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1.Introduction

In 2003, Robert Weller (Woods Hole Oceanographic Institution [WHOI]), Albert
Plueddemann (WHOJ)and Roger Lukas (University of Hawaii [UH]) proposed to establish a
long-term surface mooring at the Hawaii Ocean Tseees (HOT) Station ALOHA (22°45'N,
158°W) to provide sustained, higjuality airsea fluxes and the associated upper ocean response
as a coordinated part of the HOT program, and as an elemengtsltaéarray of ocean reference
stations supported by the National Oceanic and AtmosphentiAd i st r ati onds ( NOA/
Climate Observation.

With support fromNOAA and the National Science Foundation (NSF), the WHOI HOT Site
(WHOTS) surface mooring has been maintained at Station ALOHA since August 2004. The
objective of this project is to pvide longterm, highquality airsea fluxes as a coordinated part
of the HOT program and contribute to the goals of observing heat, freshamatehemical fluxes
at a site representative of the oligotrophic North Pacific Ocean. The approach is @rmeint
surface mooring outfitted for meteorological and oceanographic measurements at a site near
Station ALOHA by successive mooring turnarounds. These observamendeing used to
investigate aksea interaction processes related to climate variahititychange

Theoriginal mooring system is described in the mooring deployment/recovery cruise reports
(Plueddemann et al., 2006; Whelan et al., 2007). Briefly, a Surlyn foam surface buoy is equipped
with meteorological instrumentation including two coetpl Air-Sea Interaction Meteorological
(ASIMET) systemgHosom et al(1999, Colbo and Weller (2009)measuring air and sea surface
temperatures, relative humidity, barometric pressure, wind speed and direction, incoming
shortwave and longwave radiatio@nd precipitation. Complete surface meteorological
measurements are recorded every minute, as required to comyaga fiirxes of heat, freshwater
and momentum. Each ASIMET system also transmits hourly averages of the surface
meteorological variablesiar the Argos satellite systemnd via iridium The mooring line is
instrumented in order to collect time series of upper ocean temperaairesies andselocities
with the surface forcing record. This inclugesnductivity, salinity and temperature oeders two
Vector Measuring Current Meters (VMCMshand two Acoustic Doppler current profiler
(ADCPs). See thaVHOTS 12 mooring diagram ifrigure1-1.

The subsurface instrumentation is locatedicallyto resdve the temporal variations of shear
and stratification in the upper pycnocline to support study of mixed layer entrainment. Experience
with moored profiler measurements near Hawaii suggests that Richardson number estimates over
10 m scales are adequagalinity is crucialto water masstratification as sakstratified barrier
layers are observed at HOT and in the region (Kara et al., 20085eaBird MicroCATs with
vertical separation ranging fromZ® m were usedto measure temperature and salinidy
TeledyneRD Instrument?ADCP obtairs current profiles across the entrainment zoneaaradher
in the mixed layerBoth ADCPs arein an upwaredooking configurationone isat 15 m, using 4
m bins and the other is a 47.5 m using 2 m bifig provide earsurface velocity (where the
ADCP estimatesre lessreliable) we deploy twda/MCMs. The nominal mooring design is a
balance between resolving extremes versus typical anrcledggf the mixed layer (see WHOTS
Data Report 22, SantiageMandujano et al.2007%).
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Figure 1-1. WHOTS12 mooring design.
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Thetwelfth WHOTS mooring (WHOTSL2 mooring) was deployeon July11™, 2015 during
asix-day cruis WHOTS-12 cruise) and was recoverednoJune 3@, 2016 during asevenday
cruise (WHOTSI3 cruise) both cruisesvereaboard theNOAA ShipHi 6 i aA 18kmaring
(WHOTS 13 mooring)was deployed during the WHOTI cruise;to be recovered iduy 2017.

This report documents and describes the oceanografisiervations made on th™"
WHOTS mooringduring a period of nearly one year, and from shipboaedsurementduring
the two cruises when the moorimgsdeployed andecovered. Sections 2 and 3 include a detailed
descriptionof the cruises and the moog respectively Sampling and processing procedures of
the hydrographic casts, thermosalinograph, and shipboard ADCP data collectedtlesig
cruises aredescribedin Section 4. Section 5 includes the processing procedures for the data
collected by thenoored instruments: SeaCATs, MicroCAT&ICMs, and moored ADC® Plots
of the esulting data and a preliminaapalysis ar@resentedn Section 6.

2. Description of the WHOTS-12 Mooring Cruises

A. WHOTS-12 Cruise: WHOTS-12 Mooring Deployment

The WoodsHole Oceanographic Institution Upper Ocean Processes Group (WHOI/UOP),
with the assistance of the UH group conductedl#fedeployment of the WHOTS mooring on
board theNOAA ShipHi 6 i aduriagtlzeiWHOTSI2 cruisebetween Jul®-15", 2015. The
WHOTS-12 mooring was deployed at HOT Statio@ 6n July 11", 2015 and the anchor was
dropped on July 2at ®:10 UTC at 22° 8.060 N, 168970 AVScientific personnewho
participatedn the cruise are listed ihable2-1.

Table2-1. Scientific personnel oghipHi 61 al ak ai d ul? deplaymenticraise WHO T S

Cruise Name Title or function Affiliation

WHOTS12 Weller, Bob Chief Scientist WHOI
Smith, Jason Senior Engineéng Assistant  WHOI
Pietro, Ben Engineering Assistant WHOI
Snyder, Jefrey Marine ElectronicsTechnician UH
SantiageMandujano, Research Associate UH

Fernando

McCoy, Daniel Research Associate UH
Deppe,RobertWalt Research Associate UH
TabataRyan Marine Research Technician UH
Dumitrascu, Adela PO Student Assistant UH
Ko, Whitney PO Volunteer UH
Otto, Bill Researcher NOAA

The shipboard oceanographic observations during the cruise were conducted by the UH group.
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A SeaBird CTD (condudivity, temperature and depth) system was used to measure T, S, and
O profiles duringthirteenCTD castsThe time, location, and maximum CTD pressure for each
of the profiles are listed ifiable2-2. Onecast atStation 50, to a depth of 1500 m, was made to
test acoustic releases. Sevenygocasts to ~ 200 dbar were conducted at Station 52 to obtain
profiles for comparison with subsurface instruments on the WHOT$nooring after its
deployment. An additional fer yoyo casts were conducted at Station 50 for comparison of
WHOTS 11 subsurface instruments prior to recovery. These casts consisted of fd@avap
cycles between 5 and 200 dbar, except the last two Station 52 casts, which used 10 cycles each.
Water samles for salinity calibrations were taken on each cast: four from each of the 200 dbar
yo-yo casts, and six from the 1500 m cast. These samples were analyzed for salinity at UH and
used for calibration of the CTD conductivity sensors.

Table2-2. CTD statims occupied during the WHOTI cruise

Statioricast| Date Time | Location Maximum
(GMT) | (using NMEA data) pressure (dbar)

50/1 7/10/15| 19:34 | 22° 46.13" N, 157° 53.08" W 1458
52/1 7/12/15| 15:58 | 22° 38.31" N157° 58.54" W 207
52/2 7/12/15| 20:00 | 22° 38.56" N, 157° 58.43" W 204
52/3 7/13/15| 00:06 | 22°38.75 N, 157°58.91" W 200
52/4 7/13/15| 03:59 | 22°38.76" N, 157°58.72° W 218
52/5 7/13/15| 07:58 | 22° 38.91" N, 157° 58.80" W 202
50/2 7/13/15| 16:00 | 22°44.87" N, 157° 56.09° W 208
50/3 7/13/15| 19:55 | 22° 45.44" N, 157° 56.02" W 203
50/4 7/14/15| 00:04 | 22° 45.,50" N, 157° 56.01" W 200
50/5 7/14/15| 03:56 | 22° 45.61" N, 157° 56.04" W 203

50/ 6 7/14A5 | 07:53 | 22° 45.57" N, 157° 55.85" W 203
52/6 7/15/15| 18:02 | 22° 39.18" N, 157° 58.86" W 204
5217 7/15/15| 22:57 | 22° 39.02" N, 157°59.17" W 204

In addition, continuous ADCP and near surface thermosalinograph data were obtained while
underway.

The ShipHi 6i al akai was e qRDIpstpunehts ®ceantSunaeyorlf78 kHe d y n e
ADCP, setto function in broadbandnd narrowband configuration€onfigurations for each
system are shown ifiable2-3. TheADCP used input from a S.G. Brown gyrometer and afrar
GP 90 GPS receiver to establish the heading and attitude of the/sitgpan Applanix POSMV4
system archived attitude data for use in gwstessing.

A description of these operations is available in the WHQZ $ruise report $antiage
Mandujancet al., 2015).
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Table2-3. Configuration of the Ocean Surveyor 75kHz ADCP on boardttipHidalakai during the WHOTS2
cruise.

0OS75BB OS75NB
Sample interval (s) 900 900
Number of bins 80 60
Bin Lengh (m) 8 16
Pulse Length (m) 8 16
Transducer depth (m) 5 5
Blanking length (m) 16 24

Nearsurface temperature and salinity data during the WH®I Sruise were acquired from
the thermosalinograph (TSG) system installed on the NOAA Bhipd i aTheasknsadrs. were
sampling water from the continuous seawater system running through the ship, and were
comprised ofonethermosalinograph model SBE. (SN3155 anda micrathermosalinograph
model SBE-45 (SN 4537640121), both with (internal) temperature aménductivity sensors
located inthe shp 6 s we't |l ab, a b o u intakés;7andran $BE38 (BNX® par at e
external temperature sensor locatdthe entrance to one of the water intakBse SBE21
recorded data every 5 seconds, and the otherrigtauments recorded data every secdre
water intake for the SBE1 and SBE38 is located at the bow of the ship, next to the starboard
side bow thruster, at a depth of 2 m. The intake for the-@BE located near the middle of the
ship, also 2 m deefhe water pressure at the thermosalinograghbetween 5 and 7 psi.

B. WHOTS-13 Cruise: WHOTS-12 Mooring Recovery

The WHOI/UOP Group conducted the mooring turnacboperations during the WHOTS
13 cruise betweedune25" ard July 3, 2016. The WHOTS13 mooring was deployed at Station
50 on June 27", 2016 08:47 UTC at 22° 47.24'N, 157 54.45W, and theWHOTS-12 mooring
was recoveredn June 30.

The scientific personnel that participated during the cruise are ilisieable2-4.

Table2-4. Scientific personnel o8hipHi 61 al akai d dlBdrusgWHOT®12 ridbridgresovery)

Cruise Name Title or function Affiliation

WHOTS13 Plueddeman, Albert Chief Scentist WHOI
Smith, Jason Senior Engineering Assistant WHOI
Cole, Rick Mooring Specialist RDSea Inc.
Snyder, Jefrey MarineE | e c t MTexhmiciancUH
SantiageMandujano, Research Associate UH

Fernando

McCoy, Daniel Research Associate UH
Deppe,RobertWalt Research Associate UH
Rosburg, Kellen Research Associate UH
Carter, Glen Research Scientist UH
Berry, Katrina Technician UH
Meskhidze, Nicolas |Professor NCSU
Royalty, Taylor Student NCSU
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Cruise Name Title or function Affiliation
Harvey, Julia Teacher South Eugene
High School

The shipboard oceanographic observations during the cruise were conducted bygtbapH
A description of these operations is available in the WHQ3 ruise report $antiage
Mandujancet al, 2016).

A SeaBird CTD system was used to measure Tar®] Q profiles during CTD casts. The
time, location, and maximum CTD pressure for each of the profilelésted in Table2-5. Ten
CTD casts were conducted during the WH@IScruise.CTD profile data were colted at
Station 50 (near the WHOTE3 buoy), and Station 52 (near the WHQOTIS buoy).A test cast
was conducted at StA2tli. @462 ©02 1 AN D o%deptiiof Ma& a h
1500 m in order to test three acoustic reledsesr 200 m yeyo castsvere conducted at Station
52 for comparison with subsurface instruments on the WHOX &ooring prior to recovery.
These casts each consisted of fivedogvn cycles between 5 and 200 dbar. Five morgoyoasts
were performed at Station 50 for coanigon with subsurface instruments on the WHABS
mooring just after deployment. These consisted of three hoursddwip cycling approximately
14 cycles each)he lastcycleofthe i f t h cast was to a depth of 2
to greagthe CTD wire on the upast.Four water samples were taken fraaachcastsfor salinity
analysis at UH

Table2-5. CTD staions occupied during the WHOTIS cruise(WHOTS12 mooringrecovery).

Station/casl Date Time Loqation Maximum
(UTC) | (using NMEA data) pressure (dbar)

20/ 1 06/26/16| 04:07 | 21° 27.95" N, 158° 21.24" W 1510
52/1 06/28/16| 00:13 | 22° 39.58" N, 157° 58.26" W 203
52/2 06/28/16| 02:25 | 22° 39.48" N, 157° 58.86" W 208
52/3 06/28/16| 05:02 | 22° 39.30" N, 157° 59.50" W 209
52/4 06/28/16| 07:26 | 22° 39.48" N, 157° 58.31" W 208
50/1 07/02/16| 20:07 | 22° 46.39" N, 157° 56.38" W 210
50/2 07/02/16| 00:51 | 22° 46.26" N, 157° 56.46" W 211
50/3 07/02/16| 05:53 | 22° 46.34" N, 15756.49" W 209
50/4 07/02/16| 16:06 | 22° 45.89" N, 157° 56.41" W 209
50/5 07/02/16| 19:52 | 22° 46.46" N, 157° 56.66" W 2010

In addition, continuous ADCP and near surface thermosalinograph data were obtained while
underway.

The NOAA Ship HiGalakai wasequipped with an RD Instruments Ocean Surveyor 75 kHz
ADCP, set to functionin broadband and narrowband configuratioi$ie configuration
information is shown imable2-6. The ADCP used input from a S.G. Brownrgyneter and a
Furuno GP 90 GPS receiver to establish the heading and attitude of thetsli@n Applanix
POSMV4 system archived attitude data for use in-postessing.
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Table2-6. Configuration of theDcean Surveyor 75kHz ADCP on board 8tépHi 6i al ak ai dulBi ng the
cruise.

OS75BB OS75NB
Sample interval (s) 900 900
Number of bins 80 60
Bin Length (m) 8 16
Pulse Length (m) 8 16
Transducer depth (m) 5 5
Blanking length (m) 16 24

Nearsuface temperater and salinity dataluring the WHOTS-13 cruise were acquired
through the use of a thermosalinograph (TSG) system alstapdH i 6 i aThederssars were
sampling water from the continuous seawater system running through the ship, and were
comprised of one thermosalinograph model SBEand a micrédhermosalinograpmodel SBE
45, both with (internal) temperature and cond
67 m fromseparate hulhtakes; and an SBE38 external temperaturerssorocated at the entrance
to one of the water intake§he SBE21 recorded data every 5 seconds, and the other two
instruments recorded data every secdite water intake for the SBEL and SBE38 is located
at the bow of the ship, next to the stamooside bow thruster, at a depth of 2 m. The intake for the
SBE-45 is located near the middle of the ship, also 2 m dédpe syst emds press
indicated 20 psi at the sampling spigot, however, pressure decreased to ~18 psi when the valve
was openedor sampling

Data from the SBE5 exhibited numerous conductivity and temperature glitches, indicating
a possible problem with the system; SBE data and calculated salinities were of good quality.
SBE-21 data did exhibit some large conductivity spikes, which often occur due to bubble
entrainment from the surface, especially during bad weather or while the ship is pitching in transit.
The records from the external and internal temperature sensors are also of good quality, the internal
temperature from th&BE-21 appears to be consistentbwer than the external temperature,
probably due to cooling from the shipbs A/ C s
thermosalinographilhe temperature from the SBE decreased drastically between 1 arkb
between June 29 and before July 3. This mibesmosalinograph uses a much smaller volume of
water as compared to the SBE, and seems to be affected more significantly by thd wetb 6 s
temperature changes than the SBE

3. Description of WHOTS-12 Mooring

The WHOTS12 mooring, deployed oduy 11", 2015f r om N GWipAd 9 i avwas k a i
outfitted with twocomplete setf 08 and L09) of ASIMET sensors on the bueyd underneath,
and subsurface instrumerfitsm 7to 155 m deptland at 36 m above the them (Figurel-1). The
WHOTS-12 recovery onJune 30", 2016 resulted inrabout355 days on station.
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The buoy tower also contains a radar reflector, two marine lanterns, and two independent
Argos satellite transmigm systems that provide continuous monitoring of buoy position. A Xeos
Melo Global Positioning System (GPf&ceiver, a SBE9 temperature sensor adapted to measure
air temperature and a Vaisala W>%P20 multivariable (temperature, humidity, pressure,chamd
precipitation) were also mounted on the tower. A fourth posiigeystem (SiS Xeos Sapleas
mounted beneath the hull. Several other instrumeate mounted on the buoy.BattellepCO,
system a pumped SBHE6 CTD and &SEAFETpH sensor were moted to the underside of the
buoy. The SHBL6 hosted turbidity and dissolved oxygen sensdistee downlooking
radiometersvere mounted on the buoydne hyperspectral sensor is mounted facing upward near
the radiometers as a reference for the incomingtsgerradiance A chlorophyll fluorometer as
also mountean the buoy hull

Four internallylogging RBRSolo-T temperature sensoandtwo SBE37 MicroCATswere
bolted to the underside of the buoy hull measuring sea surface temperature (SSTiand sal
RBRs measured SST once every 60 sec betw@88 8m below the surface, and the MicroCATs
wereat1.51 m.

Instrumentatia provided by UH for the WHOT-32 mooring included.7 SBE-37 Microcats,
an RDI 300 kHz Workhorse ADCRndan RDI 600 kHz Wdkhorse ADCP. The Microcats all
measured temperature and conductivity, véithlso measuring pressurll MicroCATs were
deployed with antifoulant capsules. Sgiad (David Murphy) provided three experimental SBE
37 MicroCATs. In addition to the instrumition on the buoy, WHOI providetivo Vector
Measuring Current Meters (VMCNlsandtwo MicroCATs (SBE-37) installednear the bottom of
the mooring

Table3-1a providesa listing of the WHOTSL2 subsurface instrunmgationat their nominal
depths on the mooring, along with serial numbers, sampling rates and other pertinent information.
A cold water spike was induced to tbé Microcats before deployment and after recovery by
placing an ice pack in contact with theemperature sensor to check for any drift in their internal
clock. Table 3-1b include information about the four RBR Seloand SBE37 instruments
installed under the buoy.

The RDI 300 kHz Workhorse Sentinel ADC®N 4891, with an additional external batly
pack, was deployed at 125 m with transducers facing upwards. The instrument was set to ping at
4-second intervals for 160 seconds every 10 minutes. This burst sampling was designed to
minimize aliasing by occasional large ocean swell orbital moti@is.size was set for 4 i
(Table 32a).This instrumentalsomeasured temperaturéo produce a spike in the ADCP data,
each instrumento6s tr ansduc secondsoafere deplopnieetdndgent |
after recovery (see Tables2a and 34).

The RDI 600 kHz Workhorse Sentinel ADCP, $8B17 with an additional external battery
pack, was deployed at 47.5 m with transducers facing upwards. The instrument was set to ping at
2-second intervals for 160 seconds every 10 minutes. This burst sam@sglesigned to
minimize aliasing by occasional large ocean swell orbital motions. Bin size was&egt fdable
3-28). This instrument also measured temperatiice produce a spike in the ADCP dagach
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i nstrument 06s

t r ansduc éor 20seeoadbefarcbdbptogmeryg and aftery

recovery (see TablesZa and 3).

The twoVMCMs, SN19and69 were deployed at 1 and 30 m depthiespectively.
The instruments were prepared for deployment by the WHOI/UOP group and set to sample at 1
minute intervals. These instruments also measured temperature.

Table3-1a. WHOTS12 mooring subsurface instrument deployment information. All times are in UTC.

. Depth Pressure Sample . . . . L
SN: Instrument m SN I(r;gecr)val Start Logging Data Cold Spike begin Cold Spike end Time in Water
3617 MicroCAT 7 N/A 180 07/08/15 | 0:00:00 07/10/15 | 02:00:00 | 7/10/15 02:30:00 07/11/15 19:52:10
19 VMCM 10 N/A 60 07/06/15 | 19:06:00 | N/A N/A N/A N/A 07/11/15 19:32:25
6893 MicroCAT 15 N/A 60 07/08/15 | 0:00:00 07/10/15 | 02:00:00 | 07/10/15 | 02:30:00 07/11/15 19:28:15
6894 MicroCAT 25 N/A 60 07/08/15 | 0:00:00 07/10/15 | 02:00:00 | 07/10/15 | 02:30:00 07/11/15 19:22:45
69 VMCM 30 N/A 60 07/06/15 | 19:06:00 | N/A N/A N/A N/A 07/11/15 19:19:16
6895 MicroCAT 35 N/A 60 07/08/15 | 0:00:00 07/10/15 | 02:00:00 | 07/10/15 | 02:30:00 07/11/15 19:17:53
6896 MicroCAT 40 N/A 60 07/08/15 | 0:00:00 07/10/15 | 02:00:00 | 07/10/15 | 02:30:00 07/11/15 19:13:17
6887 MicroCAT 45 2651319 | 75 07/09/15 | 0:00:00 07/10/15 | 02:00:00 | 07/10/15 | 02:30:00 07/11/15 19:11:24
1895 /(i%ocp KHz | 475 N/A 600 07/08/15 | 0:00:00 2‘.32‘3 Table ;‘.eze Table gf’ze Table gf’ze Table | 47111715 20:05:22
6897 MicroCAT 50 N/A 60 07/08/15 | 0:00:00 07/10/15 | 02:00:00 | 07/10/15 | 02:30:00 07/11/15 20:06:27
6898 MicroCAT 55 N/A 60 07/08/15 | 0:00:00 07/10/15 | 02:00:00 | 07/10/15 | 02:30:00 07/11/15 20:08:01
6899 MicroCAT 65 N/A 60 07/08/15 | 0:00:00 07/10/15 | 02:00:00 | 07/10/15 | 02:30:00 07/11/15 20:08:47
3618 MicroCAT 75 N/A 180 07/08/15 | 0:00:00 07/10/15 | 02:00:00 | 07/10/15 | 02:30:00 07/11/15 20:09:46
3634 MicroCAT 85 N/A 180 07/08/15 | 0:00:00 07/10/15 | 02:00:00 | 07/10/15 | 02:30:00 07/11/15 20:11:08
3670 MicroCAT 95 5701 240 07/08/15 | 0:00:00 07/10/15 | 02:00:00 | 07/10/15 | 02:30:00 07/11/15 20:12:05
6889 MicroCAT 105 2651321 | 75 07/08/15 | 0:00:00 07/10/15 | 02:00:00 | 07/10/15 | 02:30:00 07/11/15 20:12:57
6890 MicroCAT 120 2651322 | 75 07/08/15 | 0:00:00 07/10/15 | 02:00:00 | 07/10/15 | 02:30:00 07/11/15 20:22:56
o1 | o0 K 25 NIA 600 0710815 | 0:0000 | SePTAPle | seeTable | seeTable | see Table | o7115 20:23:06
13584 | XMC 134 N/A 75 07/10/15 | 0:00:00 07/10/15 | 02:00:00 | 07/10/15 | 02:30:00 07/11/15 20:27:31
6888 MicroCAT 135 3418742 | 75 07/08/15 | 0:00:00 07/10/15 | 02:00:00 | 07/10/15 | 02:30:00 07/11/15 20:27:32
13585 | XMC 136 N/A 75 07/10/15 | 0:00:00 07/10/15 | 02:00:00 | 07/10/15 | 02:30:00 07/11/15 20:27:33
13586 | XMC 154 N/A 75 07/10/15 | 0:00:00 07/10/15 | 02:00:00 | 07/10/15 | 02:30:00 07/11/15 20:30:34
6891 MicroCAT 155 2651323 | 75 07/08/15 | 0:00:00 07/10/15 | 02:00:00 | 07/10/15 | 02:30:00 07/11/15 20:30:36
9988 MicroCAT gngo n‘iﬁ N/A 300 07/10/15 | 0:00:00 07/10/15 | 02:00:00 | 07/10/15 | 02:30:00 07/12/15 01:33:17
10602 | MicroCAT gngon:ﬁ N/A 300 07/09/15 | 0:00:00 07/11/15 | 00:00:00 | 07/11/15 | 00:30:00 07/12/15 01:33:17
XMC - Experimental MicroCAT
Table3-1b. WHOTS12 instruments installed under the bu®BR SoleTl temperatureand SBE37.
Instrument SN Depth (m) | Sample Interval (sec)
RBR Solo-T 76108 | 0.80-0.98 60
RBR Solo-T 76102 | 0.80-0.98 60
RBR Solo-T 76109 | 0.80-0.98 60
RBR Solo-T 76103 | 0.80-0.98 60
SBE-37 MicroCAT | 1834 1.5 300
SBE-37 MicroCAT | 1841 15 300
WHOTS 12 Data Report 9
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All WHOTS-12 instruments were successfully recovereecoveryinformation for the €T
instruments ishown inTable3-3. Most of the instruments had some degree of biofouliit
the heaviest fouling near the surface. Fouling extended down to the ADCP at 125 m, although it

Table 32. WHOTSL2 mooring ADCP deployment and configuration information. All
times are in UTC.

ADCP S/N 4891

ADCP S/N 1825

Frequency (kHz] 300 600
Number of Depth Cells 30 25
Depth Cell Size (m 4m 2m
Pings per Ensemblg 40 80
Time per Ensemble (min 10 min 10 min
Time per Ping (sec 4 sec 2 sec

Time of First Ping

07/08/15, 00:00:00

07/08/15, 00:00:00

Transducer 1 Spike Tim

07/09/15, 2000:00

07/09/15, 19:50:00

Transducer 2 Spike Tim

07/09/15, 20:00:30

07/09/15, 19:50:30

Transducer 3 Spike Tim

07/09/15, 20:01:00

07/09/15, 19:51:00

Transducer 4 Spike Tim

07/09/15, 20:01:30

07/09/15, 19:51:30

Time in Water

07/11/15, 20:23:06

07/11/15, 20:05:22

Depth (m)

125 m

47.5m

was minor at that level.

All UH MicroCATs were in good condition after recoveryceptSN 6899(65 m), which was
recovered without its conductivity guaodt antifouling plugs, though otherwise in apparently
good conditionThe data were downloaded on boénd ship, and all instruments returned full
data recordsTable3-3 hasan initial evaluatiorof the dataqudity; more detailsare inSection \

A.
Table3-3. WHOTS12 MicroCAT Recovery Informadn. All times stated are in UTC.
Depth . . Time out oflTime of|Time Logging|Samples .
b Sea-Bird Serial # . gging P Data Quality

(m) water Spike Stopped Logged
—16/30/16 7/01/16

7 SBE 37-3617 6/30/16 05:43:00 [o0n0 e 172353 |Good

15 SBE 37-6893 6/30/16 05:48:00 613/8?7(2)21-80 6/30/16 19:56:00 [516717  |Good
. 16/30/16 -

25 SBE 37-6894 6/30/16 05:53:00| 5 010 6/30/16 19:36:00 |516696  |Good

35 SBE 37-6895 6/30/16 06:00:00 613/8?7(2)21-80 6/30/16 19:23:30 [516683  |Good

40 SBE 37-6896 6/30/16 06:02:00 %38{51_80 6/30/16 20:32:00 |516753  |Good
l6/30/16 .

45 SBE 37-6887 6/30/16 06:06:00 P00 6/30/16 20:35:00 412252  |Good

475  |ADCP 1825 6/30/16 03:40:00 |See Table 3-4 [7/01/16 23:48:00 51844 Good

50 SBE 37-6897 6/30/16 03:39:00 ?ggggo 7/01/16 20:36:00 [518197  |Good
o |6/30/16 o

55 SBE 37-6898 6/30/16 03:38:00| 5 or o, 6/30/16 19:42:00 [516703  |Good

65 SBE 37-6899 6/30/16 03:37:00 ?’83?(2)’51,30 7/01/16 20:56:00 [518217  |Good
 l6/30/16 .

75 SBE 37-3618 6/30/16 03:37:00 o010 7/01/16 01:45:00 172355  |Good
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85 SBE 37-3634 6/30/16 03:36:00 ?’;g’sl,go 712116 04:38:00 [172892  |Good
l6/30/16 o

95 SBE 37-3670 6/30/16 03:36:00 O 010 712116 04:34:30 129668  |Good
—_[6/30/16 -

105 SBE 37-6889 6/30/16 03:35:00 o010 6/30/16 20:00:00 |413376  |Good
. l6/30/16 .

120 SBE 37-6890 6/30/16 03:32:00 0010 7/01/16 20:47:00 |414566  |Good

125 ADCP 4891 6/30/16 03:28:00 |See Table 3-4 [7/02/16 00:36:00 |51840 Good

134 XMC 13584 6/30/16 03:23:00 ‘15’5(2)’51,80 7/01/16 20:29:30 |412248  |C-offset

6/30/16 0316/30/16 e

135 SBE 37-6888 o0 oo 6/30/16 19:49:00 |413368  |Good

136 XMC 13585 6/30/16 03:23:00 ‘15’832’51_80 7/01/16 20:33:00 412251  |Good
. l6/30/16 -

154 XMC 13586 6/30/16 03:21:00 oot 7/02/16 17:53:30 413275  |Good
l6/30/16 -

155 SBE 37-6891 6/30/16 03:21:00 o0 6/30/16 19:53:00 413370  |Good

36 mab |SBE 37-9988 6/29/16 19:59:00 ??3’51-80 6/30/16 19:31:00 [102763  |Good

36 mab |SBE 37-10602 6/29/16 19:59:00 ?’ggg_go 6/30/16 20:53:30 [103067  |C-dift

The data from the upwaildoking 300 kHz ADCP at 125 m were good; the instrument wasngng
upon recoverysee Table 3). There appeareth be no obviously questionable data from this

ADCP, apat from neassurface artifactamore details are isection \/B.

The data from the upwaildoking 600 kHz ADCP at 47.5 mvere good; the instrument was
pinging upon recoverysee Table 3l). There appeare be no obviously questionable data from

this ADCP, apart from neaurface artifats more details are iBection \/B.

Table 34. WHOTS-12 mooring ADCP recovery information. All times are in UTC.

ADCP S/N 4891

ADCP S/N 1825

Transducer 1 Spike Time

07/01/16, 00:22:30

07/01/16, 00:27:30

Transducer 2 Spike Time

07/01/16, 00:22:50

07/01/16, 00:27:50

Transducer 3 Spike Time

07/01/16, 00:23:10

07/01/16, 00:28:10

Transducer 4 Spike Time

07/01/16, 00:23:30

07/01/16, 00:28:30

Time in Water

07/11/15, 20:23:06

07/11/15, 20:05:22

Time out of Water

6/30/16 03:28:00

6/30/16 03:40:00

Depth (m)

125m

47.5m
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4. WHOTS-12 and -13 cruise shipboard observations

The hydrographicprofile observations made duringe WHOTS cruises were obtained
with a SeaBird CTD packagevith dual temperature, salinity and oxygen sensbhigs CTD was
installed ona rosettesampler with 5 L Niskin bottlefor calibration water samples addition,
the HiGalakai came equipped with a thermosalinogragystem which provided a continuous
depiction of temperature and salinity of the reanface layer. Horizontal cuants over the depth
range of30-1000 m were measured from the shipboa&lkHz Ocean Surveyd©S75)ADCP
(narrowband)with a vertical resolution oflém for the WHOTS12 and WHOTS13 cruises.
Broadband mode for the OSpEovidedadditional current data owvéhe range of 2850 m with a
vertical resolution of 8m.

Datagaps occurred when the system was shut down temporarily during communications
with the acoustic releases used for the moorithging both cruisesThe long gap on July 10
2015from about9:00 to 19:00 UTC was during triangulation of the WH@ISanchor after
deployment.The long gap on June ©82016 from about 19:40 to 22:00 UTC was during
triangulation of the WHOT&3 anchor after deploymemuringWHOTS-13, periods of missing
data betveen 300 ad 450 m in the broadband ADCP meapparent due to the lack of scatter
material in the water.

A. Conductivity, Temperature and Depth (CTD) profiling

Continuous measurements of temperature, condugtdiggolved oxygeand pressure were
made wih the UH Se@ird SBE-9/11PIlus CTD underwater uni0gP437770850 (referred to as
#850) during theWHOTS-12 and WHOTS13 cruises. The CTD was equipped with an internal
Digiquartz pressure sensor goairs of external temperature, conductivity, and oxysprsors.

Each of the temperatw@mnductivity sensor pairs used a Sed TC duct which circulated
seawater through independent pump and plumbing installafidres.CTD configuration also
included two oxygen sensors, installed in the plumbing for eatdosset. In both cruises, the
CTD was mounted in a vertical positian the lower part of aosette sampler, with the sensors'
water intakes locateat the bottom of the 3@lacerosette

The package was deployed on a conducting cable, which alloweftime data acquisition
and display. The deployment procedure consisted in lowering the packageot@5L8bar and
waiting until the CTD pumps started operating. The CTD was then raised until the sensors were
close to the surface to begin the CTDtcaghe time and position of each cast was obtained via a
GPS connection to the CTD aebox. Six Nskin bottles were used on thesette. Fousalinity
samples were taken on each cast for calibration of the conductivity sensors.
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1. Data acquisition and processing.

CTD data were acquired at the instrument's highest sampling rate of 24 samples per second.
Digital data were stored on a laptop computer and, for redundancy, the analog signal was recorded
on VHS video tapesBackups of CTD data were made oltSB storage cards.

The raw CTD data were quality controlled and screened for spikes as desctitsdfHOTS
Data Report 1 (Santiagdandujano et al., 2007Data alignment, averaging, correction and
reporting were done as described in Tupal (1998B). Spikes in the data occur when the CTD
samples the disturbed water of its wake. Therefore, samples from the downcast were rejected when
the CTD was moving upward or when its acceleration exceeded 0?’5mmeagnitude. The data
were subsequently averd)jinto 2dbar pressure bins after calibrating the CTD conductivity with
the bottle salinities.

The data were additionally screened by comparing & sensor pairs. These differences
permitted identification of problems with the sensors. The data fridyrooe FC pair, whichever
was deemed most reliable, is reported here.

Temperature is reported in the FBB scale. Salinity and all derived units were calculated
using the UNESCO (1981) routines; salinity is reported in the practical salinity sc&8e/ 8PS
Oxygen is reported immol kg?.

2. CTD sensor calibration and corrections

Pressure

The pressure calibration strategy for CTD pressure transi&d¢rl01430used during
WHOTS 12 and SN 75434 used duringVHOTS-13 cruisesemployed a higiguality quatz
pressure transducer as a transfer standard. Periodic recalibrations of this lab standard were
performed with a primary pressure standard. The only corrections applied to the CTD pressures
were a constant offset determined at the time that the CTDefitsts the water on each cast. In
addition, a span correction determined from bench tests on the sensor against the transfer standard
was appliedThese procedures and corrections are thoroughly documented in theH®and
2016 data reports (Fujieki etl. 207 and 2018

Temperature /Conductivity

SeaBird SBE-3-Plus temperaturand SBE 4C conductivitjransducersvere used during
WHOTS-12 and-13 cruises. The history and performance of these sensors have been monitored
during HOT cruises, and calibrats and drift correctionapplied during WHOTS cruisesre
thoroughly documented in the HE&ZD15 and 2056 data reportsKujieki et al. 207 and 2018
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Dissolved Oxygen

SeaBird SBE43 oxygen sensors were usiating the WHOTSL2 and-13 cruises Oxygen
data from the WHOTS2 cruise were calibrated using empirical calibrations coefficientsined
during the HOT273 cruise conducted ob8-22 June 2015efore the WHOTS2 cruise, which
used the same oxygen sensors. Similarly, the WHOB 8xygen data wer calibrated using
calibration coefficients obtained during the H@85 cruise conducted ob0-14 July 2016 after
the WHOTS13 cruise, which used the same oxygen sengeupeki, et al. (2017, 20)8have
details on these calibrationBhe CTD empiricakalibration was conducted using oxygen water
samples and the procedure from Owens and Millard (1985). See Tupas et alf¢i@8®ils on
these calibrations procedures.

B. Water sampling and analysis
1. Salinity

Salinity samples were collecteg rosette sapler during CTD casts at selected depths during
WHOTS 12 and-13, and suksampled in 250 ml glass bottldhe top of each bottle and thimble
were thoroughly dried before being tightly capped to prevent water from being trapped between
the cap orthimblerad t he bottl eds mout h. I't has been ob
way increases its salinity due to evaporation, and it can leak into the sample when the bottle is
opened for measurinampledrom each cruis&vere measured after the cruisghe laboratory
at the UH using a Guildline Autosal 84008N 70168. IAPSO' standard seawater samples were
measured to standardize the Autosal, and s amj
(substandard) seawater were measured after eve#f 8mpledo detect drift in the Autosal.
Standard deviations of the secondary standard measuremeatesgthan + 0.001 for WHOTS
12 and-13cruises Table4-1).

The substandard water was cotkxl by rosette sampler from020 m at station ALOHA
during HOT cruiseand drained into a 5liter Nalgene plastic carboy. In the laboratory, the water
was then thoroughly mixed in a glass carboy for 20 minyemanually shaking, rolling and
tilting the carboy vigorouslyafter whit a 2inch protective layer of white oil was added on top
to deter evaporation. The substandard water was allowed to stand for approximately three days
before it was used, and was stored in the same temperature controlled room as the Autosal,
protecting itfrom the light with black plastic bags tohibit biological growth. Substandard
seawater batches #59 and #@6re prepared orll December2014 and15 September 2015
respectively and used for WHOTIR and-13 samples respectively.

Samples from WHOT82 cruise were measured during the same session as th HOT
samples. Samples from WHOTS cruisewere measureduring the same session as H@T-
285 samplesThe substandarstatistics inTable4-1 include tle substandard samples measured
for the combinedWHOTS 12 and HO¥T274 samplesand the combined WHOTF$S3 and HOF
285 samples

! International Association for Physical Sciences of the Ocean
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Table4-1. Precision of salinity measuremermtssecondary lab standards.

Cruise | Mean Salinity +/ SD | # Samples |Substandard Batch IAPSO Batch #|
WHOTS 12/
HOT-274 34.4656 +/ 0.0004 5 59 P1%
WHOTS 13/
HOT-285 34.5080+/- 0.0001 5 60 P158

C. Thermosalinograph data acquisition and processing

1. WHOTS-12 Cruise

Nearsurface temperatuignd salinity data during the WHOTI2 cruise were acquired from
the thermosalinograph (TSG) system installed on the NOAAShipd i aThesdersars, located
in the shipbdés wet | ab ~67 meters asthesrhn pafs t h
continuous flowthrough seawater system. The system was comprised of one TSG moe2l SBE
(SN 3155) and a micrthermosalinograph model SBE& (SN 4537640121), both with
(internal) temperature and conductivity sensors; and an3BESN0215) external teperature
sensor located #te entrance to one of tieawater intake The SBE21 recorded data every five
seconds, while the other two instruments recorded every seomavater intake for the SBEL
and SBE38 is located at the bow of the ship, nexthe starboard side bow thruster, at a depth of
2 m. The intake for the SB&5 is located near the middle of the ship, also 2 mdeeps fhe t e md s
pressure gauge indicatbdtween 18 and0 psi at the sampling spigd@nly data from the SBE
21 and SBE38 are reported here. The SBIBE had many conductivity glitches, indicating some
problem with that instrument.

Temperature Calibration

External temperature data from the SB&Esensor (last calibrated at S&iad on 04 December
2012) were used as a measofréhe seawater temperature. These data were compared to the data
collected during CTD casts.

Nominal Conductivity Calibration

Data from the SBE1 conductivity and temperature sensors were used to calculate the intake
seawater salinity. These sensorerevlast calibrated at S&rd on 18 November 2011. All
conductivity data from the thermosalinograph were nominally calibrated with coefficients from
this calibration. However, all the final salinity data reported here were calibrated against bottle
dataas explained below.
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Data Processing

Daily files containing navigation data recorded every second weegged with
thermosalinograph datdhe thermosalinograph data were then screened for gross errors, with
upper and lower bounds of 18 °C and 35 °C forgeratureand 3 Siemens ¥and 6 Siemens
m ! for conductivity. There were no points outside the valid temperature range and no points
outside the valid conductivity range.

A 5-point running median filter was used to detect-ooe two-point temperatte and
conductivity glitches in the thermosalinograph data. Glitches in temperature and conductivity
detected by the-point median filter were immediately replaced by the median. Threshold values
of 0.3 °C for temperature and 0.1 Siemensfor conductivty were used for the median filter.
After running the filter, there were 18 conductivity points replaced by the median. No temperature
points were replaced. A@oint triangular running mean filter was used to smooth the temperature
and conductivity datafter passing the glitch detection.

The thermosalinograph aboard the SHip 6 i anasasktdoirecord data every second, but
occasionally, due to an error in the acquisition software rounding routine, a record is written at a
longer interval. Only 36iming errors occurred during this cruise; all of these were between 30
and 32 seconds.

Data were visually scanned to flapikesprobably caused by contamination due to the
introduction of bubbles to the flothrough system during transits or rough atinds. Of a total
of 19,699 data points, 660 conductivity data points were flagged as baHl. iTliei a floavk ai 6 s
through system was not equipped with ebdébler.

Bottle Salinity and CTD Salinity Comparisons

The thermosalinograph salinity was calibrated comparing it to bottle salinity samples
drawn from a water intake next to the thermosalinograph every 8 hours throughout the cruise. Of
the 21 bottles sampled, none were considered outliers. Samples were analyzed as described in
Section 1. The comparison was made in conductivity in order to eliminate the effects of
temperature. Conductivity of each bottle sample was computed using the salinity of the bottle,
thermosalinograph temperature and a pressure dfdbdr, which includes the pressure of the
fl owt hrough systemdés pump.

Salinity samples were drawn from the fldlarough system, located less than 0.5 m from the
SBE-21 and consequently there should be virtually no delay between when the water passes
through the thermosalinograph and it being sampled. A 90 second average centered on the sample
draw time was chosen for processing purposes.

The CTD salinity data at 2 dbar from the 13 casts conducted during the cruise was used to
compare with the thermosatigraph conductivity. Using the thermosalinograph temperature data
and a pressure of 3.44 dbar, the CTD conductivity was calculated for the 13 casts conducted while
the thermosalinograph was running. Three CTD casts were excluded from processing asthey wer
obvious outliers. The SBE1 conductivity sensor had a mean offset of 080B&1* with respect
to the CTD data.
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A cubic spline was fit to the time series of the differences between the bottle and TSG
conductivity and a correction was obtained for th&T&®nductivities. Salinity was calculated
using these corrected conductivities, the thermosalinograph temperatures, and 3.44 dbar pressure.
After correction, the mean difference between the bottle and thermosalinograph salinities was
0.000001 psu with a amdard deviation of 0.0029 psu. The mean CGTermosalinograph
difference was0.0007 psuwith a standard deviation of 0.0044u

CTD Temperature Comparisons

There were 13 CTD casts conducted during the WHOI Sruise. The 2 dbar CTD
temperature datavere used to compare with the thermosalinograph internal temperature. Three
CTD casts were excluded from processing as obvious outliers. The mean difference between the
internal sensor and the CTD wé@s27% °C, with a standard deviation of +0.0338 °C.

2. WHOTS-13 Cruise

Nearsurface temperature and salinity data during the WHO&uise were acquired from
the thermosalinograph (TSG) system installed on the NOAAShipd i aThesdersars, located
in the shipds wet | ab ~iftake, wmazet sampbng waset fom the o f  t
continuous seawater system running through the ship, and were comprised of one TSG model
SBE-21 (SN 3155) and a micithermosalinograph model SBE (SN 453764:0121), both with
(internal) temperature and conductivignsors, and an SBEB (SN0215) external temperature
sensor located antrance to one of treeawater intalee The SBE21 recorded data every five
seconds and the other two instruments recorded data every sElcendater intake for the SBE
21 and SBE38is located at the bow of the ship, next to the starboard side bow thruster, at a depth
of 2 m. The intake for the SB&S is located near the middle of the ship, also 2 m dEep system
had a pressure gauge showing a flow pressure of about 20 psasilegite 18 psi when the valve
was opened for samplinBoth systems were equipped with aluébler.

Temperature Calibration

External temperature data from the SB&Esensor (last calibrated at S&iad on06Feb. 201%
were used as a measuof the seaater temperatureThese data were compared to the data
collected during CTD casts.

Nominal Conductivity Calibration

Data from the SBE1 conductivityand temperatureensos were usedo calculatahe intake
seawater salinity. Tésesensos werelast caibrated at Sed®ird on09 Feb. 2016All conductivity
data from the thermosalinograph wamminallycalibrated with coefficients from this calibration.
However, all the final salinity data reported here were calibrated against bottle data as explained
below.

WHOTS 12 Data Report 17



Data Processing

Daily files containing navigation data recorded every second were concatentitetie
thermosalinograph datdhe thermosalinograpldata were then screened for gross errors, with
upper and lower bounds of 18 °C and 35 °C for temperatnd 3 Siemenshand 6 Siemens
m 1 for conductivity. There wereno points outside the valid temperatusngeandno points
outside the valid conductivity range.

A 5-point running median filter was used to detect-ooe two-point temperature and
conductivity glitches in the thermosalinograph data. Glitches in temperature and conductivity
detected by the-point median filter were immediately replaced by the median. Threshold values
of 0.3 °C for temperature and 0.1 Siemenfor conductivity wee used for the median filter.

After running the filter, there wemo temperature aronductivity points replaced by the median.
A 3-point triangular running mean filter was used to smooth the temperature and conductivity data
after passing the glitch dedtion.

The thermosalinograph aboard the Ship Hiodial
but occasionally, due to an error in the acquisition software rounding routine, a record is written
at a longer interval. Only 369 timing errors occurdedng this cruise; of these 364 were between
6 and 9 seconds, and 5 were greater than 10 seconds. One gap, however, lasted 169 seconds.

Data were visually scanned to flag spikes likely caused by contamination due to the
introduction of bubbles to théofv-through system during transits or rough conditions. Of a total
of 121,686 data points, 235 conductivity data points (0.2%) were flagged as bad.

Bottle Salinity and CTD Salinity Comparisons

The thermosalinograph salinity was calibrated by comparing Hottle salinity samples
drawn from a water intake next to the thermosalinogesany8 hours throughout the cruis©f
the 21 bottles samplethreewere considered outlieend discarded from analysiamples were
analyzed as describeéal SectionlV.B.1. The comparison was made in conductivity in order to
eliminae the effects of temperatureo@luctivity ofeachbottle samplewas computed using the
salinity of the bottle, thermosalinograpgmperature and a pressure3cf4dbar, wheh includes
thep essure of the puhpowt hrough systemds

Salinity samples were drawn from the flowthrough system, located les8.thanfrom the
SBE-21 and consequently there should be virtually no delay between when the water passes
through the thermosalinograph ahbeing sampled. A 90 second average centered on the sample
draw time was chosen for processing purposes.

The CTDsalinity data at2 dbarfrom the D casts conducted during the cruisas usedor
comparisonsvith the hiermosalinograph conductivitidsing the thermosalinograph temperature
data and a pressure ®#4dbar, the CTD conductivity was calculated for th@ dasts conducted
while the thermosalinograph was runnifige CTD cass wereexcluded from processing dsey
were obvious outlies. The BE-21 conductivity sensor had a mean offset0dd9 Snit with
respect to the CTD data
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A cubic spline was fit to the time series of the differences between the bottl€Sad
conductivity and a correction was obtained for &G conductivities. Salinit was calculated
using these corrected conductivities, the thermosalinograph temperaturgdsi4aitzar pressure.
After correction, the mean difference between the bottle and thalimmgraph salinities was
0.00M01 psuwith a standard deviation of @23 psu The mean CTD thermosalinograph
difference was0.0010 psuwith a standard deuvi@n of 0.0@22 psu

CTD Temperature Comparisons

There were @ CTD casts conducted during the WHOTS cruise. The 2 dbar CTD
temperature data were used to comparé wWie thermosalinograpiternal temperature=ive
CTD cass wereexcluded from processing as obvious ousli#@he mean difference between the
internal sensor and the CTD w&@s2320°C, with a standard deviation of 827 °C.

D. Shipboard ADCP

1. WHOTS-12 Cruise (WHOTS-12 mooring deployment)

Currents were measured for the duration of the cruise over the depth rangE6D3t with
the Hio6ialakai 6s 75 kHz RDI Ocean Surveyor
vertical resolution of 16 m, and broadband mode with vertical resolution of 8 m. The system
yielded good data (see cruise report). File start and end times are li&dad- below. Gaps in
the data occurred when the system was shut dowingdeommunications with the acoustic
releases used for the moorings. A gap on July 10 from about 9:00 to 19:00 UTC was during
triangulation of the WHOTS2 anchor after deployment. The times of the datasets from the OS75
are shown imable4-2.

Table4-2. ADCP recordimes (UTC) for the Narrow Band 75 kHz ADCP during the WHQA & uise.

WHOTS-12 OS75nb OS75bb
File beginning time 09-Jul2015 18:02:33 09-Jul2015 18:02:33
File endingtime 16-Jul2015 18:43:51 16-Jul2015 18:41:21

2. WHOTS-13 Cruise (WHOTS-12 mooring recovery)

Currents were measured for the duration of the cruise over the depth rangE060D30 with
a 75 kHz RDI Ocean Surveyor (OS75) ADCP working in narrowband matlte awertical
resolution of 16 m, and in broadband mode with vertical resolution of 8 m. The system yielded
good dataPeriods of missing data between 300 and 450 m in the broadband ADCP are apparently
due to the lack of scatter material in the wal&egaps in the data occurred when the system was
shut down temporarily during communications with the acoustic releases used rfuvdhegs.
The long gap on June 28 from about 19:40 to 22:00 UTC was during triangulation of the WHOTS
13 anchor after deployemt.
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Table4-3. ADCPrecord times (UTC) for th@5kHz ADCP during the WHOTE3 cruise.

WHOTS-13

OS75nb

OS75bb

File beginning time

25-Jun2016 20:06:59

25-Jun2016 20:06:59

File ending time

03-Jul2016 17:2:24

03-Jul2016 17:19:55

5. Moored Instrument Observations

A.  MicroCAT/SeaCAT data processing procedures

Each mooredMicroCAT and SeaCATtemperature, conductivity and pressure (when
installed wascalibrated at SeBird prior to theirdeployment and afteéheir recoveryn the dates
shown inTable5-1. The internallyrecorded data from each instrument weéwe/nloadedn board
the ship after the mooring recovery, and the nomirzljbrated data were plotted forvesual
assessment of the data quality. The data processing included checking the internal clock data
against external event timegressure sensor drift correction, temperature sensor stability, and
conductivity calibration against CTD data from castdumted near the mooring during H@ihd

WHOTScruises. The detailed processing procedures are described in this section.

Table5-1. WHOTS12 MicroCAT/SeaCATemperature sensor datation datesand sensor uft during deployments

Temperature
Nominal deployment SeaBird Serial Pre-deployment Postrecovery |sensors annual drift
depth (m) number calibration calibration during WHOTS-12
(mili°C)

1.5 SBE-37-1834 21-Oct-14 11-Nov-16 0.37
1.5 SBE 371841 29-0ct-14 11-Nov-16 -0.26

7 SBE 373617 27-Sepl4 4-Aug-16 1.00

15 SBE 376893 30-Sepl4 6-Aug-16 0.50

25 SBE 376894 2-Oct-14 5-Aug-16 0.87

35 SBE 376895 30-Sepl4 5-Aug-16 0.94

40 SBE 376896 1-Oct-14 5-Aug-16 0.99

45 SBE 376887 18-Sepl4d 4-Aug-16 1.17

50 SBE 376897 1-Oct-14 10-Aug-16 0.73

55 SBE 376898 30-Sepl4 5-Aug-16 1.01

65 SBE 376899 30-Sepl4 5-Aug-16 0.38

75 SBE 373618 15-Oct-14 4-Aug-16 1.12

85 SBE 373634 30-Sepl4 4-Aug-16 0.95

95 SBE 373670 15-Apr-15 4-Aug-16 0.85
105 SBE 376889 2-Oct-14 6-Aug-16 0.95
120 SBE 376890 27-Sepl4 6-Aug-16 1.08
135 SBE 376888 2-Oct-14 6-Aug-16 0.68
155 SBE 376891 30-Sepl4 10-Aug-16 0.78
WHOTS 12 Data Report 20




SBE 379988
SBE 3#10602

0.19
0.32

4722 (36 mab

4722 36 mab
* mab = meters abovihe bottom

11-Apr-13
23-Mar-13

5-Aug-16
8-Nov-16

1. Internal Clock Check and Missing Samples

Beforethe WHOTS12 mooringdeployment anditer its recovery(before tle data logging
was stoppeq the MicroCATstemperature sensorgere placed ircontact with an ice pacto
createa spike in the data, to check for gopblens with thear internal clocls, and forpossible
missingsamples Table 3-3). The cold spike was detected bgwdden decrease in temperature.
For all the instruments, tledock time of this event matched correctly the time of the spike (within
the sampling interval of each instrument). No missing samples were detected for any of the
instruments.

2. Pressure Drift Correction and Pressure Variability

Some of the MicroCATs uskin the moorings were outfitted with pressgensors Table
3-1). Biases weraletected in the pressure sensors by comparing #uedapressure readings
(which should be zero for standard atmospheric pressuseaaievel of 1029 mbat)efore
deployment and after recovefyable5-2 shows the magnitude of the bias for each of the sensors
before and after deployment. To correct for this offset, a linear fit betweenttakand final on
deck pressure offset as a function of time was obtained, and subtracted from eachrggmsor.
5-1 shows the linearly corrected pressures measured by the MicroCATs diheng/HOTS12
deploymentFor all the sensors, the mean difference from the nominal instrument pressure (based
on the deployed depth) was less than 1 dbar. The standard deviation of the pressure for the duration
of the record was also less than 1 dbar for all sensors, with ¢perdeensors showingshghtly
larger standard deviation. The range of variabilitydibsensors was about = 3 dbar

The causes of pressure variability can be several, including density variatitres water
column above the instrumentorizontal dpamic pressure (not only due to the currents, but also
due to the motion of the mooring); mooring position, é&ee WHOTS Data Repdlf Santiage
Mandujano et al., 2007

Table5-2. Pressure bias of Micro&Ts with pressure sensor.

Deployment | Depth (m) | SeaBird Serial # Bias before deployment| Bias after recovery
(dbar) (dbar)
WHOTS12 | 45 37SM314866887 0.1 0.04
WHOTS12 | 95 37SM314863670 0.05 -0.30
WHOTS12 | 105 37SM314866889 0.14 0.14
WHOTS12 | 120 37SM314866890 0.07 0.06
WHOTS12 | 135 37sM314866888 0.40 0.40
WHOTS12 | 155 37SM314866891 0.06 0.06
WHOTS12 | 4722 37SM3148610602 0.15 0.00
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WHOTS-12 MicroCAT linearly corrected pressure
and nominal pressure (dashed lines)

0 1 1 \
20+ -
40 .
Mean (p6887-45) = -0.52 dbar | | !t. Dev. (p6887-45) = 0.56 dbjar
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Y 80 —sn68914|
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(0]
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e el e P i s Wb
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Mean (p6889-105) = -0.75 dbar St. Dev. (p6889-105) = 0.74 dpar
120
bar
140 bar
160

Figure 5-1. Linearly corrected pressures from MicroCATs dagriwHOTSL2 deployment. The horizontal
dashed | ine is the sensor6s nominal pressure, based
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3. Temperature Sensor Stability

The MicroCATand SeaCATemperature sensors were calibrated atEBehbeore and after
each deploymentaand thei annual driftevaluatios are shown ifable5-1. These values turned
out to be ingnificant (not higher thard.2 milli °C) for all sensorsComparisons between the
MicroCAT and CTDdata from casts conducted néfae mooring during HOT cruises confirmed
that the temperature drift of thest of themooral instruments was insignificanThe two
MicroCATs deployed near the bottom were drift correcteidure5-2 (upper panel) shows the
temperature differences between both instruments before and after the corrédteonthe
correction the temperature differences waetveen 0 and dilli °C.

Temperature comparissrbetween one of the WHOTR nearsurface MicroCATs (SN
1834 and thefour RBR surface temperature sensar the buoy hull(Table 3-1) areshown in
Figure5-2 andFigure5-3. Threeof the RBR instrumenteturned full recordanstrument76108
started showing some bias with respect to the Micro@&&r November 2015and itstopped
returring any datan February2016.None of theotherinstruments show any obvious bias when
compared to the Mic@at measurements.

WHOTS-12 Temperature Differences (Buoy’s hull T-sensor 76108 - 1.5 m Microcat 1834)
0.5 T I I | T I T T | T

Temperature ("C)
[=1

-0.5 I I i i I I | I I I I
Augl5 Sepl15 Octl5 MNovld Decld Janl6 Febls Marl6 Apri6 Mayl6 Junlé

WHOTS-12 Temperature Differences (Buoy’s hull T-sensor 76102 - 1.5 m Microcat 1834)
T ! ! | ! T I T ! T

Temperature ("C)

0.5 I | I I I I I I | I I
Augl5 Sepl5 Octl5 Novis5 Decl5 Janl6 Febls Mar1i6  Apri6 Mayl6  Junlé

Figure 5-2. Temperature difference between MicroCAT SN 1834 at 1.5 m, anduréace temperature sensors SN
76108(top panel)and 76102 bottom panelduring the WHOTS12 deployment. The light blue line is a-R2dur
running mearof the differences.
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WHOTS-12 Temperature Differences (Buoy’s hull T-sensor 76109 - 1.5 m Microcat 1834)
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WHOTS-12 Temperature Differences (Buoy's hull T-sensor 76103 - 1.5 m Microcat 1834)
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Figure 5-3. Temperature difference between MicroCAT 884lat 1.5 m, and neasurface temperature sensors SN
76109 (op panel),and 76103 (bottom panelduring the WHOTS12 deploymeh Thelight blueline is a 24hour
running mean of the differences.

In addition to the temperature sensors in theBehand the RBR instrumentthere were
additional temperature sensors in YHdCMs (at 10 and 30 m), and in the ADEJRt47.5 m and
125 m). In order to evaluate the quality of the temperatures from these sensors, comparisons with
the temperatures from adjacent MicroCATs were conducted.

Comparisons with VMCM and ADCP t emperature sensors

The IGmMVMCMés r ot or s st op pseedAppendix &),cahdatb temperd@udel 5 (
sensor malfunctioned and did not return any data.

Temperature differences between thenl8WMCM and the adjacent MicroCATs at 25 and
35-m during WHOTS12 are shown irFigure5-4. For comparison, the differences between the
MicroCATs temperatures are also shawithelower panel Thetemperatures after October 2015
indicate thathe VMCM had an offset, and it was measurtegiperaturesbout 0.1 lower than
those from théwo MicroCATSs (top and middle plots
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Temperature differences between the 4A.ADCP and the temperatures from adjacent
MicroCATs at 45 and 5n during WHOTS12 are shown irFigure 5-5. For comparison, the
differences beveen the MicroCATs temperatures are also shiovthe lower panelThese plots
indicate that there was no offset in the 4nADCP with respect to the adjacent MicroCATSs (top
and middle plots).

Temperature differences between the -t25ADCP and the tengpatures from adjacent
MicroCATs at 120 and 13 during WHOTS12 are shown irFigure5-6. For comparison, the
differences between the MicroCATs temperatures are also shatve lowerpanel It is difficult
to asess the quality of the ADCP temperature from these comparisons, as these sensors were
located at the top of the thermocline, where we expect to find large temperature differences
between adjacent sensors. However, an indication of the quality of the #DfpBratures is given
in the upper panel plot, which shows temperatures fluctuating closely around zero.

WHOTS 12 Data Report 25



WHOTS-12 Temperature Difference (25 m MicroCAT - 30 m VMCM)
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Figure 5-4. Temperature difference between then2®licroCATand the 36m VMCM (upper panel); betweethe
35-m MicroCATand the 3ém VMCM(middle panel); and between the-2band the 38n MicroCATSs (lower pangl
during the WHOTS.2 deploymentThelight blueline is a 24hour running mean of the differences.
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WHOTS-12 Temperature Difference (45 m MicroCAT - 47.5 m ADCP)
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Figure 5-5. Temperature difference between therd®icroCATand the 47.5m ADCP(upper panel); between the
50-m MicroCATand the 47.5m ADCP(middle panel); and between the-Aband the 56n MicroCATSs (lower pangl

during the WHOTS.2 deploymentThelight blueline is a 24hour running mean of the differences.
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WHOTS-12 Temperature Difference (120 m MicroCAT - 125 m ADCP)
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Figure 5-6. Temperature difference between the-i?MicroCATand the 12E6m ADCP(upper panel); between the
135m MicroCATand the 125m ADCP(middle panel); and between the t&0and the 13%n MicroCATs (lower
panel)during the WHOTS.2 deploymeniThelight blueline is a 24hour running mean of the differences.
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4. Conductivity Calibration

The results of the SeBird postrecovery conductivity cdrationsshowedthat some of the
MicroCAT conductivity sensors experienced relatively large offsets from thekdpptoyment
calibration. These were qualitatively confirmed by comparing the mooring data against CTD data
from casts conductdaetween 200 nand 5 km fromthe mooring during HOT cruises. The causes
of the conductivity offsets are not clear, and there may have been multiple (saesEseitag et.
al, (1999) for a similar experience with conductivity cells during COARB) some instruments
the offset wasegative caused perhaps by biofouling of the conductivity cell while for others the
offset wagpositive caused possibly by scouring of the inside of the conductivitymedkible by
the continuous up and down motion of the instrument iatamdant field of diatomsA visual
inspection of the instruments after recovery did not show any obvious signs of biaf@ulthg
there were no cell scouriageported in the posecoveryinspectionsat SeaBird. One of the
instruments(65 m) was recowered withoutits cell guard, and withouits anti-fouling device
however this instrumentods drift was similar t
this depth

Corrections of the MicroCATs conductivity data were conducted by comparingaiieimst
CTD data from profiles and ygo casts conducted near the mooring during HOT cruises, and
during deployment/recovery cruises. Casts conducted between 200 and 1000 m from the mooring
were given extra weight in the correction, as compared to thosicied between 1 and 5 km
away. Casts more than 5 km away from the mooring were not used. Given that the CTD casts are
conducted at least 200 m from the mooring,aignmentetween CTD and MicroCAT data was
done in density rather than in depfior cages in whichthealignmentin density was not possible
due tolarge conductivity offset (causingunrealistic mooring density valuesalignmentin
temperature space was done. A cubic legstires fit(LSF) to the CTDMicroCAT/SeaCAT
differences againstrtie was applied as a first approximation, and the corresponding correction
was applied.

Some of the sensors had large offsets and/or obvious variability that could not be explained
by a cubid_SF (see below). For these sensors, a stepwise correcticapphsd matching the data
to the available CTD cast data, atmekn using the differences between consecutive sensors to
determine when the sensor started to drift. For instance, during periods of weak stratification the
conductivity difference between néigoring sensors A, B, anddouldreach nearero values, in
particular for instruments near the surface, which are theranstprone to suffer conductivity
offsets. A sudden conductivity offset observed during this period between sensors A and B, but
not between sensors A andcGuldindicate the beginning of an offset for sensor B.

Given that the deepest instrumeaitghe mooring are less likely to be affected by biofouling
and consequent sudden conductivity drift, the deep instruments served dsrafgance to find
any possible malfunction in the shall ower one
was corrected first, and the correction was continued sequentially upwards toward the shallower
ones.
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As a quality control to the condudty corrections, the buoyancy frequency between
neighboring instruments was calculated using finite differenC&r or undercorrected
conductivities yielded instabilities in the water column (negative buoyancy frequency) that were
easy to detect and wee obviously not real when lasting for several days. Based on this, the
conductivity correction of the corresponding sensors was rewised needed

Corrections of the deemicroCATs conductivity data were conducted following similar
procedures as foné shallow instrumentby comparing them against CTD data from Aegattom
profiles conducted during HOT cruises.

Another characteristic of the offsets in the conductivity sensaisat their developmenmns
not always linear in timeand their behavrocan be highly variablésee WHOTS Data Report 1,
SantiageMandujano et al., 2007).

A correction waslsoapplied to the deeblicroCATs conductivities. Both instruments were
deployed at the same depth722 m). Comparisons with nedoottom CTD data shwed that
instrumentSN 10602had a largeffsetafter January 201@eeFigure5-7), and a correction was
applied using HOT cruise CTD datAfter correction, the salinity differences betweenhbot
instruments were in the-8.02 gkg range andthe salinitiesrom sensoiSN 10602still showed
large fluctuationsas compared to its paired MicroCAfhe conductivities from this instrument
were flagged abad

The corrections applied to each of the conductivity sensors during WHQGT&h be seen in
Figure5-8. Most of the instrumesthad a drift of less than 0®Siemens/m for the duration of
the deployment, which was corrected with a linear or cubic-sepsdres fitSensors SN B34,
and 183 had large offsts (0.35 and 0.08 respectively), which were corrected using CTD data
from HOT cruises.
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X 1073 WHOTS-12 deep temperature differences (SN 10602- SN 9988)
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Figure 5-7. Temperature differences (top panel), and salinity differences (bottom panel) between S&#BAT
and #988during WHOTSI12. The blue (red) lines are the differences before (after) correcting the data following
procedures indicated in the text.
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Figure 5-8a. Conductivity sesor corrections for MicroCATduring WHOTS12
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