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|. 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 Feeees (HOT) Station ALOHA (22°45'N,
158°W) to provide sustained, higfuality airsea fluxes and the associated upper ocean response
as a coordinated part of the HOT program, and as an element djldbal array of ocean
reference stations supported by t he Nati ona
(NOAA) Office of Climate Observation.

With support frorNOAA and the National Scree 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 provide lotigrm, highquality airsea fluxes as a coordinated part
of the HOT program and contriteito the goals of observing heat, freshwased chemical
fluxes at a site representative of the oligotrophic North Pacific Ocean. The approach is to
maintain a surface mooring outfitted for meteorological and oceanographic measurements at a
site near Sttion ALOHA by successive mooring turnarounds. These observatieriseing used
to investigate aisea interaction processes related to climate variahititychange

Theoriginal mooring system is described in the mooring deployment/recovery cepisgs
(Plueddemann et al., 2006; Whelan et al., 2007). Briefly, a Surlyn foam surface buoy is equipped
with meteorological instrumentation including two complete-@@a Interaction Meteorological
(ASIMET) systems(Hosom et al.(1995, Colbo and Weller 2009), measuring air and sea
surface temperatures, relative humidity, barometric pressure, wind speed and direction, incoming
shortwave and longwave radiation, and precipitation. Complete surface meteorological
measurements are recorded every minute, easlined to compute agea fluxes of heat,
freshwaterand momentum. Each ASIMET system also transmits hourly averages of the surface
meteorological variables via the Argos satellite systerd via iridium The mooring line is
instrumented in order to celtt time series of upper ocean temperatwamities andvelocities
with the surface forcing record. Thimsooring includesconductivity, salinity and temperature
recordersiwo Vector Measuring Current Meters (VMCMsndtwo Acoustic Doppler current
profilers (ADCPs). See th&VHOTS-14 mooring diagram ir.

The subsurface instrumentation is locatexitically to resolve theemporal variations of
shear and stratification in the upper pycnocline to sughestudy of mixed layer entrainment.
Experience with moored profiler measurements near Hawaii suggests that Riclsardstrer
estimates over 10 m scales are adequ@dity is crucial to water mass stratificatioas sak
stratified barrier layers are observed at HOT and in the region (Kara et al., 2008¥)eaBird
MicroCATSs with vertical separation ranging fror28 mwere usedo measure temperature and
salinity. A Teledyne RD Instruments(TRDI) ADCP obtairs current profiles across the
entrainment zone andnother inthe mixed layer.Both ADCPs are in an upwareooking
configuration one isat 15 m, using 4 m binsand the other ista7.5 m using 2 m binslo
provide neassurface velocity (where the ADCP estimata® lessreliable) we deploy two
VMCMs. Thesimplemooring design is a balance between resolving extremes \hesypical
annual cygling of the mixed layer (see WHOTBata Report 22, Santia@-Mandujano et al.,
2007).
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MAX. DIA. BUOY WATCH CIRCLE = 4.4 N.Miles

2.7 m Surlyn Buoy with
(2) IMET/ARGOS Telemetry w/ Sonic Wind,
XEOS GPS, SBE 39AT, Lascar At/H
VAISALA WXT 520,PCO2, SAMI, SBE 16,
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@| 578 Chain Shackie, 7/8" EndLink. 65 m MicroCat clamped to wire 45.9 m mark 95 meters"
7/8" Anchor Shackle 55.9 m mark "105 meters"
75 m@ MicroCat clamped to wire 70.9 m mark "120 meters”
@] (1) 1.25" Master Link, (1) 5/8" Ch Sh.
(1) 7/8" End Link, (1) 7/8" Anc Sh 85 m MicroCat clamped to wire
95 m MicroCat w/ pressure clamped to wire
H?TZIWTE ';EQU'R)ED 105 m MicroCat w/ pressure clamped to wire
ncludes Spares
(2) 1" Chain Shackles 120 m MicroCat w/ pressure clamped to wire
(1) 1" Anchor Shackles
2) 1" Weldl End Link i
E2§ 1 25'9 M::tser "Linkm 125 m| RDI ADCP in cugzeﬁo m 3/8" Wir Top and bottom to be clearly
ran marked.
Eg()]) 7438}&2?;;;"5;‘::3 Mark Reel for identification
(60) 374" Chain Shackles 135 m I MicroCat w/ pressure clamped to wire :éss'“n_'::;rkk"_?f:s':f:g;;
(5) 3/4" Anchor Shackles -
(60) 5/8" Chain Shackles
155 ' MicroCat w/pressure clamped to wire
500 m 3/8" Wire
500 m 3/8" Wire
g 500 m 3/8" Wire
Special Wire/Nylon Termingtion <<= 100 M 3/8" Wire ane piecs, pottsd termination

200 m 7/8" Nylon

® w/ thimble on bottom
2100 m 7/8" Nylon

thimble on top :>_one piece, to be

Y 1500 m 1" Colmega pliod at o0

8 1 Glass Balls on 1/2" Trawler Chain
2 — SBE 37 (WHOI) mounted to 1" Ti Load Bar
UH (1), WHoI (1) 5 m 1/2" Travler Chain

?ualedh Acougtﬂc Rleleusel‘Elf;G Model 8242
chain with release links 5 m 1/2" Trawler Chain

20 m 1" Samson Nystron
5 m 1/2" Trawler Chain

Water D
S,

WHOTS MOORING
14 th Deployment - v2

Figure I-1. WHOTS14 mooring design.



The fourteenthWHOTS mooring (WHOTSL4 mooring) was deployedn June 28", 2017,
during anine-day cruis§WHOTS-14 cruise) and wasrecovered n September 26 2018 during

a nine-day cruise (WHOTSL5 cruise) both cruisesvereaboard theNOAA ShipHi 61 aA ak ai

fifteenth mooring (WHOTS15 mooring) was deployed during the WHOTIS cruise;to be

recovered irDctober2019.

This report documents and describes the oceanographic observations madeldfi the
WHOTS mooringduring nearly one year, and from shipboandasurementguring the two
cruises when the mooringas deployed and recovered. Sectidhsand Il include a detailed
descriptionof the cruises and the mooringspectively Sampling and processing procedures of
the hydrographic casts, thermosalinograph, and shipboard ADCP data collectedtloesig
cruises aredescribedn SectionlV. SectionV includes the processing procedures for the data
collected by the moored instruments: SeaCATs, MicroCAMMCMs, and moored ADC®

Plots of the esulting data and preliminagnalysis ar@resentedn SectionVI.

Il. Description ofthe WHOTS-14 Mooring Cruises

A. WHOTS-14 Cruise: WHOTS-14 Moo

The Woods Hole Oceanographic Institution UpEer Ocean Processes Group (WHOI/UOP),
with the assistance of the UH groumnducted thel4

ring Deployment

deployment of the WHOTS mooring

onboard thdNOAA ShipHi 6 i adlriagkttee iWHOTS14 cruisebetweenuy 26™ and August
3 2017. The WHOTS14 mooring was deployed at HOT Statio® &n Juy 28", 2017, and the

anchor was droppedt 0219 UTC at 22° 4€.160 N,

participatedn the cruise are listed ihablell-1.

16800 AVScientific personnelwho

during

Tablell-1. Sci enti fic per sonnelWHDORNS1SEdeplopmekt créise.al a k a i
Cruise Name Title or function Affiliation
Weller, Robert Chief Scientist WHOI
Hasbrouck, Emerson Deck and Instruments WHOI
Adams, Samantha TeacheratSea WHOI
Clabaugh, Abby Undergrad Summer Fellow WHOI
Blomquist, Byron ESRL Meteorologist NOAA
Snyder, Jefrey Marine Electronics Technici UH
SantiageMandujano, Fernand Research Associate UH
WHOTS 14 King, Andrew Research Associate UH
Rosburg, Kellen Research Associate UH
Natarov, Svetlana ResearclAssociate UH
Hebert, Garret Undergraduate Volunteer UH
Howins, Noah Undergraduate Volunteer UH
Maloney, Kelsey Student Assistant UH

TheUH group conducted the shipboard oceanographic observations during the cruise

t
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A SeaBird CTD (conductivity,temperatureand depth) system was used to measure T, S,
and Q profiles during CTD casts. The time, location, and maximum CTD pressure for each of
the profiles are listed imablell-2

Thirteen CTD casts were conducted during the WH&#Sruise. CTD profile data were
collected at Station 50 (near the WHQTS buoy), and Station 52 (near the WHGI4buoy).
A test cast was conducted at Station 20°80.76°N, 158°22.65 Woffshore of Makaha, Hlo a
depth of 1500 m in order to tetfireeacoustic releasefive 200 m yeyo castsand one cast to
3500 dbarwere conductedat both stationsat Station B for comparison with subsurface
instruments on the WHOTFS3 mooringbeforerecovery and at Station 52 for comparison with
subsurface instrunmés on the WHOTS.4 mooring just after deploymeriour of thefive yo-yo
casts consisted of five tgown cycles between 5 and 200 dbar each, and ong yeast
consisted oten cycles between 5 and 200 didaur water samples were taken from each cast
for salinity analysis at UHexceptfor Station 52 cas® due tothe bottles breaking upon
recovery For Station 52 cast 6, only three out of four depths were sampled because the lanyard
of one Niskin bottle was misplaced on the CTD carquaeadl no water wa collected at that
depth.

Tablell-2. CTD stations occupied during the WHQI&ccruise

Station/cast| Date Time Location Maximum
(GMT) (using NMEA data) pressure (dbar)
20/1 07/26/17 | 04:19 21°30.76 N, 158° 2.65 W 1525
52/1 07/28/17 | 16.08 22° B.84° N, 157° ®.13 W 216
52/2 07/28/17 | 1945 22° 3923 N, 157°58.8 W 210
52/3 07/2/17 | 00:01 22° 3920 N, 157° B.86 W 218
52/4 07/29/17 | 03:48 22° 39.09" N, 157° 59.06" W 494
52/5 07/29/17 | 07:52 22° 3934 N, 157° B.95 W 214
50/1 07/29/17 | 16:00 22° 4600 N, 157° %.81" W 216
50/2 07/29/17 | 1948 22° 4607 N, 157° .78 W 216
50/3 07/29/17 | 2346 22° 46.05N, 157° .76 W 214
50/4 07/30/17 | 0351 22° 4576 N, 157° 5639’ W 216
50/5 07/30/17 | 07:49 22° 46.96" N, 157° 5669 W 212
50/6 07/30/17 | 22:57 22° 45.61° N, 157° 55.93" W 3504
52/6 08/01/17 | 23:26 22°39.31" N, 158° 03.56" W 3212

Also, continuous ADCP andhearsurface thermosalinograph data were obtained while
underway.

The NOAA ShipHi 6 i awlasaekuapped with an RD Instruments Ocean Surveyor 75 kHz
ADCP, set to function in broadband and narrowband configurations. The configuration
information is shown imablell-3. The ADCP used input frorm&.G. Brown gyrometer and a
Furuno GP 90 GPS receiver to establish the heading and attitude of the ship, viplaaamx
POSMV4 system archived attitude data for use in-postessing.

A complete description of these operations is available in the WHIATSuise report
(Hasbroucket al., 2019).



Tablell-3.Conf i guration of the Ocean Surveyor 75kHz14ADCP on
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

Nearsurface temperature and salinity data during the WHOA $ruise were acquired
through the use of a thermosalinograph (TSG) system atloa@hipHi 6 i aTha d$em@sors
were sampling water from the continuous seawater system running through thehglyiwere
comprised of one thermosalinograph model SBESN 3155)and a micrehermosalinograph
model SBE45 (SN 4540403150, both with (internal) temperatirand conductivity sensors
|l ocated in the shipbs wet | a b-38(8N\b0Qlb)extehal m f r
temperature sensor located at the seawater intake. Th& 5B&orded data every 5 seconds,
and the other two instruments recorded @atery second. Thd i 6 i laak avkater intake depth
of 2 m | ocated at the bow of the ship, next
pressure gauge indicatdmbtween 16 and 1psi at the sampling spigot when the valve was
opened for samplingoth thermosalinograph systems had a debubbler.

Data from the SBE5 exhibited conductivity and temperature glitches, indicating a possible
problem with the system; SBEL data and calculated salinities were of good quality. The
records from the externahd internal temperaturegsors are also of good quality.

B. WHOTS-15 Cruise: WHOTS-14 Mooring Recovery

The WHOI/UOP Group conducted the mooring turnacbuoperations during the
WHOTS15 cruise betweerSeptember21® and 3¢, 2018. The WHOTS15 mooring was
deployed at StationGBon Septembep3™, 2018, 01:17 UTC at22° 45.94'N, 157 53.70 'W, and
the WHOTS14 mooring were recovered onSeptember 2% The scientific personnel that
participated during the cruise are listedrablell -4.

Tablell-4. Scientific personnel o A5 Quise pVHEOTKLS incorhgardcavery dur i ng t

Cruise Name Title or function Affiliation
Plueddeman, Albert Chief Scientist WHOI
Pietro, Ben Senior Engineering Assistant WHOI
Hasbrouck, Emerson Engineering Assistant WHOI
Greenwood, Ben Research Associate WHOI
Snyder Jefrey Marine Electronics Techniciar UH
WHOTS 15 SantiageMandujano, Fernant Research Associate UH
Natarov, Svetlana Research Associate UH
Hebert, Garret Undergraduate Volunteer UH
Howins, Noah Undergraduate Volunteer UH
Maloney, Kelsey StudentAssistant UH
Todd, James Program Manager CPO




The UH group conducted the shipboard oceanographic observations during the Aruise
complete description of these operations is available in the WHIBTBuise report $antiage
Mandujancet al, 2019).

A SeaBird CTD system was used to measure T, S, angr@files during CTD casts. The
time, location, and maximum CTD pressure for each of the profiles are listedlell -5

. Twelve CTD casts were conducted during the WHG@IBScruise from September 21
throughSeptember 36 2018. CTD profile data were collectezh Station 5(near the WHOTS
14 buoy), and Station®(near the WHOTS5 buoy). A test cast was conducted at Station 20
(2129.060 N 15080AR) of f s hor e toenfappiddanatabpsh,of 1500 m in order
to test three acoustic releas&@x CTD yoyo casts were conducted to dhtgrofiles for
comparison with subsurface instruments on the WHQ@F $ooring after deployment, and five
yo-yo casts were conducted for comparison with the WHQ®Z $nooring before recovery.
These casts were started less than 0.5 nm from the buoys wjihgvdrift during each cast and
consisted of 5 wlown cycledetween near the surface and 2Q

Water samples were taken from all casts; 4 samples for each of them. These samples were to
be analyzed for salinity at UH and used to calibrate the CTDuobindy sensors.

Tablell-5. CTD stations occupied during the WHQIS cruise (WHOTS4 mooring recovery).

Station/cast Date Time . Location Maximum
(UTC) (using NMEA data) pressure (dbar)
20/1 09/22/2018| 03:19 21°29.06" N, 158° 22.04" W 1518
52/1 09/23/2018| 15:52 22° 41.69° N, 157° 56.44" W 202
52/2 09/23/2018| 19:52 22° 41.62° N, 157° 56.63" W 204
52/3 09/23/2018| 23:57 22°41.73" N, 157° 56.91" W 204
52174 09/24/2018| 03:53 22°41.87° N, 157° 56.45 W 204
52/5 09/24/2018| 07:46 22° 41.65" N, 157° 56.58" W 204
50/1 09/25/2018| 15:52 22° 47.28" N, 157° 52.64" W 202
50/2 09/25/2018| 19:54 22° 47.59" N, 157° 52.43" W 204
50/3 09/25/2018| 23:57 22° 47.28" N, 157° 52.78" W 204
50/4 09/26/2018| 03:55 22° 47.37" N, 157° 52.25" W 204
50/5 09/26/2018| 07:50 22° 47.25 N, 157° 52.45" W 204
50/6 09/28/2018| 15:51 22° 44.21° N, 157° 53.37" W 214

Also, continuous ADCP anchearsurface thermosalinograph data were obtained while
underway.

TheNOAA ShipHi 6 i aMasaekuipped with &RDI Ocean Surveyor 75 kHz ADCP, set

to function in broadband and narrowband configuratioftse configuration information is
shown inTablell-6. The ADCP used input frorneS.G. Brown gyrometer and a Furuno GP 90

10



GPS receiver to establish the heading and attitude of the while an Applanix POSMV4
system archived attitude data for use in gwstessing.

Tablell-6. Conf i guration of the Ocean Surveyor 75kHzI5ADCP on
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

Nearsurface temperature and salinity data during the WHOZ Sruise were acquired
through the use of a thermosalinograph (TSG) system aboardHShip i aThea derssaors were
sampling water from the continuous seawater system running through the shiweend
comprised of one thermosalinograph model SBESN 3155) and a micithhermosalinograph
model SBE45 (SN 45404030150), both with (internal) temperature and conductivity sensors
|l ocated in the shipbs wet | a b-38(aN\bO@Ub)textdnal m f r
temperature sensor located at the seawater intake. Th& 5B&orded data every 5 seconds,
and the other two instruments recorded data every seconél iThe i laak avkater intake depth
of 2 m located at the bow of the ship, nexttthh e st ar board side bow th
pressure gauge indicated between 16 and 17 psi at the sampling spigot when the valve was
opened for samplingoth thermosalinograph systems had a debubbler.

Both thermosalinographs exhibiteadany conductivityand temperature glitches, especially
the SBE21. The temperature differences between the internal-&BEnd SBE21 were
between 0.4 and 0.8 ?CHowever the computed salinity differences between these two
instruments wrebetween0.03 and 0.03 g/kg.

Ill.  Description of WHOTS-14 Mooring

The WHOTS14 mooring, deployed oduy 28", 2017f r om N GHphlo © i awas k a i
outfitted withtwo complete sets of ASIMET sensans the buoyand underneattand subsurface
instrumentsfrom 7 to 155 m depthand near thédottom See Hasbrouckt al (2019) for a
complete description of the bushhe WHOTS14 recovery orSeptembe27", 2018, resulted in
about425days on station.

The buoy tower also contains a radar reflector, two marine lanterns, andahadsdium
satellite transmission systems that provide continuous monitoring of buoy position. A Xeos Melo
Global Positioning System (GPS) receiver, an S8Hemperature sensor adapted to measure air
temperature and a Vaisala W>oB6 multi-variable (temperature, hudiiy, pressure, wind, and
precipitation) were also mounted on the tower. A fourth positioning sysksns(Sable
transmitter) was mounted beneath the hull. Several other instruments were mounted on the buoy.
A Battelle pCQ system, a pumped SBE6 CTD, anch SEAFET pH sensor were mounted to the
underside of the buoy.A SeaBird SBE63hosteda dissolved oxygen sensor. Three dewn
looking radiometers were mounted on the buoy. One hyperspectral sensor is mounted facing
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upward near the radiometers as a refegefor theincoming spectral irradiancé Wetlabs
ECOFLNTUSchlorophyll fluorometer was also mounted on the buoy. hull

Four internallylogging SeaBird SBE56 temperature sensors and two SBEMicroCATs
were bolted to the underside of the buoy hull measuring sea surface temperature (SST) and
salinity. TheSBE56s measured SST once every 60 sec eetwd090 cm below the surface,
and the MicroCATs were at 1.51 (seeTablelll -2).

Instrumentatio provided by UH for the WHOT&4 mooring included16 SBE37
Microcats, and two RDI Workhorse ADCB, transmitting in300 kHz600 kHz respectively
The Microcats all measured temperature and conductivity, saten of them measuring
pressure.All MicroCATs were deployed with antifoulant capsulekr addition to the
instrumentation on the buoy, WHOI providedo Vector Measuring Current Meters (VMCMs
two deep Micreats (SBE37) installed near the bottom of the mooringnd all required
subsurface mooring hardware

Tablelll -1 providesa listing of the WHOTSL4 subsurface instrumentati@t their nominal
depths on the mooring, along with serial numbers, sampling, rate$ other pertinent
information. A cold water spike was induced to thiéd MicroCATs before deploymeriTable
ll1-1) and after recoveryTable 1ll-4) by placing an ice pack in contact with their temperature
sensor to check for any drift in their internal clotk. produce a spike in the ADCP dagach
i nstrument 6s t rgamlysbyhacddor 20 wegm(BableshllEBellt5).

The RDI 300 kHz Workhorse Sentinel ADCEN 4891, with an additional external battery
pack, was deployed at 125 m with transducers facing upwards. The instrument was set to ping at
4-second intervals f0160 seconds every 10 minutes. This burst sampling was designed to
minimize aliasing by occasional large ocean swell orbital motidine binsize was set for 4 m.
The total number of ensemble records was 62,355. The first ensemble was at 07/24/2017
00:00:00Z, and the last was at 09/30/2018 00:1%:&0 (seeTablelll -3 andTablelll -5 for more
configuration) This instrument also measured temperature.

The RDI 600 kHz Workhorse Sentinel ADCP, 1825 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 samplindesigaed to
minimize aliasing by occasional large ocean swell orbital motidine binsize was set fo2 m.
The total number of ensemble records was 62,075. The first ensemble was on
07/26/201700:00:00Z, and the last was on 09/30/2018 01:39:58@6Zablelll -3 and Table
[11-5 for more configuration This instrument also measured temperature.

The twoVMCMs, SN42 and68, were deployed at 1t and 30 m depthrespectivelyThe

instruments were prepared for deployment by the WHOI/UOP group and set to sample at 1
minute intervals. These instrumeatso measured temperature.
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Tablelll -1. WHOTS14 mooring subsurface instrument deployment information. All times are in UTC.

Depth Pressure Sample . . . . L
SN: Instrument (m) SN Interval Start Logging Data Cold Spike begin Cold Spike end Time in Water
(sec)
3617 MicroCAT 7 N/A 180 7/24/17 | 00:00:00 | 7/25/17 | 02:36:00 | 7/25/17 | 03:00:00 | 7/27/17 | 18:29:00
18:25:00
042 VMCM 10 N/A 60 7/27/17 | 00:00:17 | 7/27/17 * N/A N/A 7/27/17 | 18:26:00
6893 | MicroCAT 15 N/A 60 7/24/17 | 0:00:00 | 7/25/17 | 02:36:00 | 7/25/17 | 03:00:00 | 7/27/17 | 18:19:00
6894 MicroCAT 25 N/A 60 7124/17 0:00:00 7/25/17 | 02:36:00 | 7/25/17 | 03:00:00 [ 7/27/17 | 18:15:00
18:10:00
068 VMCM 30 N/A 60 7/26/17 | 19:54:.00 | 7/27/17 * N/A N/A 7/27/17 | 18:10:00
6895 MicroCAT 35 N/A 60 7/24/17 | 0:00:00 | 7/25/17 | 02:36:00 | 7/25/17 | 03:00:00 | 7/27/17 | 18:07:00
6896 MicroCAT 40 N/A 60 7124/17 0:00:00 7/25/17 | 02:36:00 | 7/25/17 | 03:00:00 [ 7/27/17 | 18:04:00
6887 MicroCAT 45 2651319 75 7/24/17 | 0:00:00 | 7/25/17 | 02:36:00 | 7/25/17 | 03:00:00 | 7/27/17 | 18:02:00
600 kHz See See
1825 ADCP 475 N/A 600 7/26/17 | 00:00:00 N/A Table 2 N/A Table 2 | 7/27/17 | 19:30:00
6897 MicroCAT 50 N/A 60 7124/17 0:00:00 7/25/17 | 02:36:00 | 7/25/17 | 03:00:00 [ 7/27/17 | 19:31:00
6898 MicroCAT 55 N/A 60 7124/17 0:00:00 7/25/17 | 02:36:00 | 7/25/17 | 03:00:00 [ 7/27/17 | 19:33:00
6899 MicroCAT 65 N/A 60 7/24/17 | 0:00:00 | 7/25/17 | 02:36:00 | 7/25/17 | 03:00:00 | 7/27/17 | 19:35:00
3618 MicroCAT 75 N/A 180 7/24/17 | 0:00:00 | 7/25/17 | 02:36:00 | 7/25/17 | 03:00:00 | 7/27/17 | 19:36:00
3634 MicroCAT 85 N/A 180 7/24/17 | 0:00:00 | 7/25/17 | 02:36:00 | 7/25/17 | 03:00:00 | 7/27/17 | 19:38:00
3670 MicroCAT 95 5701 240 7/24/17 | 0:00:00 | 7/25/17 | 02:36:00 | 7/25/17 | 03:00:00 | 7/27/17 | 19:40:00
6889 MicroCAT 105 2651321 75 7/24/17 | 0:00:00 | 7/25/17 | 02:36:00 | 7/25/17 | 03:00:00 | 7/27/17 | 19:42:00
6890 MicroCAT 120 2651322 75 7/24/17 | 0:00:00 | 7/25/17 | 02:36:00 | 7/25/17 | 03:00:00 | 7/27/17 | 19:54:00
300 kHz See See
4891 ADCP 125 N/A 600 7/24/17 | 0:00:00 N/A Table 2 N/A Table2 | 7/27/17 | 19:55:00
6888 MicroCAT 135 3418742 75 7/24/17 | 0:00:00 | 7/25/17 | 02:36:00 | 7/25/17 | 03:00:00 | 7/27/17 | 19:57:00
6891 MicroCAT 155 2651323 75 7/24/17 | 0:00:00 | 7/25/17 | 02:36:00 | 7/25/17 | 03:00:00 | 7/27/17 | 19:59:00
39m off
9988 MicroCAT bottom N/A 60 7/24/17 | 0:00:00 | 7/25/17 | 02:36:00 | 7/25/17 | 03:00:00 | 7/28/17 | 02:02:00
39m off

10602 | MicroCAT bottom 10602 60 7/20/17 | 1:00:00 | 7/25/17 | 02:36:00 | 7/25/17 | 03:00:00 | 7/28/17 | 02:02:00

Tablelll -2. WHOTS14 MicroCAT and SBB6 Temperature Sensor Information. All times stated are in UTC.

Instrument | SN | Depth (m) | Sample Interval (sec)

SBE56 | 7215 0.8 60

SBE56 7214 0.9 60

SBE56 | 7213 0.8 60

SBE56 7212 0.8 60
MicroCAT | 1834 1.5 60
MicroCAT | 1841 1.5 60

Tablelll -3. WHOTS14 mooring ADCP deployment aodnfiguration 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 Ensemble 40 80
Time between Ensembles 10 min 10 min
Ping interval 4 sec 2 sec
Time of First Ping 07/24/17, 00:00:00 07/26/17, 00:00:0(
Transducer 1 Spike Time 07/26/17, 00:30:00 07/26/17, 00:30:0(
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Transducer 2 Spike Time 07/26/17, 00:30:15 07/26/17, 00:30:15

Transducer 3 Spike Time 07/26/17, 00:30:30 07/26/17, 00:30:3(

Transducer 4 Spike Time 07/26/17, 00:30:45 07/26/17, 00:30:45

Time in Water 07/27/17, 19:55:00 07/27/17, 19:30:0(
Depth (m) 125 m 47.5 m

All WHOTS-14 instruments were successfully recovenmegtoveryinformation for the €T
instruments ishownin Tablelll-4. Most of the instruments had some degree of biofouling, with
themost substantidbuling near the surfac&he fouling extended down to tHEDCP at 125 m,
although it was minor at that level.

All MicroCATs were in good condition after recoverylicroCAT 6896 (40 m) had a
barnacle attached at the top end of its conductivity cell, partially blocking the #od
MicroCAT 6894 (25 m) had itsantifouling plug slightly displacedThe data from all
instruments were downloaded onboard the ship, and all instruments redtlirdada records. A
postcruise evaluation showed no missing samples in all the MicroCATs and both AD&tes.
[Il-4 hasan initial evaluatiorof the dataguality; more detailsare inSection

Tablelll-4. WHOTS14 MicroCATrecovery Information. All times stated are in UTC.

Depth
(m)

SeaBird
Serial #

Time out of
water

Time of Spike

Time Logging
Stopped

Samples
Logged

Data
Quality

7

SBE 373617

9/27/18 01:45:0

9/27/18 05:21:0

9/27/1806:55:0(

206538

Good

15

SBE 376893

9/27/18 01:49:0

9/27/18 05:21:0

9/28/18 04:34:0

620915

Good

25

SBE 376894

9/27/18 01:54:0

9/27/18 05:21:0

9/28/18 04:29:3

620910

Good

35

SBE 376895

9/27/18 01:58:0

9/27/18 05:21:0

9/29/18 01:11:3

622153

Good

40

SBE 376896

9/27/18 01:59:0

9/27/18 05:21:0

9/28/18 01:05:0

620706

Good

45

SBE 376887

9/27/18 02:03:0

9/27/18 05:21:0

9/28/18 04:32:0

496730

Good

47.5

ADCP-1825

9/27/18 00:34:0

N/A

9/30/18 01:42:0

62074

Good

50

SBE 376897

9/27/18 00:34:0

9/27/18 05:21:0

9/27/18 06:32:0

619593

Good

55

SBE 376898

9/27/18 00:33:0

9/27/18 05:21:0

9/27/18 06:27:3

619589

Good

65

SBE 376899

9/27/18 00:32:0

9/27/18 05:21:0

9/27/18 06:39:0

619600

Good

75

SBE 373618

9/27/18 00:25:0

9/27/18 05:21:0

9/27/18 06:58:0

206538

Good

85

SBE 373634

9/27/18 00:24:0

9/27/18 05:21:0

9/27/18 06:52:3

206537

Good

95

SBE 373670

9/27/18 00:23:0

9/27/18 05:21:0

9/27/18 06:49:0

154902

Good

105

SBE 376889

9/27/18 00:23:0

9/27/18 05:21:0

9/27/18 06:15:0

495660

Good

120

SBE 376890

9/27/18 00:21:0

9/27/18 05:21:0

9/27/18 06:18:0

495663

Good

125

ADCP-4891

9/27/18 00:19:0

N/A

9/30/18 00:15:0

62354

Good

135

SBE 376888

9/27/18 00:15:0

9/27/18 05:21:0

9/27/18 06:06:3

495654

Good

155

SBE 376891

9/27/18 00:14:0

9/27/1805:21:00

9/27/18 06:12:3

495658

Good

39mab

SBE 379988

9/26/18 20:18:0

9/27/18 05:21:0(

9/27/18 06:36:0

619597

Good

39mab

SBE 3710602

9/26/18 20:18:0

9/27/18 05:21:0

9/27/18 04:27:3

125322

Good
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The data from the upwaidoking 300and 600kHz ADCP at 12%and 47,5m, respectively,
wereconsidered as goothe instrumergtwerepinging upon recovery. There appeatedoe no
guestionable data froboth ADCP at this time, apart from neanrface artifacts.

Tablelll -5. WHOTS14 mooring ADCP recovery information. All times are in UTC.

ADCP S/N 4891

ADCP S/N 1825

Time of First Ping

07/24/17, 00:00:00

07/26/17, 00:00:00

Transducer 1 Spike Time

09/28/18, 02:31:10

09/28/18, 02:36:50

Transducer 2 Spike Time

09/28/18, 02:31:20

09/28/18, 02:37:00

Transducer 3 Spike Time

09/28/18, 02:31:30

09/28/18, 02:37:10

Transducer 4 Spike Time

09/28/18, 02:31:40

09/28/18, 02:37:20

Time in Water

07/27/17, 19:55:00

07/27/17, 19:30:00

Time out of Water

09/27/18,00:19:00

09/27/18, 00:34:00
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V. WHOTS (14-15) cruise shipboardobservations

The hydrographicprofile observations made duriige WHOTS cruises were obtained
with a SeaBird CTD package with dual temperatusglinity, and oxygen sensar¥his CTD
was installed on a rosetsampler with 5 L Niskin bottles for calibration water samples.
Furthermore the HiGalakai came equipped with a thermosalinogragystem which provided a
continuousdepiction of temperaturand salinity of the neasurface layer. Horizontal currents
over the depth range 80-1000 m were measured from the shipbod@&lkHz Ocean Surveyor
(OS75)ADCP (narrowbandwith a vertical resolution of6m for the WHOTS14 and WHOTS
15 cruises. Broadband mode for the OSpovided additional current data over the range of 20
650 m with a vertical resolution of 8m.

Data gaps occurred when the system was shut down temporarily during communications
with the acoustic releases used for the moorohgsng both cruisesPeriods of missing data
between 300 and 450 m in the broadband ADCP were apparent due to the lack ohgcatter
material in the water.

A. Conductivity, Temperature, and Depth (CTD) profiling

Continuous measurements of temperature, woindty, dissolved oxygenand pressure
were made with the UH Sdird SBE-9/11Plus CTD underwater uni0gP437770850 (referred
to as 850) during the WHOTSL4 and WHOTS15 cruises. The CTD was equipped with an
internal Digiquartz pressure sensor gais of external temperature, conductivity, and oxygen
Sensors.

Each of the temperatwanductivity sensor pairs used a $#ed TC duct which circulated
seawater through independent pump and plumbing installafidres.CTD configuration also
included two oxygen sensors, installed in the plumbing for each sensor set. In both cruises, the
CTD was mounted in a vertical posiian the lower part of aosette sampler, with the sensors'
water intakes locatkat the bottom of theosette

The package was deyed on a conducting cable, which allowed for itdale data
acquisition and display. The deployment procedure consistelbwering the package to
approximatelylO dbar and waiting until the CTD pumps started operating. The CTD was then
raised until the sensors were close to the surface to begin the CTD cast. The time and position of
each casivereobtained via a GPS connection to the CTDkdigox. Six Nskin bottles were used
on the psette. 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 computend, for redundancy, the analog signal was
recorded on VHS videotapes. Backups of CTD data were made onto USB storage cards.

The raw CTD data were quality controlled and screened for spikes as descrithed in
WHOTS Data Report 1 (Santiagdandujano et al., 2007)Data alignment, averaging,
correction and reporting were done as described in Tigbad (1993). Spikes in the data occur
when the CTD samples the disturbed water of its wake. Therefore, samples frdowtieast
were rejected when the CTD was moving upward or when its acceleration exceeded?drb m s
magnitude. The data were subsequently averaged id@m@2pressure bins after calibrating the
CTD conductivity with the bottle salinities.

The data weradditionally screened by comparing theCTsensor pairs. These differences
permittedthe identification of problems with the sensors. The data from only o phir,
whichever was deemed most reliable, is reported here. Onlyrdatahe downcast are reged,
asupcast data are commonly contaminated by wake effects from the rosette.

Temperature is reportezh the ITS90 scale. Salinity and all derived units were calculated
using the UNESCO (1981) routines; salinity is reported in the practical saloaty (PSS8).
Oxygen is reported immol kg™.

2. CTD sensor calibration and corrections

Pressure

The pressure calibration strategy for CTD pressure transl&®er75434 used during
WHOTS 14 and SN 101430used duringHOTS-15 cruisesemployed a higlguality quartz
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 determinedttee time that the CTD first enters the water on each cast.
Also, a span correction determined from bench tests on the sensor against the transfer standard
was appliedThese procedures and corrections are thoroughlyrdested in the HO'RO17data
report(Fujieki et al. 2013

TemperaturéConductivity

SeaBird SBE3-Plus temperaturand SBE 4C conductivitfransducersvere used during
WHOTS 14 and-15 cruisesThe history and performance of these sensors have been monitored
during HOT cruises, and caldtrons and drift correctionapplied during WHOTS cruisesre
thoroughly documented in th¢OT-2017 data report (Fujieki et al. 2019
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DissolvedOxygen

SeaBird SBE43 oxygen sensors were usitting the WHOTS 14 and-15 cruisesOxygen
data from theWHOTS 14 cruise were calibrated using empirical calibrations coefficients
obtained during théHOT-294 cruise conducted on -P3 June 2017, before the WHOT8
cruise, which used the same oxygen sensors. Fujieki, et al. (2019) have details on these
calibratons. Similarly, the WHOTS15 oxygen data were calibrated using calibration
coefficients obtained during the HEBD5 cruise conducted 0813 SeptembeR018, beforethe
WHOTS 15 cruise, which used the same oxygen sensors. The CTD empirical calibration was
conducted using oxygen water samples and the procedure from Owens and Millard (1985). See
Tupas et al. (1997pr details on these calibrations procedures.

B. Water sampling and analysis
Salinity

Salinity samples were collected by a rosette sangpleing CTD casts at selected depths
duringWHOTS 14 and-15, and subsampled in 250 ml glass bottléhe top of each bottle and
thimble were thoroughly dried before being tightly cappe prevent water from being trapped
bet ween the cap or thimble and the bottl ebs
trapped in this way increases its salinity due to evaporation, and it can leak into the sample when
the bottle is opened for @asuring Sampledrom each cruisevere measured after the cruise in
the laboratory at the UH using a Guildline Autosal 84Q@Bl 70168. IAPSO' standard
seawater samples were measured to standardize the Autosal, and samples from a large batch of
Ase@aoryd st andardo (substandar d) -48sampledotdetect wer e
drift in the Autosal. Standard deviations of the secondary standard measurenmenessvthan
+ 0.001 for WHOTSI14 and-15 cruises(TablelV-1).

The substandard water was cotid by a rosette sampler from 1020 m at station ALOHA
during HOT cruisesand drained into a 5liter Nalgere plastic carboy. In the laboratory, the
water was then thoroughly mixed in a glass carboy for 20 mitntesanually shaking, rolling
and tilting the carboy vigorouslhafter which a Znch protective layer of white oil was added on
top to deter evaporatn. The substandard water was allowed to stand for approximately three
days before it was used, and was stored in the sammgeratureontrolled room as the Autosal,
protecting it from the light with black plastic bags itibit biological growth. Substadard
seawater batches #@&hd #& were prepared adune9", 2016 and October 2% 2018 and used
for WHOTS 14 and-15 samplesrespectively.

Samples fromthe WHOTS-14 and WHOTS15 cruises were measured during the same
session as the HOZ95 andHOT-306 samples, respectivelijhe substandard statistitsTable
IV-1 include tle combinedsubstandard samples measufedthe WHOTS 14 and HOT295
samples and the WHOTE andHOT-306 samplesrespectively

! International Association for Physical Sciences of the Ocean
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TablelV-1. The pecision of salinity measurements of secondary lab standards.

Cruise Mean Salinity +/- SD| # Samples Substandard IAPSO Batch #
Batch #
WHOTS14 /
HOT-295 34.4681 + 0.0009 4 61 P158
WHOTS 15/
HOT-306 34.8661+ 0.0016 4 65 P160

C. Thermosalinograph data acquisition and processing

1. WHOTS-14 Cruise

Nearsurface temperature and salinity data during the WH®T Sruise were acquired from
the thermosalinograph (TSG) system installed on the NOAA Bhipd i aTheHki adii ahbsa k a i
a water intake depth of 2 m located at the bow of the ship, next toatmatd side bow
thruster. The sensors | ocated in the ship6s
water from the continuous seawater system running through the ship, and were comprised of one
thermosalinograph model SBE. (SN 3155) and a migithermosalinograph model SBE (SN
45404030150), both with (internal) temperature and conductivity sensors; and a/3& BN
215) external temperature sensor located at the water intake. Th21SteEorded data every 5
seconds, and the other two instrents recorded data every secofge system had a pressure
gauge showing a flow pressupetween 16 and 17 pd€Both thermosalinograph systems had a
de-bubbler

Temperature Calibration

External temperature data from the SBEsensor (last calibrated at Siad onJanuary 20
2017 were used as a measure of the seawater temperature. These data were compared to the data
collected during CTD casts.

Nominal Conductivity Calibration

Data from the SBE21 conductivity and temperature sensors were used to calculate the
intake seawater salinity. These sensors were last calibrated-BtrSem January 18 2017 Al
conductivity data from the thermosalinograph were nominally calibratedowséfficients from
this calibration. However, all the final salinity data reported here were calibrated against bottle
datg as explained below.
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Data Processing

Daily files containing navigation data recorded every second were concatenated with the
thermosalinograph datdhe thermosalinograph data were then screened for gross errors, with
upper and lower bounds of 18 °C and 35 °C for temperature aamdl  Siemensn ™ for
conductivity. There were no points outside the valid temperature range gudnts 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 medan filter were immediately replaced by the median. Threshold values
of 0.3 °C for temperature and 0.1 Siemenr5for conductivity were used for the median filter.
After running the filter, there were no temperature or conductivity points replaced imgthen.

A 3-point triangular running mean filter was used to smooth the temperature and conductivity
data after passing the glitch detection.

The thermosalinograph aboard the Ship. Hi 6i al
However,occasionalf, due to an error in the acquisition software rounding routine, a record is
written at a longer interval. Ontyo-timing errors occurred during this cruise; both were greater
than 20 seconds. Timeost substantiggap lasted 473 seconds.

Data were visally scanned to flag spikes likely caused by contamination due to the
introduction of bubbles to the flothrough system during transits or rough conditions. Of a total
of 754,531 data points, 6,773 conductivity data points (0.9%) were flagged as bad.

Bottle salinity and CTD Salinity Comparisons

The thermosalinograph salinity was calibrated by comparing it to bottle salinity samples
drawn from a water intake next to the thermosalinograph every 8 hours throughout the cruise.
Of the 24 bottles sampled, six were considered outliers and discardeth&analysis. Samples
were analyzed as describedSectionlV.B. The comparison was made in conductivity in order
to eliminate the effects of terapature.The conductivityof each bottle sample was computed
using the salinity of the bottle, thermosalinograph temperaameé a pressure of 3.44 dbar,
which includes the pressure of tth@w throughs y st e méds pump.

Salinity samples were drawn from tiiew throughsystem, located less than 0.5 m from the
SBE-21. Consequently there should be virtually no delay between when the water passes
through the thermosalinograph and it being sampled®0&econd average centered on the
sample draw time was chosfem processing purposes.

The CTD salinity data at 2 dbar from the 13 casts conducted during thewenesgesed for
comparisons with the thermosalinograph conductivity. Using the thermosalinograph temperature
data and a pressure of 3.44 dbar, the CTidaotivity was calculated for the 13 casts conducted
while the thermosalinograph was running. Six CTD casts were excluded from processing as
outliers.

A cubic spline was fit to the time series of the differences between the bottle and TSG
conductivity and a correction was obtained for the TSG conductivities. Salinity was calculated
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using these corrected conductivities, the thermosalinograph temperatures, and 3.44 dbar pressure.
After correction, the mean difference between the bottle and thermosalincgatpties was
0.000000 psu with a standard deviation of 0.00099 psu. The mean @¥Pmosalinograph
difference was0.002269 psu with a standard deviation of 0.00098 psu.

CTD Temperature Comparisons

There were 13 CTD casts conducted during WHQGI4 one of which was a test cast
offshore Honolulu (Station 20) and six casts each at Station 52 (WH@)'8nd Station 50
(WHOTS13), respectively. The 4 dbar downcast CTD temperature data from those casts were
used to compare with the thermosalinograpta @ the time of the casts. This comparison gives
an estimate of the quality of the thermosalinograph measurements. Of the 13 casts, four were
identified as temperature outliers after comparing it against the thermosalinograph data and
removed from the alysis.The mean difference between the internal sensor and the CTD was
0.25903 °C, with a standard deviation of £ 0.07119 °C.

2. WHOTS-15 Cruise

Nearsurface temperature and salinity data during the WHOE&uise were acquired from
the thermosalinogph (TSG) system installed on the NOAA Sklp 6 i aThaHki adii ahbsa k a i
a water intake depth of 2 m located at the bow of the ship, next to the starboard side bow
thruster. The sensotsocat ed i n the shipds wewerelsaanphgabout
water from the continuous seawater system running through the ship, and were comprised of one
thermosalinograph model SBHE. (SN 3155) and a mictthermosalinograph model SBE (SN
0150), both with (internal) temperature and conductivity sensors; areB&38 (SN 0215)
external temperature sensor located at the water intake. The2 5B&corded data every 5
seconds, and the other two instruments recorded data every second. The system had a pressure
gauge showing #low pressure between0lio 15 psiwhen the water intake was open. Both
thermosalinograph systems had ebdébler.

Temperature Calibration

External temperature data from the SB& sensor (last calibrated at Sgied on January
16", 2018 were used as a measwf the seawatgemperatureThese data were compared to
the data collected during CTD casts.

Nominal Conductivity Calibration

Data from the SBE1 conductivityand temperatursensos were usedto calculatethe
intake seawater salinity. €kesensos werelast calibraéd at Sedird on November 8, 2017
All conductivity data from the thermosalinograph wei@minally calibrated with coefficients
from this calibration. However, all the final salinity data reported here were calibrated against
bottle dataas explained éow.
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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 temtpee and 3and 6 Siemens m* for
conductivity. There wereno points outside the valid temperatusgngeandno 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 Siemenrsfor 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 detion.

The thermosalinograph aboard the Ship. Hi 6i al
However,occasionally, due to an error in the acquisition software rounding routine, a record is
written at a longer interval'lhere were no timing errodauring WHOTS15.

Data were visually scanned to flag spikes likely caused by contamination due to the
introduction of bubbles to the flothrough system during transits or rough conditions. Of a total
of 799,508 data point22,555conductivity data paits 2.8%) were flagged as bad.

Bottle salinity and CTD Salinity Comparisons

The thermosalinograph salinity was calibrated by comparing it to bottle salinity samples
drawn from a water intake next to the thermosalinogey@ry 8 hours throughout the crae
Of the 22 thermosalinograph bottles sampled, bottlel7 was identified as a conductivity outlier
and discarded fronthe analysis Samples were analyzed as describedSection|V.B. The
comparison was made in conductivity in order to elingntne effects of temperaturéhe
conductivity of each bottle sample was computed using the salinity of the bottle,
thermosalinognh temperaturgand a pressure &.44dbar, wheh includes the pressure of the
flow throughs y s t pumg®d s

Salinity samples were drawn from thew throughsystem, located less th@rb m from the
SBE-21. Consequently there should be virtually no deldyetween when the water passes
through the thermosalinograph and it being sampled®0&econd average centered on the
sample draw time was chosen for processing purposes.

In order to make the comparison in conductivity units, the CTD conductivity was calculated
using the 4 dbar downcast CTD salinity, the internal thermosalinograph temperature, and a pump
pressure of 3.44 dbar. There were 12 CTD casts conducted during WHE)Mhile the
thermosalinograph was running. Casts 1 and 4 were removed from the analysis as temperature
outliers and cast 1, 9, and 10 as conductivity outliers.

A cubic spline was fit to the time series of the differences between the bottl€Sind
conductivity and a correction was obtained for th8G conductivities. Salinity was calculated
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using these corrected conductivities, the thermosalinograph temperaturdgi4dizhr pressure.
After correction, the mean difference between the bottlethednoslinograph salinities was
0.000005psuwith a standard deviation @.003339psu The mean CTD thermosalinograph
difference was0.001385suwith a standard devi@n of 0.00167 7psu

CTD Temperature Comparisons

There were 12 CTD casts condwttduring WHOTSL15, one of which was a test cast offshore
Honolulu (Station 20) and five at Station 52 (WHQI4 and six at Station 50 (WHOTLD),
respectively. The 4 dbar downcast CTD temperature data from those casts were used to compare
with the thermoalinograph data at the time of the casts. This comparison gives an estimate of
the quality of the thermosalinograph measurements. Of the 12 tastsyere identified as
temperature outliers after comparing it against the thermosalinograph data and réorovibe
analysis. The mean difference between the CTD and the internal temperature sensor was
-0.00992 °C, with a standard deviation of + 0.04096 °C

D. Shipboard ADCP

1. WHOTS-14 Deployment Cruise

Currents were measured for the duration of the cruise over the depth rangé&Qff03th
with a 75 kHz RDI Ocean Surveyor (OS75) ADCP working in narrowband mode with a vertical
resolution of 16 m, and in broadband mode \aitlertical resolution of 8 m. Theystem yielded
usefuldata (see cruise reporfhe times of the datasets from the OS75 are showabielV-2.

TablelV-2. ADCP record times (UTC) for the Narrow Band 75 kHz ADCP during the WH@Tc8uise

WHOTS-14 OS75nb OS75bb
File beginning time 25-Jul2017 22:01:17 25 Jul2017 22:01:17
File ending time 03-Aug-2017 18:03:04 03-Aug-201717:58:03

2. WHOTS-15 Deployment Cruise

Currents were measured for the duration of the cruise over the depth rangé&Qff03th
with a 75 kHz RDI Ocean Surveyor (OS75) ADCP working in narrowband mode with a vertical
resolution of 16 m, and in broadband mode \aitrertical resolution of 8 m. Thgystem yielded
usefuldata (see cruise reporf)he times of the datasets from the OS75 are showabitelV -3.
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TablelV-3. ADCP record times (UTC) for the 75 kHz ADCP during the WHQ@F Sruise.

WHOTS-15 OS75nb OS75bb

File beginning time 21-Sept2018 19:00:19 21-Sept2018 19:55:20

File ending time 03-Oct-2018 01:55:22

03-Oct-2018 01:50:21

V. Moored Instrument Observations

A. MicroCAT/SeaCAT data processing procedures

Each mooredMicroCAT and SeaCATtemperature, conductivityand pressure (when
installed wascalibrated at SeBird beforetheir deployment and after their recoveny thedates
shown in Table V-1. The internallyrecorded data from each instrument wel@vnloaded
onboard the ship after the mooring recovery, and the nowuaalibrated data were plotted for a
visual assessment of the data quality. The data processing included checking the internal clock
data against external event timeand pressure sensor dsftcorrection, temperature sensor
stability, and conductivity déoration against CTD data from casts conducted near the mooring
during HOT and WHOTScruises. The detailed processing procedures are described in this

section.

TableV-1. WHOTS14 MicroCAT temperature semrscalibration dates and sensor drift during deployments.

Temperature
Nominal SeaBird Serial | Pre-deployment | Postrecovery Sensors a_lnnual
deployme number calibration calibration drift during
nt depth WHOTS-14
(m) (mili °C)
7 SBE 3%3617 4-Aug-2016 21-Nov-2018 -0.60
15 SBE 376893 6-Aug-2016 27-Nov-2018 0.20
25 SBE 376894 5-Aug-2016 28-Nov-2018 -0.61
35 SBE 376895 5-Aug-2016 21-Nov-2018 -094
40 SBE 376896 5-Aug-2016 27-Nov-2018 -0.31
45 SBE 376887 4-Aug-2016 8-Dec2018 -1.17
50 SBE 376897 10-Aug-2016 28-Nov-2018 -0.80
55 SBE 376898 5-Aug-2016 28-Nov-2018 -0.97
65 SBE 376899 5-Aug-2016 27-Nov-2018 -0.19
75 SBE 3%3618 4-Aug-2016 4-Dec2018 -0.09
85 SBE 373634 4-Aug-2016 21-Nov-2018 -0.86
95 SBE 373670 4-Aug-2016 28-Nov-2018 -0.89
105 SBE 376889 6-Aug-2016 28-Nov-2018 -0.37
120 SBE 376890 6-Aug-2016 28-Nov-2018 -059
135 SBE 376888 6-Aug-2016 12-Dec2018 0.00
155 SBE 376891 10-Aug-2016 12-Dec-2018 -056
4715 SBE 379988 5-Aug-2016 21-Nov-2018 -0.66
4715 SBE 3710602 18-Nov-2016 21-Dec2018 -0.03
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1. Internal Clock Check and Missing Samples

Beforethe WHOTS14 mooringdeployment anditer its recovery(before tke data logging
was stoppel the MicroCATstemperature sensorgere placed ircontact with an ice pacto
create a spike in the data, to check for prgblens with ther internal clocls, and forpossible
missing samplegTablelll-4)The cold spike was detected bygwadden decrease in temperature.
For all the instruments, the clock time of this event matdhedime of the spike (within the
sampling interval of each insitment) correctlyNo missing samples were detected for any of the
instruments.

2. Pressure Drift Correction and Pressure Variability

Some of the MicroCATs used in the moorings were outfitted with pressmsors Table
[Il-1). Biases weraletected in the pressure sensors by comparing tiiedapressure readings
(which should be zero for standard atmospheric pressure at sea level of 102%efdua)
depbyment and after recoveryl.able V-2 shows the magnitude of the bias for each of the
sensors before and after deployment. To correct this offset, a linear fit between the initial and
final on-deck pressure offset as a functiortiofe was obtained and subtracted from each sensor.
Figure V-1 shows the linearly corrected pressures measured by the MicroG@cEdéed above
200 mduring the WHOTS14 deployment For all these sensors, the mean difference from the
nominal instrument pressure (based on the deployed depth) was ledsdiban The standard
deviation of the pressure for the duration of the record was also less than aérdidbsénsors,
with the deeper sensors showinglightly larger standard deviation. The range of variability for
all sensors was about + 3 dbar

The causes of pressure variability can be several, including density variatithes water
column above the instrumertorizontal dynamic pressure (not only due to the currents but also
due to the motion ofhe mooring); mooring positiofsee WHOTS Data Repolt Santiage
Mandujano et al., 2007

TableV-2. Pressure bias of MicroCATs with pressure sessor

Depth : , Bias before Bias after
Deployment (rr?) SeaBird Serial # deployment (dbar) | recovery (dbar)
WHOTS 14 45 SBE 376887 0.025 -0.20
WHOTS 14 95 SBE 373670 0.03 -0.40
WHOTS 14 105 SBE 376889 0.17 0.06
WHOTS 14 120 SBE 376890 0.09 -0.06
WHOTS 14 135 SBE 376888 0.02 -0.10
WHOTS 14 155 SBE 376891 0.04 -0.09
WHOTS 14 4715 SBE 3710602 -0.25 -0.15
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3. Temperature Sensor Stability

The MicroCAT temperature sensors wecalibrated at SeBird bdore and after each
deployment and theirannual driftevaluatios based on these calibratiomse shown inTable
V-1. These values turned out to beigmsficant (not higher thard.2 milli °C) for all sensors
Comparisons between the MicroCAdnd CTDdata from casts conducted near the mooring
during HOT cruses confirmed that the temperature drift of tbst of themoored instruments
was insignificantThe twoMicroCATs (SN 9988and SN10602 deployed near the bottom were
drift corrected Figure V-7 (upper panel) shows the temperature differences between both
instruments before and after the correctiéifter the correctionthe temperature differences
were in the-1.0 to 2.0 m°C range.

Temperature comparissitoetween one of the WHOTHB! nearsurface MicroCAT(SN 1841)
and thefour SBE-56 surface temperature sensan the buoy hull(Table Il1-2) are shown in
Figure V-2. All of the SBE-56 instrumentsreturned full recordsand mne ofthem show any
obvious bias when compared to the Microcat measurements.
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WHOTS-14 Temperature Differences (Buoy’s hull T-sensor 7212 - 1.5 m Microcat 1841)
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Figure V-2. The emperature difference between MicroCAT SN 1841 at 1.5 m, andsaéace temperature sensors
SN 7212(top panel), 7213 (second panel),7114 (third panel), and 7215 (bottom panel), during the-WHOTS
deployment. The light blue line is a-Bdur running of the differences.

In addition to théSeaBird temperature sensoithere were additional temperature sensors in
theVMCMs (at 10 and 30 m), and in the ADS@t47.5 m andl25 m). In order to evaluate the
quality of the temperatures from these sensors, comparisons with the temperatures from adjacent
MicroCATs were conducted.
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Comparisons wittYMCM and ADCP emperature sensors

The upper paneaf FigureV-3 shows the difference between therhfO/yMCM and the 7m
MicroCAT temperatures during WHOTHL, afteraddinga 0.®63 °C offset correction to the
VMCM. The offset was the ean difference between the uncorrected VMCM and #&me
MicroCAT data Also shown for comparison in the middle panel of the figure are the differences
between MicroCAT temperatures at 15 m. The lower panel shows the temperature fluctuations in
the differerres between the 7 and-tbMicroCATSs, which seem to be around zero.

Temperature differences between then3O0V/MCM and the temperatures from adjacent
MicroCATs at 25 and 381 during WHOTS14 are shown inFigure V-4, after adding a
0.0294°C offset correction to the VMCM. The offset was the mean difference between the
uncorrected VMCM and the 28 MicroCAT dataFor comparison, the differences between the
MicroCATs temperatures are also shown in the lower panel.

Temperature differences between the 4A.ADCP and the temperatures from adjacent
MicroCATs at 45 and 50n during WHOTS14 are shown irFigureV-5. For comparison, the
differences between the MicroCATs temperatures are also shown in the lowerTpasel plots
indicate that there was no offset in the54h ADCP for the adjacent MicroCATs (top and
middle plots).

Temperature differences between the -t25ADCP and the temperatures from adjacent
MicroCATs at 120 and 13B during WHOTS14 are shown irFigureV-6. For comparison, the
differences between the MicroCATs temperatures are also shown in the lower Ipasel.
difficult to assess the quality of the ADCP temperature from these comparisons, aetisess
were located at the top of the thermocline, where we expect tostibstantialtemperature
differences between adjacent sensors. However, an indication of the quality of the ADCP
temperatures is given in the upper panel plot, which shows temmsrdtuctuating closely
around zero.
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WHOTS- 14 Temperature Difference (7 m MicroCAT - 10 m VMCM + 0.0263 *C)
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Figure V-3. The emperature difference between thenMicroCAT and the 2 VMCM (upper pane)l; between
the 15m MicroCAT and the en VMCM (middle panel); and betwetre 7m and the 18n MicroCATSs (lower
panel ) during the WHOTF$4 deployment. The light blue line is aRdur running mean of the differences.
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WHOTS-14 Temperature Difference (25 m MicroCAT - 30 m VMCM + 0.02984 ~C)
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Figure V-4. The emperature difference between ther@MicroCAT and the 3dn VMCM (upper panel); between

the 35m MicroCAT and the 3th VMCM (middle panel); and between theri@mnd the 35n MicroCATs (lower
panel) during the WHOTF$4 deployment. The light blue line is adur running mean of the differences.
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WHOTS- 14 Temperature Difference (45 m MicroCAT - 47.5 m ADCP)
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Figure V-5. The emperature difference between therdMicroCAT and the 47-B1 ADCP (upper panel); between
the 56m MicroCAT and the 47-B1¢ ADCP (middle panel); and between them&nd the 58n MicroCATs (@wer
panel) during the WHOTF34 deployment. The light blue line is adur running mean of the differences.
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WHOTS-14 Temperature Difference (120 m MicroCAT - 125 m ADCP)
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Figure V-6. The emperature difference between the -l2MicroCAT and the 125 ADCP (upper pang between
the 135m MicroCAT and the 125 ADCP (middle panel); and between the-t2@nd the 135n MicroCATs
(lower panel) during the WHOT# deployment. The light blue line is al2dur running mean of the differences.

4. Conductivity Calibration

The results of the SeBird postrecovery conductivity calibrations irehited that some of
the MicroCAT conductivity sensors experienced relatively large offsets from their pre
deployment calibration. These were qualitatively confirmed by comparing the matatag
against CTD data from casts condudbietiveen 200 m and 5 km frotine mooring during HOT
cruises. The causes of the conductivity offsets are not clear, and there may have been multiple
causes(see Freitag etl., (1999) for a similar experience witbonductivity cells during
COARE) For some instrumentghe offset wasegative caused perhaps by biofouling of the
conductivity cell while for others the offset wassitive caused possibly by scouring of the
inside of the conductivity ce(possiblyby the continuous up and down motion of the instrument
in an abundant field of diatomsh visual inspection of the instruments after recovery did not
show anyapparentsigns of biofouling and there were no cell scoursngeported in the post
recoveryinspectionsat SeaBird.

Corrections of the MicroCATs conductivity data were conducted by comparing them against
CTD data from profiles and ygo casts conducted near the mooring during HOT cruises and
during deployment/recovery cruises. Casts conducted bet@é6 and 1000 m from the
mooring were given extra weight in the correction, as compared to those conducted 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 therimg, thealignmentbetween CTD and
MicroCAT data was done in density rather thardepth.For cases in whichihe alignmentin
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density was not possible due laxge conductivity offset(causingunrealistic mooring density
valueg, alignmentin temperatte space was done. A cubic leaquares fi{LSF) to the CTD
MicroCAT/SeaCAT differences against time was applied as a first approximation, and the
corresponding correction was applied.

Some of the sensors had large offsets raoteceablevariability that could not be explained
by a cubicLSF (see below). For these sensors, a stepwise correction was dppiredchthe
data to the available CTD cast data #émehto usethe differences between consecutive sensors
to determine when the semsstarted to drift. For instance, during periods of weak stratification
the conductivity difference between neighboring sensors A, B, acdultl reach nearero
values, in particular for instruments near the surface, which are thenwstprone to suer
conductivity offsets. A sudden conductivity offset observed during this period between sensors A
and B, but not between sensors A ancbGldindicate the beginning of an offset for sensor B.

Given that themost indepthinstrumentson the mooring ardess likely to be affected by
biofouling and consequent sudden conductivity drift, the deep instruments serveexasléent
reference to find any possible malfunction in the shallower ones. Therefomneoigorofound
i nstrument soO c ceaatdirst and the gorrestienswasccontinued sequentially
upwards toward the shallower ones.

As a quality control to the conductivity corrections, the buoyancy frequency between
neighboring instruments was calculated using finite differen@ser or urdercorrected
conductivities yielded instabilities in the water column (negative buoyancy frequency) that were
easy to detect and were not real when lasting for several days. Based on this, the conductivity
correction of the corresponding sensors was eglvis

Corrections of than-depth MicroCATs conductivity data were conducted following similar
procedures as for the shallow instruments by comparing them against CTD data frem near
bottom profiles conducted during HOT cruigésgure V-7, bottom panel)After correction, the
salinity differences between both instruments were in {882 g/kg range.

Another characteristic of the offsets in the conductivity sensaisat heir developmenis
not always linear in timeand their behavior can be highly variatdee WHOTS Data Report 1,
SantiageMandujano et al., 2007).

The corrections applied to each of the conductivity sensors during WH®T&n be seen
from Figure V-8 to Figure V-14. Most of the instrumesthad a drift of less than 0.61
Siemens/m for the duration of the deployment, which was corrected with a linear or cubic least
squares fitMost of theinstruments deployedbove85 m showed a negative drift startingew
months before the end of the dephent, apparently due to the expiration of the-amtlant
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WHOTS-14 Deep MicroCATs

2 X 103 Temperature differences (SN 10602- SN 9988)
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Figure V-7. Temperature differences (top panel), and salinity differences (bottom panel) between MicroCATs
#10602 and #9988 during WHOT4. Theblue (red) lines are the differences before (after) correcting the data
following procedures indicated in the text.
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38



%103 WH-14 Microcat SN 6898 (55 m), Uncorrected - Corrected
T T T T

8
= il
~
L) A
>
=
2 7
]
%4
=] _
T
c
o
U —
-4 | 1 | I I
Octl7 Janl8 Aprl8 Jull8 Octl8
0.01 WH-14 Microcat SN 6899 (65 m), Uncorrected - Corrected
. T T T T
— //
E o.0050 / /—\ i
9 ’
>
E /// \
.2 0r _
shed
(%]
s
-
o -0.005 - =
V)
-0.01 | 1 1 I I
Octl7 Janl8 Aprls8 Julls Octl8
DT WH-14 Microcat SN 3618 (75 m), Uncorrected - Corrected
. T T T T T
—
— \
£ 0.008 - / .
~
8
.‘? 0.006 - =
>
.‘3
S 0.004 - =
°
5
] 0.002 ~ &
o | | | | |
Octl7 Janls8 Aprls8 Julls Octl8

Figure V-11. Conductivity sensor corrections for MicroCATs from 55 to 75 meters during WHOTS
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Figure V-12. Conductivity sensor corrections for MicroCATs from 85 to 105 meters during WHOTS
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Figure V-13. Conductivity sensor corrections for MicroCATs from 120 to 155 meters during WHOTS
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B. Acoustic Doppler Current Profiler

Two TRDI broadband Workhorse Sentind4 ADCP
mooring. A 600 kHZADCP was deployed at 47.5 m depth in the upwaoding configuration,
and a 300 kHz ADCP was deployed at 125 m, also in the ugwaeakithg configuration. The
instruments were installed in aluminum frames along with an external battery module to provide
suficient power for the intended period of deployment. The four ADCP beams were angled at
20° from the vertical line of the instrumenthe 300 kHz ADCP was set to profile across 30
range cells of 4 m with the first bin centered at 6.2m from the transdilee600 kHz ADCP
was set to profile across 25 range cells of 4 m with the first bin centered at 3.11m from the
transducerThe specifications of the instrument are showmableV-3.

Tablev-3. Speci fications of tHAemo&xibgCP6s used for the WHOTS

Instrument Description
TRDI Workhorse Sentinel, 300KHz
Model: WHS300I-UG86; Serial Number: 4981

ADCP TRDI Workhorse Sentinel, 600KHz
Model: WHS600I; Serial Number: 1825
300 kHz
Battery Model: WHEXT-BATTERY; Serial Number: 3169
module 600 kHz

Model: WH-EXT-BCL; Serial Number: 182

1. Compass Calibrations
Pre-Deployment

Before the WHOTS14 deploymentfield calibration of the internal ADCP compass was
performed at the soccer fi el dJunef28 eoi%forbothi ver si
the 300 kHz and the 600 kHz instrumentSach instrument was mounted in the deployment
cage along with the external battery module and was located away from potential sources of
magnetic field disturbances-he ADCP was mounted to a turntable, which was alignedtivgh
magnetic north usinga ur v e y o r 6 Usingctlre ropikn RPI. calibration procedure, the
instrument was tilted in one direction between 10 and 20 degrees and then rotated through 360
degrees at less than 5 ° per second. The ADCP was then tilted in a different diesadian
second rotation made. Based on the results from the first two rotations, calibration parameters
are temporarily loadedand the instrument, tilted in a third direction is rotated once more to
check the calibration. Results from each-geploymentfield calibration are shown ifable
V-4 andTablelll -5 (FigureV-15 andFigureV-16).
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TableV-4. Results from the WHOTR! predeployment 300 kHz ADCP compass field calibration procedure.

d
RMS of 3 .
Single | Double Largest Order and Pitch Roll
Double + . Overall Mean and Mean and
300 kHz Cycle Cycle ; Higher +
Single Cycle Error Standard Standard
(SN 4981) | Error Error Random o o o
o o Error ) Deviation Deviation
) ) ©) Er(rng ©) ©)
Before 2.73 0.24 2.98 0.25 2.73 | 1.61+1.08 | 0.26x0.78
Calibration
After
S 0.85 0.61 1.47 0.35 1.26 |-17.12 +1.05 0.06 +1.29
Calibration

TableV-5. Results from the WHOTR! predeployment 600 kHz ADCP compass field calibration procedure.

RMS of 3¢ .
Single Double Largest Order and Pitch Roll
Double + . Overall Mean and Mean and
600 kHz Cycle Cycle . Higher +
Single Cycle Error Standard Standard
(SN 1825) | Error Error Random o S o
o o Error ®) Deviation Deviation
@)
Before 2.50 0.57 3.07 0.32 261 | 0.46 +0.83| 10.73 +0.54
Calibration
After
. . 2.08 0.44 2.52 0.23 2.15 412 £0.44| 0.08 £0.56
Calibration
PostDeployment

After the WHOTS14 mooring was recovered, the performance of the ADCP compass was

tested at the soccer field of the"208withanr si ty
identical compass calibration procedure as during thal@péboyment calibration. Results from

the WHOTS14 postdeployment ADCP compass field calibration procedure are listd@@dbie
V-6 andTableV-7. (FigureV-15andFigureV-16).

TableV-6. Results from the WHOTIS! postdeploymen800kHz ADCP compass field calibration procedure.

single | Double Largest RMS of 3¢ Pitch Roll
9 Double + Order and Overall Mean and Mean and
300 kHz Cycle Cycle . .
Single Cycle Higher + Error Standard Standard
(SN 4981) Error Error o L L
©) ©) Ertor Randozn Error ®) Devtsltlon Devta\tlon
©) @) ©) )
After
) . 1.20 0.20 1.40 0.14 1.22 1.64 +0.43 0.1 £0.42
Calibration

TableV-7. Results from the WHOTIZ postdeployment 600kHz ADCP compass field calibrapascedure.

sinale | Double Largest RMS of 3¢ Pitch Roll
g Double + Order and Overall Mean and Mean and
600 kHz Cycle Cycle . .
Single Cycle Higher + Error Standard Standard
(SN 1825) | Error Error o o o
©) ©) Erzor Randozn Error ®) Deantlon Dewfltlon
©) ©) ©) )
After
S 2.96 0.40 3.36 0.12 3.06 -2.22 £0.74| 0.51 £0.53
Calibration
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2. ADCP Configurations

Individualc onf i gur ati ons f or t held4d lmowrnng akeDdEtRIl6dsin o n t
SectionVIIILA and VIII.B . The salient di fferences for e a
below.

300 kHz (125m)

The ADCP, set to a beam frequency of 300 kHz, was configured in a burst sampling mode
consisting of 40 imgs per ensemble to resolve ldmequency wave orbital motions. The interval
between each ping was 4 secqratsthe ensemble length was 160 seconds. The interval between
ensembles was 10 minutes. Data were recorded in earth coordimiditea headingoias of
9.61° E due to magnetic declinatiofralse targets, usually fish, were screened by setting the
threshold maximum to 70 counts. Velocity data were rejected if the difference in echo intensity
among the four beams exceeded this threshold.

600 kHz (47.5m)

The ADCP, set to a beam frequency of 600 kHz, was configured in a burst sampling mode
consisting of 80 pings per ensemble. The interval between each ping was 2 seootins
ensemble length was also 160 seconds. The interval between ensentbH3 mveutes. Data
were recorded in earth coordinates with a heading bia$af B. The threshold maximum was
also set to 70 counts. Velocity data were rejected if the difference in echo intensity among the
four beams exceeded this threshold.

3. ADCP dataprocessing procedures

Binary files output from the ADCP were r1 eac
using scripts devel op e dhttgp/gurreBtisaest.haviaii.gdi thg 6 s AD
beginning ofthe raw data files astruncated to a time after the mooring anchor was released to
allow time for the anchor to reach the seabed and for the mooring motions that follow the impact
of the anchor on the seafloor to dissipate. The pitch, roll, and ADQ#etatare were examined
to pick reasonable times that ensured good data quality but without unnecessarily discarding too
much dataKigureV-15 andFigureV-16). Truncation at the end of the data fileasshosen to
be the ensembleeforethe time that the acoustic release signal was sent to avoid ¢oatiam
due to the ascent of the instrument. The times of the first ensemble from the raw data,
deployment and recovery timegaong with the times of the truncated records of both
deploymentsare shown irmableV-8.
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TableV-8. ADCP record times (UTC) during WHOTE deployment

Activities 300 kHz 600kHz
. Beginning 7/24/2017 0:00 7/26/17 @:00
Raw file
End 9/30/2018 0:20 9/30/1801:40
In water 6/27/2017 19:55 6/27/17 19:30
Anchor over| 7/28/201702:19 7/28/1702:19
Deployment and Recovery -
Release fireq 9/26/2018 16:57 9/26/18 16:57
on deck 9/27/2018 0:19 9/27/18 ®:34
Beginning 7/24/2017 00:00 7/26/17 00:0
Processed
End 9/30/2018 00:09 9/30/18 0129
ADCP Clock Drift
Uponrecovery a spi ke was produced in the ADCP dat

transducer by hand for 20 secondsq Sect. lllTable 11I-5) to comparethe ADCP clocks with

the shipbés time server. |t w a s thef ctoak roml thet h a t
instrument was fast bgss than 9ninutes. The clock on the 600 kHz (SN 1825) was fastds/

than 3 minutesPast deployments of the ADP 6 s s u -gniesdifferemce #not unusual.

Since the drift represents just one ensemble out of a total of over 58,000, no corrections were
made. Howeverthis drift may be significant if the data are used for tolependent analysis

such as tidabr spectrum analysié\ drift correction needs to be applied in those cases.

Heading Bias

As mentioned in the ADCP configuration section, the data were recorddtk igarth
coordinates. A heading bias, the angle between magnetic north and trueamone, included
in the setup to obtain output data in tesrth coordinates. Magnetic variation was obtained
from t he Nati onal Geophysical Dat a
(https://www.ngdc.noaa.gov/geomag/calculators/magcalc.shtml#declinatidfor a yearlong
deployment a constant value is acceptable because the change in declination is small,
approximately-0.02° year at the WHOTS location. A heading bias%61° was entered in the
setup of the WHOTS4ADCP G s .

Speed of sound

Due to the constant of proportionality between the Doppler shift and water speed, the speed
of sound needs only be measured at the transducer head (Firing, 1991). The sound speed used by
the ADCP is calculated using a constant value of salinity (35) antkthperature recorded by
the transducer temperature sensor of the ADCP. Using CTD profiles close to the mooring during
HOT cruises, HO1295 to HOTF305, and from the WHOTS deployment/recovery cruises, the
mean salinity at 125 dbar was 35.13 while the nesdimity at 47.5 dbar was 34.98 he nean
ADCP temperature at 125 dbar was 21.93°C and 25.59°C at 47.%Fitpare V-17 through
FigureV-19). The maximum associated mean sospéedvariability at 47.5and 125dbaris
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less than 10 m™s and 3 m & respectively which represents a change of lésan 0.7% and
0.2% respectivelyso no correction was made.

WHOTS-14: WH300HKz ADCP
Temperature : Raw Data

22 - 1

Octl?7 Janl8 Aprl8 Julls8 Octl8
Beginning of Record End of Record
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Figure V-17. Temperature record from the 300 kHz ADCP during WHQ@Z $nooring (top panel). The bottom
panel shows the beginning and end of idxgord with the green vertical line representing theniater time during
deployment and otdf-water time for recovery. The red line represents the anchor release and acoustic release
trigger for deployment and recovery, respectively.

WHOTS-14: WH600HKz ADCP
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Figure V-18. Same as Figure-¥7, but for the 600 kHz ADCP.
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Sound Speed Profile (m/s) during WHOTS-14 Deployment 28-Jul-2017 to 26-5ep-2018 from
HOT Stn 52 CTD casts and CTD casts during WHOTS-14/15 cruises
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Figure V-19. Sound speed profile (top panel) during the deployment of the WH®OTi®oring from 2 dbar CTD
datataken during regular HOT cruises and CTD profiles taken during the WHIAIT&d-15 deployment cruises
(individual casts marked with a red diamond). The bottom left panels to show the sound velocity at a depth of the
ADCPO&s (47.5 m an dnsduadSelogity indicatédtwhh atreld Bne. e dower right panels show

the temperature and salinity at each ADCP depth for the time series with the mean temperatures indicated with blue
lines and mean salinity indicated with green lines.
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Quality Control

Quiality control of theADCP data involved the thorough examation of the velocity,
instrument orientatigrand diagnostic fields to develdpe basis of th€C flagging procedures
Details of the methodssed can be found in thWHOTS Data Report 1 ghtiageMandujano et
al., 2007).The following QC procedures weepplied tothe WHOTS 14 deploymentof ADCP
data

1) The first bin (closest to the transducer) is sometimes corrupted due to what is known as
ringing. A period of time is needed for the sowsergy produced during a transmit
pulse at the transducer to dissipate before the ABgPRadequatelyeceive the returned
echoes. Tis fiblanking intervab is used to prevent useless data from being recorded. If it
is too short, signal returns can be contaminated from the lingering noise from the
transducer. Thelanking interval isexpressed as a distandde default valuef 1.76 m
was used for the 30Hz ADCP, whereas an interval of 0.88 m was used for the 600 kHz
ADCP. As a resultbin onewas flagged and replaced with Not a Number (NaN) in the
guality-controlled datasdfigureV-20)

WHOTS-14 : 300 KHz ADCP

L Bin1—BiN2—B8in3

e o °
N RO
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u velocity (ms™)
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o
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WHOTS-14 : 600 KHz ADCP

T T
——Bin 1 Bin 2 —Bin 3

0.6 \

| ﬂ‘!llyﬂlm_.

u velocity (ms™)

-0.6

2000 4000 6000 8000 10000 12000 14000
Ensemble

Figure V-20. Eastward velocity component for the 300 kHz (top panel) and the 600 kHz (bottom panel) ADCPs are
showing the incoherence between depth bins 1 (re@dye2n), and 3 (blue).
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2) For an upwardooking ADCP with a beam angle of 20° within range of the sea surface,
the upper 6% of the depth range is contaminated with sidelobe interfefehedyfie RD
Instruments, 2001 This contaminatioris a result of the much stronger signal reflection
from the sea surface than frosgatters overwhelming the sidelobe suppression of the
transducer. Data quality is quantified using echo intensity, a measure of the strength of
the backscattered echo foaok depth cellWith distance from the transducsensoy
echo intensity is expected to decrease. Sharp increases in echo intensity indicate
contamination from surface reflectiorin practice, the majority of the data within the
upperfour bins (~14% of lhe vertical range) were flagged. Theep four bins range
from about 15 m up to the sea surface.

3) The Janus configuration ofour beams (along with instrument orientatiaa)usedto
resolve currents into their component eadferenced velocitiesgproviding a second
estimate of the vertical velocity. The scaled difference between these estimates is defined
as the error velocityand it is useful for assessing data quality. Error velocities with an
absolute magnitudmore significanthan 0.15 ms (value comparable to the standard
deviation of observed horizontal velocities) were flagged and removed.

4) An indication of data quality for each en
indicator, which accompanies each beam for each bin. The use giettvent good
indicator is determined by the coordinate transformation mode used during the data
collection.For profiles transformed into earth coordinates, the percent good field shows
the percentage of pings that could be used to create the eartmat®ndlocities. fie
percent good fields show the percentage of data that was made using 4 and 3 beam
solutions in each depth cell within an ensemble, and the percentage that was rejected as a
result of failing one of the criteria set during the instrumsstup $ee Appendix 1:
WHOTS 14 300 kHz). Data were flagged when data in each depth cell within an
ensemble made from 3 or 4 beam solutions was @Oi#ss.

5) Data were rejected using correlation magnitude, which is the-fmfsgélse correlation
(in ping returns) for each depth cdllorrelation magnitude represents a measure of how
the shape of the received signal corresponds to the outgoing figeach ping. For a
given bin, if at least three of the beams exhibited a correlation magnitade
significantthan 64 counts, then the profitmn be transformed into earth coordinates.
Low correlation magnitudes may be indicative of sudden changearticle density, or
sudden changes in ADCP tilt. More research is needed at this time into relationships
between ADCP tilt and correlation magnitudfeany beam had a correlation magnitude
of 20 counts or less, that data point was flagged.

6) Histograms ofraw vertical velocity data and partially cleaned data from the ADCP [see
FigureV-21 andFigureV-22] and the WHOTS Data Report 1 (Santidgandujano et
al., 2007)] showed vertical velocities larger than expected, some exceeding’l m s
Recall t hat t he i n s-secondrimanval®rothe IBA0rkidztand2a mp | i r
second intervals for the 600 kHz, for 160 seconds every 10 minutes) was designed to
minimize aliasing by occasional large ocean swell orbital motions (Selitipnand
therefore are not the source of thésmmendousspeeds in the da Thesesignificant
vertical speeds are possibly fish swimming in the beams based on the histograms of the
partially cleaned datajepth cells with an absolute value of vertical velocity greater than
0.3 m §" were flagged.
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>0000 WHOTS-14 300kHz ADCP : Vertical Velocity Histograms
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Figure V-21. Histogram of the vertical velocity of the 300 kHz ADCP for raw data (top panel) and enlarged for
clarity (upper middle panel), and partial quality controlled data (lower middle panel) and enlarged for clarity
(bottom).
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40000 WHOTS-14 600kHz ADCP : Vertical Velocity Histograms
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Figure V-22. Histogram of the vertical velocity of the 600 kHz ADCP for raw data (top panel) and enlarged for
clarity (upper middle panel), and partial quality controlled data (lower central panel)eapdnded for clarity
(bottom).

7A quality control routine known as O6edger
five-point median differencing method. The median velocity from surface bins was
calculated for each ensemble, and thefiverpoint running median of the surface bin
median was calculated. Thiast medianwas then compared to individual velocity
observations in the surface bins, and those differing by greater than 0.48 m/s were
flagged.

8) A 5-pole low pass Butterworth filter with a tif frequency of 1/4 cycles/hour was used
upon the length of the tirgeries to isolatelow-frequency flow for each bin
independently. Théw-frequency flow is then subtractegiving a time series dfigh-
frequency velocity component fluctuations fach bin. Data points were considered
outliers when their values exceeded four standard deviations from the mean (for each bin)
and were removed.

53



9) A median residual filter used apbint (70 minute) median differencing method to
define velocity fluctuabns. A 7point running median is calculated for each bin
independentlyand the result is subtracted pgitving time series o¥ariationsrelative to
the running median. Outliersgherthan four standard deviations from the mean of the 7
points are fagged and removed for each bin.

10)Meticulous verification of all the quality control routines was performed through visual
inspections of theyuality-controlled velocity data. Two methods were utilized; time
series of u and v components for multiple bimsre evaluated as well as individual
vertical profiles. The tim&eries methodology involved inspecting u and v components
separately, five bins at a time, over 600 ensembles (100 hours). Any instance showing
one bin behaving erratically from the othewrfdbins was investigated further. |If it
seemed that there could be no reasonable rationale for the erratic points from the
identified bin, the points were flagge@ihe intent of the inspection of vertical profiles of
u and v components was to find entmfiles that were not aligned with neighboring
profiles. Thirty u and v profiles were stacked at a time and were visually inspected for
any anomalous data.

C. Vector Measuring Current Meter (VMCM)

Vector measuring current meteMMCM) were deployed on th&/HOTS-14 mooring at
depths of 10 m and 30 ,nserial numbers SN2 and 68 respectively VMCM data were
processed by the WHOI/UOP grqumd the ecord times are shown frableV-9. Record times
(UTC) for the VMCMs at 10 m and 30 m during the WHOI&deploymenTableV-9

TableV-9. Record times (UTC) for the VMCMs at 10 m and 30 m during the WH@®@8ployment

WHOTS-14
VMCMO042 VMMO068
Deployment and 27-Juk2017 18:25 27-Jut2017 18:10
recovery times 27-Sept2018 01:47 27-Sept2018 01:54

Daily (24 hous) moving averages of quality controlled 600 kHz ADCP data are compared
to VMCM data interpolated to the ADCP endgle times in the top panels &igure V-23
throughFigureV-26, and the differace is shown in the middle panels. The absolute value of the
mean difference plus or minus one standard deviation is shown at the top of the middle panel.
Velocities are not compared if greater than 80% of the ADCP data withirhawz4average was
flagged. The absolute value of mean differences for all deployments and both velocity
components varied between 3 and 4 cm/s, with standard deviations bet@ el 2.5 cm/s.
The VMCM data does not appear to degrade over time for any deployment. Propeller fouling
would dampen measured VMCM velocity magnitudes, but a decrease in VMCM velocity
magnitude compared to ADCP velocity magnitude with time is not observed.
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FigureV-23. A comparison of 30 m VMCM and ADCP U velocity for WHQZSThe top panel shows-Pbur
moving averages of VMCM zonal (U) velocity at 30 m depth (red) and ADCP U velocity from the nearest depth bin
to 30 m (30.22 m). The middle panel shows the U velocity difference, and the bottom panel shows the percentage of
ADCP data within the moving average not flagged by quality control methods.
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Figure V-24. Same as in Figure \23 but for the meridional (V) velocity component.
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Figure V-26. Same as in Fige V-25, but for the meridional (V) velocity component.
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D. Global Positioning System Receiver and ARGOS Positions

Xeos Global Positioning System receif@&@PS)and ARGOS beacon were attached to the
tower top of the buoy during the WHOTIZ deployment(seeSectionlll). Data returns from
the receivers were higffableV-10), but the GPS failed from November™2017 to April 4™
2018(FigureV-27). The reason for the failure of the GPS receiver is unknown.

TableV-10. GPS and ARGOS record times (UTC) during WHQZS

WHOTS-14 Xeos GPS ARGOS
Raw file beginning 28-Jul2017 02:49 28-Jut2017 03:09
and end times 25-Sept2018 23:33 27-Sept2018 08:59

ARGOS positions were available during the WHGOI4 deployment, and they provided
additional information on the b dmpuentervatst i on.
althoughafter removing invalid datghe median time interval was 16 minuteSanples that
were taken before mooring deployment were eliminatBéta outside th&.5 nauticalmiles
buoy watch circle radiugiere eliminated The velocity magnitude was calculated, and positions
that resulted in speedisgher than 1 m S were removed.Data were interpolated onto a regular
time grid to compute spectra.

For comparisonFigureV-27s hows t he ARGOS buoyds positi ol
positions during the WHOT34 deployment. The standard deviation of the difference between
these two records is aboukth.

The ARGOS positions of the WHOTB! buoy for the duration of the deployment are in
Figure V-28. The colorcoded positionsre showmaccording to their data qualitits distance
from the satellite track determines the data qualiigta of better quality have a higher flag
number three is for a distance less than 150 m, two is for a distance between 150 and 350 m, and
one is for a distance between 350 and 1000 m. For the duration of the deployment, the buoy had
a mean position oftut 1.6 km from the anchor, with a standard deviation of about 500 m.
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Figure V-27. WHOTS14 buoy position from ARGOS data (black line), and GPS data (red line). The top and two
middle panels show tHatitude and longitude of the buoy. The bottom panel shows the difference between the GPS
positions and the ARGOS positions interpolated to the GPS times.
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VI. Results

During the WHOTS14 cruise (WHOTSL4 mooring deployment)Station ALOHA was
under theinfluence of the eastern North Pacific higtessure system, and the associated east
northeasterly trade winds. Moisture associated with former Tropical Cyclone Fernanda, which
passed north of the islands during the days before the cruise was m@atvgard away from
the state with a drier amass gradually filling in from the east at the beginning of the cruise. By
July 27", 2017 moisture associated with the remnants of former Tropical Cyclone Greg, passing
400 miles SE of Hilo started taibg increased humidity

CTD casts conducted near the mooring site (Station 52) after the deployngeme {/I1-4
throughFigure V-6, displayed a subsurface salinity maximum 4@ tibar, and a mixed layer
nearly 60 m deepNearsurface currents during the cruise were nearly 1 kt SSWward during
transit to Staon ALOHA, turning SWward and Wward upon arrival to Station ALOHA, and
remained so for approximately four days, at which point currents swung celotkwise to the
SE and dropped to an average of ~0.4 mTere was a nearly stationary cyclonic ety of
ALOHA, suggesting a possible increasing geostrophic flow towards the SW.

During the WHOTSL5 cruise (WHOTS 14 mooring recovery)a lowpressure system
north-northwest of Kauai was drawing up tropical moisture from the south, producing light south
to southeasterly winds at Station ALOHA creating hot and humid weather conditions. A
hurricane that developed SW of the Big Island was forecast to pass over French Frigate Shoals,
where NOAA scientists were conducting observations. Consequently, sciesrediags were
stopped on September®&018 at 18:40, and the ship wasnauted toevacuatehe observers
and their equipment.

CTD casts conducted near the mooring site (Stat®)rb&fore the recovergFigureVI-10
throughFigureVI1-12, displayed a subsurface salinity maximum 2@ tlbar, anda mixed layer
nearly 60 m deepNearsurface currents during the cruise were nearly 1 kt NWward during
transit to Station ALOHA, turning Nward and Eward upon arrival to Station ALOHA, and
remained so for approximately five days. There was a nearly statiopelonic eddy east of
ALOHA, suggesting a possible increasing geostrophic flow towards the E, NE.

The temperature MicroCAT records during the WHGI4Sdeployment(Figure V-17
through Figure VI-21 show noticeableseasonal variability in the upper 100 m, and a sadde
increaseduringJanuary2017, apparenabove65 m;and a decrease between June and September
2018evidentin the instrument®elow 55 m The salinity recordsHgure VI-22 throughFigure
VI-26 do not show ampparenseasonal cycle, but instances of salinity decrease were recorded
during September 201and June 2018, and to a minor extent in September 2048 the
instruments located abod&5m.

FigureVI-32 andFigureVI-33 show contours of the WHOTFH MicroCAT data in context
with data from tle previous 13 deployments. The seasonal cyckridentin the temperature
record, with record temperatures (higher than 26 °C) in the summer of 2004, and again in the
summer of 2014, 2015 and 2017. Salinities in the subsurface salinity maximum wevelyelat
low during the first 6 years of the record, only to increase drastically after 2008 through 2015,
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with some episodes of lower salinity in /2011 and early 2012. The salinity maximum
extended to near the surface in some instances in early 201Q,/2@12012early 2013 and

during FebruaryMarch 2013. Salinities in the salinity minimum decreased after 2015, showing
record low salinities above 100 m in 2016, 2017 and 2018. The low salinity observed in 2017
and 2018 in the MicroCAT timeeries plotsKigureVI-22 throughFigureVI-26) is apparent in

Figure V32 and Figure VB3.  Wh e n p ly coordinatds Rigure VIEB3), the salinity

maxi mum seems to be centerged roughly bet ween

Records from the WHOT-34 MicroCATs (FigureVI-34) deployed near the bottom of the
mooring (415m) detected temperature and salinity <c
apparently caused by bottom water moving between abyssal basins (Lukas et al., 2001). These
events are being monitored by instruments at the ALOHA Cabled Observatory (ACO,eHowe
al., 2011), a deep water observatory located at the bottom of Station ALOHA (about 6 nautical
miles west from the WHOT-34 anchor), since June 201RigureVI-34 shows temperature and
salinity records from the WHOF# MicroCATs superimposed on the ACO data. The
MicroCAT data agreed with the temperature decrease and the salinity variability registered by
ACO instruments during three cold events in Asi2017, January 2018ndApril 2018, during
the WHOTS14 period.

Figure VI-38 throughFigure VI-40show time series of the zonal, meridional, and vertical
currents recorded with the moored ADCPs during the WH®T 8eployment.Figure VI-35
through Figure VI-37 shows contours of the ADCP current components in context with data
from the previous deploymenfBespitethe gaps in the data, apparenvariability is seen in the
zonal and meridional cuents, apparently caused by passing eddies. On top of this varjability
there have been periods of intermittent positive or negative zonal currents, for indtaimg
20072008. The contours of vertical current componé&ngyreVI-37) show a transition in the
magnitude of the contours near 47 m, indicating that the 300 kHz ADCP located at 126 m moves
more vertically than the 600 kHz ADCP located at 4#.5

A comparison between the moored ADCP data and the shipboard ADCP data obtained
during the WHOTSI4 cruise is shown inFigure VI-41 and Figure VI-42and a similar
comparison during the WHOTS cruise is shown irfrigure VI-43and Figure VI-44. Some of
the differences seen especially in the zonal componmentbe due to the mooring motion, which
was not removed from the data. Comparisoavben the available shipboard ADCP from
HOT-295, -298, and-300 cruises and the mooring data are showfrigure VI-45 and Figure
VI1-46

The motion of the WHOTS4 buoy was registered by the XeG$S receiver, and its
positions are plotted iRigure VI-48. The buoy was located west of the anchor for the majority
of the deployment, except after June 2018, when it was eastTtfeitppwer spectrum of these
data Figure VI-49) shows extra energy at the inertial period (~31 hr). Combining the buoy
motion with the tilt (a combination of pitch and roll) from the ADCP dd&muyre VI-50),
showed that the tilt increased as the buoy distance from the anchor WROASeased. This
was expected since the inclination of the cable increases as themuwey away from the
anchor.
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A. CTD Profiling Data

Profiles of temperature, salinjtg n d p ot e n tyifranh theccasts sbitaingd duting the
WHOTS 14 deployment cruise are presentedrigure VI-1 throughFigure VI-6 together with
the results of bottle determination of salinigygureVI-7 throughFigureVI-11 shows the results
of the CTD profiles during the WHOTF$5 cruise.
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FigureVI-l Upper I
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cruise. [Upper right panel] Profiles of CTD salinity as a function of potential temperature, including discrete bottle
salinity samples (when available) for station 20 cast 1 during the W&I@ cruise. [Lower left panel] Same as in

the upper left panel, but for station 50 cast 1. [Lower right panel] Same as in the upper right panel, but station 50

cast 1.
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WHOTS-14 Stn 50 Cast 02 22.77°N 157.93°W 19:48Z 29 Jul 2017
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Figure VI-2. [Upper panels] Same as Figure VI-1, but for station 50, cast 2. [Lower panels] SameFagure
VI-1, but for station 50, cast 3.
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WHOTS-14 Stn 50 Cast 04 22.76°N 157.94°W 03:51Z 30 Jul 2017
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Figure VI-3. [Upper panels] Same as Figure VI-1, but for station 50, cast 4. [Lower panels] Same as in Figure VI
1, but for station 50 cast 5.
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Figure VI-4. [Upper panels] Same as Figure VI-1, but for station 50, cast 6. [Lower panels] Same as in Figure VI
1, but for station 52, cast 1.
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