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1. Introduction

In 2003, Robert Weller (Wooddole Oceanographic Institution [WHOI]), Albert
Plueddemann (WHOI) and Roger Lukas (University of Hawaii [UH]) proposed to establish a
long-term surface mooring at the Hawaii Ocean THseees (HOT) Station ALOHA (22°45'N,
158°W) to provide sustained, higjuality airsea fluxes and the associated upper ocean response
as a coordinated part of the HOT program, and as an elementgbbliaarray of ocean
reference stations supported by the National
(NOAA) Office of ClimateObservation.

With support fromNOAA and the National Science Foundation (NSF), the WHOI HOT Site
(WHOTS) surface mooring has been maintained at Station ALOHA since August 2004. The
objective of this project is to provide loiigrm, highquality ar-sea fluxes as a coordinated part
of the HOT program and contribute to the goals of observing heat, fresh water and chemical
fluxes at a site representative of the oligotrophic North Pacific Ocean. The approach is to
maintain a surface mooring outfittéal meteorological and oceanographic measurements at a
site near Station ALOHA by successive mooring turnarounds. These obseraatidresng used
to investigate aisea interaction processes related to climate variahititychange

Theoriginalmooring system is described in the mooring deployment/recovery cruise reports
(Plueddemann et al., 2006; Whelan et al., 2007). Briefly, a Surlyn foam surface buoy is equipped
with meteorological instrumentation including two complete @@a Interaction Meteormgical
(ASIMET) systemgHosom 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. Complet@csumeteorological
measurements are recorded every minute, as required to comgseda Hirxes of heat,
freshwater and momentum. Each ASIMET system also transmits hourly averages of the surface
meteorological variables via the Argos satellite systedvia iridium. The mooring line is
instrumented in order to collect time series of upper ocean temperatlnesies and/elocities
with the surface forcing record. This includes vector measuring current meters, conductivity,
salinity and temperaturearders, andwo Acoustic Doppler current profils(ADCPs). See the
WHOTS11 mooring diagram ifrigure1-1.

The subsurface instrumentation is locatedically to resolve the temporal variations of
shear and sttiication in the upper pycnocline to support study of mixed layer entrainment.
Experience with moored profiler measurements near Hawaii suggests that Richardson number
estimates over 10 m scales are adequate. Salinity is clearly important to theattoatjfas sait
stratified barrier layers are observed at HOT and in the region (Kara et al., 2000), so we use Sea
Bird MicroCATSs with vertical separation rangifigm 520 m to measureemperature and
salinity. We use an RDI ADCP to obtain current profdesoss the entrainment zone amsbther
in the mixed layerBoth ADCPs arein an upwaredooking configurationone isat 15 m, using 4
m bins and the other is a 47.5 m using 2 m bifs provide neasurface velocity (where the
ADCP estimatesre lesseliable) we deploy two Vector Measuring Current MetsifgiCM s).
The nominal mooring design is a balance between resolving extremes versus typical annual
cycling of the mixed layer (see WHOTHata Report 22, SantiageMandujano et al., 2007
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2.7 m Surlyn Buoy with

(2) IMET/ARGOS Telemetry,

XEOS GPSSBE 39 AT, Lascar At/H
VAISALA WXT 520
PCO2, SAMI, SBE 16,

WHOTS-11

Bridle with IMET Temp. Sensors at 1.0 m Depth,

4 RBR SOLO T Fixed In,btuﬁ/

DEPTH @ and Backup ARGOS Transmitter

526 m 3/4" Mooring Chain

MAX. DIA. BUOY WATCH CIRCLE = 4.4 N.Miles 7m MicroCat w/ Load Bar
1.30 m 3/4" Mooring Chain
Position: 22 46 N, 157 54 W "

10m VMCM in 3/4" cage

2.82 m 3/4" Mooring Chain
15m MicroCat w/ Load Bar

810 m 3/4" Mooring Chain
25m MicroCat w/ Load Bar

328 m 3/4" Mooring Chain
30m VMCM in 3/4" cage

2.82 m 3/4" Mooring Chain
35 m MicroCat w/ Load Bar

HARDWARE DESIGNATION

U—Joint, 1" Chain Shackle, 0m
1" EndLink, 3/4" Chain Shackle

3.66 m 3/4" Mooring Chain

MicroCat w/ Load Bar
3.66 m 3/4" Mooring Chain

3/4" Chain Shackle, 7/8" EndLink, 45 m MicroCat w/pressure

3/4" Chain Shackle 1.07 m 3/4" Mooring Chain
" 47.5 m RDI ADCP in cage

3/4" Chain Shackle,

3/4" Anchor Shackle 50 m MicroCat clamped to wire

Top and bottom to be clearly
. marked.
75.5 M 7/16” Wire Rope —|  Mark Reel for identification
0.9 m mark "50 meters"
5.9 m mark "55 meters”
15.9 m mark "65 meters”
25.9 m mark "75 meters"
35.9 m mark "85 meters"
45.9 m mark "95 meters”
55.9 m mark "105 meters"”
70.9 m mark "120 meters"

3/4" Anchor Shackle, 7/8" EndLink,
3/4" Anchor Shackle

MicroCat clamped to wire

5/8" Chain Shackle, 7/8" EndLink, 55 m
5/8" Chain Shackle

5/8" Chain Shackle, 7/8" EndLink,
7/8" Anchor Shackle

65 m MicroCat clamped to wire

75 m(C)

MicroCat clamped to wire

Q. @ @ ® @ ©® &

(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 clamped to wire
HARDWARE REQUIRED 105 m MicroCat clamped to wire

(Includes Spares)

(2) 1" Chain Shackles 120 m MicroCat clamped to wire
1” Anchor Shackles

(2) 1" Weldless End Link 125 m RDI ADCP in cage

(2) 1.25" Master Link . Top and bottom to be clearly
(8) 7/8" Anchor Shackles 250 m 3/8" Wire— marked.
(80) 7/8" Weldless Links 135 m MicroCat clamped to wire Mark Reel for identification
(60) 3/4" Chain Shackles 8.5 m mark "135 meters”
(5) 3/4" Anchor Shackles 28.5 m mark "155 meters”
(60) 5/8" Chain Shackles 155M 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 Termination <12?; E 37//2 N!un}m plece, wrapped termination
w/ thimble on bottom
® 2050 m 7/8" Nylon
® thimble on top one piece, to be
spliced at sea

1500 m 1" Col
68 17" Glass Balls on 1/2" Trawler Chain

2 — SBE 16 (WHOI) mounted to 1" Ti Load Bar
5 m 1/2" Trowler Chain

Dualed Acoustic Release EGG Model 8242
1 M chain with release links
5 m 1/2" Trawler Chain

20 m 1" Semson Nystron
5 m 1/2" Trawler Chain
Anchor Wet wt 8000 Ibs (Air Wt 5300 Ib!

R R R T
NI RN 27

Figure 1-1. WHOTS11 mooring design.
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TheeleventhWHOTS mooring (WHOTSL1 mooring) was deployeih July 204 during a
9-day cruisgWHOTS-11 cruise) and it was recovereth July 205 during an 8-daycruise
(WHOTS 12 cruise) both cruisesaboard thdNOAA ShipHi 6 i a Anaweléh mooring
(WHOTS 12 mooring)was deployed during the WHOTR cruise;to be recovered idune
2016.

This report documents and describes the oceanographic observations macsevettte
WHOTSmooringduring a period of nearly one year, and from shipboard dtim¢wo cruises
when the mooringvasdeployed and recovered. Sections 2 and 3, respectively, include a detailed
descriptionof the cruises and the mooringampling and processipgocedures of the
hydrographic casts, thermosalinograph, and shipboard ADCP data collected during cruises are in
Section 4. Section 5 includes the processing procedures for the data collected by the moored
instruments: SeaCATs, MicroCATgMCMs, and mooredDCP. Plots of the resulting data and
a preliminary analysis are included in Section 6.

2. Description of the WHOTS-11 Mooring Cruises

A. WHOTS-11 Cruise: WHOTS-11 Mooring Deployment

The Woods Hole Oceanographic Institution Upper Ocean Processes Gro@i/(VTHp),
with the assistance of the UH group conductecetbeenthdeployment of the WHOTS mooring
on board the&NOAA ShipH i 6 i auriagtha WHOTS11 cruisebetweenl5and23 July 204.
The WHOTS11 mooring was deployed at HOT Statiod é&n 17 July 2014 at ®2:40 UTC at 22°
45 9806 N, D BVThé scierBific peBsonnéhat participated during the cruise are listed in
Table2-1.

Table2-1. Scientific personnel 0c8hipHi 6 i al ak ai d ult deploymenticraise WHO T S

Cruise Name Title or function Affiliation

WHOTS11 Plueddeman, Albert Chief Scientist WHOI
Whelan, Sean Senior Engineering Assistant WHOI
Pietro, Ben Engineering Assistant WHOI
Snyder, Jefrey MarineE | e c t Mexhmician UH
SantiageMandujano, Research Associate UH

Fernando

McCoy, Daniel Research Associate UH
Tabata, Ryan Marine Research Technician UH
Nakahara, Branden Marine Research Technician UH
Tran, Thankvan Undergraduate Studht UH
Lance, Kelly Undergraduate Student UH
Blomquist, Byron Researcher NOAA

The shipboard oceanographic observations during the cruise were conducted by the UH group.
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A SeaBird CTD (conductivity, temperature and depth) system was used to mdassy
and Q profiles during terCTD castsThe time, location, and maximum CTD pressure for each
of the profiles are listenh Table2-2. One cast was conducted at a test site near Oahu to 1020
dbar. Five CTD asts were made at station 50 near the WHQT $hooring for comparison with
subsurface instruments after the WHOGIEmooring deployment; each cast was to 200 dbar.
Five CTD casts were conducted at station 52 near the WHDT8ooring for comparison with
subsurface instruments before its recovery; each cast was to 200 dbar. Following these casts,
one more CTD cast to 200 dbar was made at station 50 near the WHQW&oring. These
casts were sited approximately 200 to 500 m from the buoys and consiStgo-yd cycles
between 10 dbar and 200 dbar. Four salinity samples were taken from each 200 dbar cast to
calibrate the conductivity sensors used for the CTD profiling. One final CTD cast to 1000 dbar
was conducted at Station ALOHA and six salinity sammlere taken.

Table2-2. CTD statims occupied during the WHOTIS cruise

Statioricast| Date | Time Location Maximum
(GMT) (using NMEA data) pressure (dbar
1/1 7/16/14| 00:41 21° 28.04° N, 158° 21.07" W 1024
50/1 7/17/14| 16:10 22°46.38 N, 157° 57.37" W 945
50/2 7/17/14| 19:54 22°45.79° N, 157° 56.15 W 206
50/3 7/18/14| 00:05 22° 46.77° N, 157° 55.64" W 206
50/4 7/18/14| 04:28 22°46.40° N, 157° 55.86" W 201
50/5 7/18/14| 08:11 22° 46.50" N, 157%5.87" W 203
52/1 7/18/14| 16:09 22°40.42° N, 157° 58.79° W 205
52/2 7/18/14| 19:57 22°40.72° N, 157° 58.78" W 206
52/3 7/18/14| 23:49 22°40.89" N, 157° 58.56" W 204
52/4 7/19/14| 03:53 22°41.04° N, 157° 58.74" W 205
52/5 7/19/14| 07:45 22°40.99" N, 157° 58.74" W 208
50/6 7/22/14| 16:02 22° 47.07° N, 157° 55.65" W 204
2/1 7/23/14| 01:59 22° 44,93 N, 157° 59.55" W 1001

In addition, continuous acoustic Doppler current profiler (ADCP) and near surface
thermosalinograph data were obtalvehile underway.

The Ship Hi 6ialakai was equipped with an RD
set to function in broadband and narrowband configurations. Broadband data was unavailable
for this cruise.Configurations for each system are shawitable2-6. The ADCP used input
froma S.G. Brown gyrometer and a Furuno GP 90 GPS receiver to establish the heading and
attitude of the ship while an Applanix POSMV4 system archived attitude data for usé-in pos
processing.

A complete description of these operations is available in the WHQT8uise report
(Plueddemanet al, 2015).
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Table2-3. Configuration of the Ocean Surveyor 75kHz ADCP on boarétieHidalakai during the WHOTS 1
cruise.

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

Nearsurface temperature and salinity data during the WHOT Sruise wereauired from
the thermosalinograph (TSG) system installed
sampling water from the continuous seawater system running through the ship, and were
comprised of a thermosalinograph model SBESN 3233) with (intenal) temperature and

conductivity sensors | ocated in the s3ipds we
(SN 227) external temperature sensor located at the water intake. The ship's system running
SeaSave (SeBird) recorded data fromthesesenss every 10 seconds. Th

water intake depth of 2 m located at the bow of the ship, next to the starboard side bow thruster.
The water pressure at the thermosalinograph is between 5 and 7 psi.

B. WHOTS-12 Cruise: WHOTS-11 Mooring Recovery

The WHOI/UOP Group conducted the mooring turnardwperations during the WHOTS
12 cruise betweef ard 16 July 20Bb6. The WHOTS-11 mooring was recovered, and the
WHOTS 12 mooring was deployed at Statio@ &n 12 July 205 02:40 UTCat2240.06'N, 157
56.96'W.

The scientific personnel that participated during the cruise are listeabla2-4.

Table2-4. Scientific personnel o8hipHi 61 al akai d dl2druseyWHOT®11 rdbridgresovery)

Cruise Name Title or function Affiliation

WHOTS12 Weller, Robert Chief Scientist WHOI
Smith, Jason SeniorEngineeringAssistant WHOI
Pietro, Ben Engineering Assistant WHOI
Snyder, Jefrey MarineE | e ¢ t Texhmidan ¢ UH
SantiageMandujano, Research Associate UH

Fernando

McCoy, Daniel Research Associate UH
Deppe, R. Walt Research Associate UH
Tabata, Ryan Marine Researchechnician UH
Ko, Whitney Marine Research Technician UH
Dumitrascu, Adela GraduateStudent UH

| Otto, Bill Met Technician | NOAA
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The shipboard oceanographic observations during the cruise were conducted by the UH
group. A complete description of these operations is available WH@TS-12 cruise report
(SantiageMandujancet al, 2015).

A SeaBird CTD system was used to measure T, S, angr@iles during ten CTD casts.
The time, location, and maximum CTD pressure for each of the profiléistatein Table2-5.
Thirteen CTD casts were condudtguring the WHOTSL.2 cruise, from July 10 15. CTD
profile data were collected at Station 50 (near the WHQT $uoy), and Station 52 (near the
WHOTS 12 buoy). The first cast at Station 50 was 1500 m deep, and three acoustic releases (two
for the WHOTS12 mooring and one backup) were attached to the rosette frame for function
testing. Seven CTD ygo casts were conducted to obtain profiles for comparison with
subsurface instruments on the WHOI& mooring after deployment, and five-yo casts were
conduced for comparison with the WHOTEL mooring before recovery. These were started
approximately 200 to 500 m from the buoys with varying drift during each cast. The comparison
casts consisted of 5 «gown cycles between 5 and 200 dbar, except during theMasasts at
Station 52, which consisted of 10-dpwn cycles between 5 and 200 dbar. Water samples were
taken from all casts; 4 samples for each of thgg/@asts, and 6 from the first cast at Station 50.

Table2-5. CTD staions occupied during the WHOTIR cruise(WHOTS11 mooringrecovery).

Station/casi Date Time _ Location Maximum
(UTC) (using NMEA data) pressure (dbar)
50/1 7/10/15| 19:34 22° 46.13" N, 157° 53.08" W 1458
52/1 7/12/15 | 15:58 22°38.31" N, 157° 58.54" W 207
52/2 7/12/15| 20:00 22° 38.56" N, 157° 58.43" W 204
52/3 7/13/15| 00:06 22°38.75" N, 157°58.91" W 200
5214 7/13/15| 03:59 22°38.76" N, 157° 58.72" W 218
52/5 7/13/15| 07:58 22°38.91" N, 157° 58.80° W 202
50/ 2 7/13/15| 16:00 22°44.87° N, 157° 56.09° W 208
50/3 7/13/15| 19:55 22° 45.44° N, 157° 56.02" W 203
50/4 7/14/15| 00:04 22° 45.50" N, 157° 56.01" W 200
50/5 7/14/15| 03:56 22° 45.61° N, 157° 56.04" W 203
50 /6 7/14/15| 07:53 22° 4557 N, 18°55.85" W 203
52/ 6 7/15/15| 18:02 22°39.18" N, 157° 58.86" W 204
5217 7/15/15| 22:57 22°39.02" N, 157°59.17" W 204

In addition, continuous acoustic Doppler current profiler (ADCP) and near surface
thermosalinograph data were obtained while nwdg.

The ShipHiGalakai was equipped ith an RD Instruments Ocean Surveyor 75 kHz ADCP,
set to function in broadband and narrowband configurations. The configuration information is
shown inTable2-3. The ADCP used input from a S.G. Brown gyrometer and a Furuno GP 90
GPS receiver to establish the heading and attitude of the ship while an Applanix POSMV4
system archived attitude data for use in gwstessing.
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Table2-6. Configuration of the Ocean Surveyor 75kHz ADCP on boar@kligHi 6i al akai dulli ng t he
cruise.

0OS75BB 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 temperatarand salinity datduring theWHOTS-12 cruisewere acquired
through the use of a thermosalinograph (TSG) system aBbgotH i 6 i aThesersars. were
sampling water from the continuous seawater systemngrihrough the ship, and were
comprised of one thermosalinograph model SBEnd a micrethermosalinograpmodel SBE
45, both with (internal) temperature and cond
67 m fromseparate hulhtakes, andan SBE38 external temperature sensor located at the
entrance to one of theater intake. The SBE21 recorded data every 5 seconds, and the other
two instruments recorded data every secding. water intake for the SBELand SBE38 is
locatedat the bow of the ship, next to the starboard side bow thyasterdepth of 2 nhe
intake for the SBE45 is located near the middle of the ship, also 2 m ddepwater pressure at
the thermosalinograph is between 5 and 7 psi.

Thermosalinograph data exhibited large spikes in conductwitich often occur due to
bubble entrainment from the surface, especially during bad weather or while the ship is pitching
in transit. The SBE5 exhibited a large number of conductivity glitches, indicating a possible
problem with the system. The resttbé conductivity data and the calculated salinity for the
SBE-21 seem to be of good quality. The records from the external and internal temperature
sensors are also of good quality, the internal temperature from th@ BBjgpears to be
consistently abou?.23 lower than the external temperature, probably due to cooling from the
shipés A/ C system while the water travels fro
temperature from the SB&5 was about 0.8 lower than the external temperature early in the
cruise, but increased drastically by more than iy the end of the cruise. This miero
thermosalinograph uses a much smaller volume of water as compared to tBé, 3B it
seems to be affected more significantly by thelwetb 6 s t e mp e raathauSBEB1l.c hange s

3. Description of WHOTS-11 Mooring

The WHOTS11 mooring,deployed orl7 Juy 2014f r om N OhpAd € i awaa k a i
outfitted withtwo complete set@_19 and LO7) of ASIMET sensors on the bueyd underneath,
and subsurface instrumerftem 7 to 155 m depthRigurel-1). The WHOTS11 recovery orl4-
15July 205 resulted inabout363 days on station.
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Thebuoytower also contains a radar reflegttovo marine lanterns, artdio independent
Argos satellie transmission systems that provide continuous monitoring of buoy po#ition.
Xeos MeloGlobal Positioning System (GP&ceiver, &5BE-39 temperature sensor adapted to
measure air temperature and a Vaisala \ABRD multivariable (temperature, humidity,
pressure, wind and precipitation) were also mounted ototier. A fourth positioning system
(SiS Argos transmitter) was mounted beneath the hull. Several other instrureentaounted
on the buoyA BattellepCGO; system a pumpe®&BE-16 CTD and &SEAFETpH sensor were
mounted to the underside of the buoy. The SHBhosted turbidity and dissolveaygen
sensorsThree downlookingadiometersvere mounted on the buoyYone hyperspectral sensor is
mounted facing upward near the radiometers as a refer@niteefincoming spectral irradiance.
A chlorophyll fluorometer wsalso mountean the buoy hull

Four internallylogging RBRSolo-T temperature sensocasidtwo SBE37 MicroCATswere
bolted to the underside of the buoy hull measuring sea surface &opdSST) and salinity.
The RBRs measured SST once every 60 sec betvie@@n below the surface, and the
MicroCATs wereat 1.51 m.

Instrumentatia provided by UH for the WHOT-31 mooring inclded16 SBE-37
Microcats, an RDI 300 kHz Workhorse ADCdd an RDI 600 kHz Workhorse ADCP. The
Microcats all measured temperature and conductivity, 8vétlso measuring pressure. WHOI
providedtwo Vector Measuring Current Meters (VMCMsandtwo Seacat¢SBE-16) installed
near the bottom of the mooring

Table3-1aprovidesa listing of the WHOTSL1 subsurface instrumentati@ their nominal
depths on the mooring, along with serial numbers, sampling rates and other pertinent
information Table 31b includeghefour RBR SoloT 6asmd two MicroCATSrom WHOI bolted
to the underside of the buoy hul.cold water spikavas induced to thedH MicroCATs before
deployment and after recovery by placing an ice pack in contact with their temperature sensor to
check for any driftn their internal clock.

The RDI 300kHz Workhorse Sentinel ADCEBN 7637, 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 for 160 seconds everyrifutes. This burst sampling was designed to
minimize aliasing by occasional largeean swell orbital motions. Bin size was set for 4 m. The
total number of ensemble records Ba$8360. The first ensemble was &ft14/2014 00:00:00Z,
and the last was &{16/2015 01:49:59Z. This instrumenalsomeasured temperature.

The RDI 600 kHz Workhorse Sentinel ADCP, $8D17, 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 interals for 160 seconds every 10 minutes. This burst sampling was designed to
minimize aliasing by occasional large ocean swell orbital motions. Bin size was 2et.fdhe
total number of ensemble records w4104 The first ensemble was &t14/2014 00:00:0QZ,
and the last was &f16/2015 06:30:00Z This instrument also measured temperature.
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A spike was induced in each of the ADCPs before deployment and after re(wept for
the 600 kHz ADCP at 47.5 m which was not pinging on recovery, see belpggntly rubbing
by hand for 20 secon@sich of their transducers, to check for any drift in their internal clock.

The twoVMCMs, SN62 and83 were deployed at 1@ and 30 m depth respectivelyhe

instruments werprepared for deployment by the WHO®P group and set to sample at 1
minute intervals. These instrumeatso measured temperature.

Table3-1a. WHOTS11 mooring subsurface instrument deployment information. All times are in UTC.

SN: Instrument Depth Pressure SN Samp(lseelcr;terva\ Start Logging Data(UTC) Spike begin (UTC) Spike end (UTC) Time in Water (UTC)
6892 Microcat 7 2651324 75 07/14/14 0:00:00 07/15/14 19:10:00 07/15/14 19:20:00 07/16/14 19:05

62 VMCM 10 N/A 60 07/09/14 19:06:00 N/A N/A N/A N/A 07/16/14 18:42
3382 Microcat 15 N/A 180 07/14/14 0:00:00 07/15/14 19:10:00 07/15/14 19:20:00 07/16/14 18:26
4663 Microcat 25 N/A 180 07/14/14 0:00:00 07/15/14 19:10:00 07/15/14 19:20:00 07/16/14 18:37

83 VMCM 30 N/A 60 07/09/14 19:06:00 N/A N/A N/A N/A 07/16/14 18:16
3633 Microcat 35 N/A 180 07/14/14 0:00:00 07/15/14 19:10:00 07/15/14 19:20:00 07/16/14 18:12
3381 Microcat 40 N/A 180 07/14/14 0:00:00 07/15/14 19:10:00 07/15/14 19:20:00 07/16/14 18:07
3668 Microcat 45 2651319 240 07/14/14 0:00:00 07/15/14 19:10:00 07/15/14 19:20:00 07/16/14 18:01
13917 600 kHz ADCP 475 N/A 600 07/14/14 0:00:00 07/15/14 22:29:40 07/15/14 22:30:40 07/16/14 19:30
3619 Microcat 50 N/A 180 07/14/14 0:00:00 07/15/14 | 19:10:00 PM | 07/15/14 19:20:00 07/16/14 19:30
3620 Microcat 55 N/A 180 07/14/14 0:00:00 07/15/14 | 19:10:00 PM | 07/15/14 19:20:00 07/16/14 19:31
3621 Microcat 65 N/A 180 07/14/14 0:00:00 07/15/14 | 19:10:00 PM | 07/15/14 19:20:00 07/16/14 19:33
3632 Microcat 75 N/A 180 07/14/14 0:00:00 07/15/14 | 19:10:00 PM | 07/15/14 19:20:00 07/16/14 19:34
4699 Microcat 85 3418742 240 07/15/14 2:00:00 07/15/14 | 19:10:00 PM | 07/15/14 19:20:00 07/16/14 19:36
3791 Microcat 95 N/A 180 07/14/14 0:00:00 07/15/14 | 19:10:00 PM | 07/15/14 19:20:00 07/16/14 19:37
2769 Microcat 105 2651321 240 07/14/14 0:00:00 07/15/14 | 19:10:00PM | 07/15/14 19:20:00 07/16/14 19:38
4700 Microcat 120 2651322 240 07/14/14 0:00:00 07/15/14 19:10:00 07/15/14 19:20:00 07/16/14 19:45
7637 300 kHz ADCP 125 N/A 600 07/14/14 0:00:00 07/15/14 22:20:10 07/15/14 22:21:10 07/16/14 19:45
3669 Microcat 135 N/A 240 07/14/14 0:00:00 07/15/14 19:10:00 07/15/14 19:20:00 07/16/14 19:47
4701 Microcat 155 2651323 240 07/14/14 0:00:00 07/15/14 19:10:00 07/15/14 19:20:00 07/16/14 19:49
1881 SBE 16-04 36m off bottom N/A 1800 07/09/14 21:00:00 | 07/10/14 17:04:00 07/10/14 18:06:00 07/17/14 2:08
1880 SBE 16-04 36m off bottom N/A 1800 07/09/14 21:00:00 | 07/10/14 17:04:00 07/10/14 18:06:00 07/17/14 2:08

Table3-1b. WHOTS11 RBR Solél Temperatureand SBE37 sensors installed in the buoy. The buoy was deployed
on 7/16/2014 at 19:07z

Instrument SN Depth (m) Sample Interval (sec)
RBR Solo-T | 76107 0.80 60
RBR Solo-T 76112 0.98 60
RBR Solo-T | 76105 0.80 60
RBR Solo-T | 76113 0.80 60
SBE-37 1306 1.51 300
SBE-37 1727 1.51 300

All WHOTS-11 instruments were successfully recover@de of theMicroCATSs installed in the
buoy (SN 1727) hado data since the sensor died befateployment. Rcoveryinformationfor
the underwateinstruments ishown inTable3-2. All UH MicroCATs were in good condition
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after recoveryexceptfor the oneat 135 m(SN 3669), which flooded due to a brokerkead
connector The data were downloaded on board ship, and all instruments returned full data
records, except for SN 86. Table3-2 hasan initial evaluatiorof the dataguality; more details

are inSection5-A.

Table3-2. WHOTS11 MicroCAT Recovery Informadn. All times stated are in UTC.

Depth . . Time out of | Time of |Time Logging| Samples .
P Sea-Bird Serial # . 99ing P Data Quality
(m) water Spike Stopped Logged
o 7/15/15 7/15/15
7 SBE 37-6892 7/15/15 01:31:26| oo o 18:35:00 422,524 good
. 7/15/15 7/15/15
15 SBE 37-3382 7/15/15 01:34:26| (.o 18:47:00 176,055 good
o 7/15/15 7/15/15
25 SBE 37-4663 7/15/15 01:38:40| oo oo 18:64:90 176,058 good
e 7/15/15 7/15/15
35 SBE 37-3633 7/15/15 01:45:06| oo 18:38:00 176,053 good
o 7/15/15 7/15/15
40 SBE 37-3381 7/15/15 01:45:43| oo o0 18:45:00 176,056 good
. 7/15/15 7/15/15
45 SBE 37-3668 7/15/15 01:50:19| oo oo 18:40:00 132,040 good
475 ADCP 13917 7/14/15 23:47:29 NA NA 44104 | ©00dup to5/16/2015
Not pinging on recovery
o 7/15/15 7/15/15
50 SBE 37-3619 7/14/15 23:47:27| (o0t 06:95:30 175,808 good
o 7/15/15 7/15/15
55 SBE 37-3620 7/14/15 23:46:48| (oo 06:04:00 175,800 good
7/14/2015 7/15/15 7/15/15
65 SBE 37-3621 23:44:38 05:00:00 18:42:00 176,054 good
o 7/15/15 7/15/15
75 SBE 37-3632 7/14/15 23:43:43| (o oo 06:22:00 175,807 good
o 7/15/15 7/15/15
85 SBE 37-4699 7/14/15 23:43:10| oo o0 06:29:00 131,317 good
e 7/15/15 7/15/15
95 SBE 37-3791 7/14/15 23:42:25 (oo 06:00-30 175,800 good
o 7/15/15 7/15/15
105 SBE 37-2769 7114115 23:41:42| oo o0 DE:E3:30 131,848 good
N 7/15/15 7/15/15
120 SBE 37-4700 7/14/15 23:40:23| (oo 06:07:30 131,852 good
. 7/15/15 7/16/15 Good, pinging on
125 ADCP 7637 7I14/15 23:37:25| o0 02:07:00 52,860 recovery
7/15/15 Instrument flooded
135 SBE 37-3669 7/14/15 23:36:25 A NA NA Bulkhead connector
05:00:00
broken
o 7/15/15 7/15/15
155 SBE 37-4701 7/14/15 23:34:58| oo o0 06:19:00 131,855 good
e 7/15/15 7/16/15
36 mab SBE-16-04-1880 7/14/1519:15:23 (Lo 01:20:00 17,817 good
e 7/15/15 7/15/15
36 mab SBE-16-04-1881 7/14/15 19:15:23| g oo 234600 17,814 good

The data from the upwaiddoking 300 kHz ADCP at 125 m were good; the instrument was
pinging upon recovery. There appea@to be o obviously questionable data from this ADCP,
apart from neasurface artifactsmore details are in Secti@qB.

The data from the upwaildoking 600 kHz ADCP at 47.5 m was good until May 16, 2015; the
instrument was not pinging upon recovery. There amgeto be no initial questionable data
from this ADCR apart from neasurface artifactsmore details are in Secti&rB.
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4. WHOTS-11 and -12 cruise shipboard observations

Thehydrographigrofile observations made duritlge WHOTS cruises were obtained
with a SeaBird CTD package with dual temperature, salinity and oxygen se3ossCTD was
installed on a rosetteampler withb-liter Niskin bottles for calibration water samplés.
addition, theHiGalakai came equipped with a thermosalinogragktem wich provided a
continuoudepiction of temperature and salinity of the reanface layer. Horizontal currents
over the depth range 80-1000 m were measured from the shipbo@kdkHz Ocean Surveyor
ADCPin narrowbandOS75NB)with a vertical resolutionf 16m for the WHOTS11 and
WHOTS-12 cruises. Broadband mode on the ADCP (OS75BB) was unavailable for the
WHOTS 11 cruise due to problem with one of the ADCP calBesadband mode wawailable
in additionfor WHOTS12 cruise providingadditional currentata over the range of 850 m
with a vertical resolution of 8m.

A. Conductivity, Temperature and Depth (CTD) profiling

Continuous measurements of temperature, conductdiggolved oxygeand pressure were
madewith the UH Se&Bird SBE-9/11Plus CTD uderwater unit #09P43770850 (referred to as
#0850)duringthe WHOTS11 and WHOTS12 cruises. The CTD was equipped with an internal
Digiquartz pressure sensor goars of external temperature, conductivity, and OXy&ssors.

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

The package was deployed on a conducting cable, which allowed ftimealata
acquisition and didpy. The deployment procedure consisted in lowering the packagelto 10
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 eeah cast
obtained via a GPS connection to the CTbkdeox. Six Nskin bottles were used on thesette.
Foursalinity samples were taken on each cast for calibration of the conductivity sensors.

1. Data acquisition and processing.

CTD data were acquired atetinstrument's highest sampling rate of 24 samples per second.
Digital data weretsred on a laptop computer atite analog signal was recorded on VHS video
tapesfor redundancy Backups of CTD data were made onto USB storage cards.

The raw CTD data werguality controlled and screened for spikes as desci
WHOTS Data Report 1 (Santiagdandujano et al., 2007[Pata alignment, averaging,
correction and reporting were done as described in Tetps(1993).Spikes in the data occur
when the CTDsamples the disturbed water of its wake. Therefore, samples from the downcast
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were rejected when the CTD was moving upward or when its acceleration exceeded@®5 m s
magnitude. The data were subsequently averaged-dib@2pressure bins after calibrg the
CTD conductivity with the bottle salinities.

The data were additionally screened by comparing tles€nsor pairs. These differences
permitted identification of problems with the sensors. The data from only-@hpair,
whichever was deemed niasliable, is reported here. Only data from the downcast are reported,
as upcast data are contaminated by rosette wake effects.

Temperature is reported in the FBB scale. Salinity and all derived units were calculated
using the UNESCO (1981) routinesglinity is reported in the practical salinity scale (PF8%
Oxygen is reported inmol kg

2. CTD sensor calibration and corrections

Pressure

The pressure calibration strategy for CTD pressure transduc&@®@BM0used during
WHOTS 11 and WHOTSI12 cruisesemployed a higiyuality quartz pressure transducer as a
transfer standard. Redic recalibrations of this lab standard were performed with a primary
pressure standard. The only corrections applied to the CTD pressures were a constant offset
determined at the time that the CTD first enters the water on each cast. In addition, a span
correction determined from bench tests on the sensor against the transfer standard was applied.
These procedures and corrections are thoroughly documented in the1®and 205 data
reports(Fujieki, et al. 2016 and 2@}

Temperature /Conductivity

SeaBird SBE3-Plus temperaturand SBE 4C conductivitiransducersvere used during
WHOTS 11 and-12 cruises. The history and performance of these sensors have been monitored
during HOT cruises, and calibrations and drift correctapyslied during WHOTS ciisesare
thoroughly documented in the HE2D14 and 205 data reportsHujieki, et al. 2016 and 2017

Dissolved Oxygen

SeaBird SBE43 oxygen sensors were uskding the WHOTSL1 and-12 cruises Oxygen
data from the WHOTS.1 cruise were calibrated ug empirical calibrations coefficients
obtained during the HO264 cruise conducted on 29 June to 3 July 2014, before the WHOTS
11 cruise, which used the same oxygen sensors (Fujieki, et al., 20hdarly, the WHOTS12
oxygen data were calibrated usicagibration coefficients obtained during the HQ14 cruise
conducted 0ri8 to 22July 2015, afterthe WHOTS12 cruise, which used the same oxygen
sensorsFujieki, et al. (20I) have details on these calibratiombe CTD empirical calibration
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was conduted using oxygen water samples and the procedure from Owens and Millard (1985).
See Tupas et al. (199f0r details on these calibrations procedures.

B. Water sampling and analysis

1. Salinity

Salinity samples were collectég rosette sampler during CTRsts at selected depths
duringWHOTS-11 and-12, and subsampled in 250 ml glass bottl&he top of each bottle and
thimble were thoroughly dried before being tightly capped to prevent water from being trapped
bet ween the cap or otthlhabbeen obsenvdd thathresidubl avater | e 6 s
trapped in this way increases its salinity due to evaporation, and it can leak into the sample when
the bottle is opened for measurir@amplesrom each cruisevere measured after the cruise in
the laboratoryat the UH using a Guildline Autosal 84008N 70168. IAPSO" standard
seawater samples were measured to standardize the Autosal, and samples from a large batch of
Asecondary standardo (subst andadBsghjpplesoalecetat er
drift in the Autosal. Standard deviations of the secondary standard measurenmen¢ssvihan
+ 0.001 for WHOTS11 and-12 cruises Table4-1).

The substandard water was cotkxlby rosette sampler from 20 m at station ALOHA
during HOT cruisesnd drained into a 5liter Nalgene plastic carboy. In the laboratory, the
water was then thoroughly mixed in a glass carboy for 20 mibytezanually shaking, rolling
and tilting the carboy vigorouslafter whicha 2inch protective layer of white oil was added on
top to deter evaporation. Tlkebstandard water was allowed to stand for approximately three
days before it was used, and was stored in the same temperature controlled room as the Autosal,
protecting itfrom the light with black plastic bags itthibit biologicalgrowth. Substandard
seawater batches #57 and #&eprepared o4 February 201,4and11 December 2014
respectively and used for WHOTIS. and-12 samples respectively.

Salinity samples fronthe WHOTS11 and HOT264 were run together from July2&
July 3F'2014. Salinity samples from the WHOTS and HOT274 were run together from July
27" to July 30" 2015.The substandard statisticsTable4-1 include tte substandard samples
measuredor thecombined WHOTSL1 / HOT-264 samples and the combined WHOTR /
HOT-274 samples

Table4-1. Precision of salinity measuremertssecondary lab standards.

Cruise Mean Salinity +/SD | # Samples |Substandard Batch IAPSO Batch #
WHOTS 11/
HOT-264 34.4723 + 0.0006 25 57 P154
WHOTS 12/
HOT-274 34.4674 + 0.0003 30 59 P156

! Intemational Association for Physical Sciences of the Ocean
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C.  Thermosalinograph data acquisition and processing

1. WHOTS-11 Cruise

Nearsurface temperata and salinity data for the WHOTHL. cruise were acquired through
the use of the thermosalinograph system aboard the-Ship i adesciibeadiaboyeThe
system included an SBEL (SN 3233) thermosalinograph sensor measuring conductivity and
internal tenperature; and an SBEB (SN 0277) external temperature sensor installed near the
seawater intake. Temperature data were acquired every 10 seconds for the duration of the cruise.
Salinity samples were taken periodically throughout the cruise for calibfadi;m an outlet in
the flowthrough system located less than 0.5 m from the EBE

Temperature Calibration

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

Nominal Conductivity Calibration

Data from the SBR21 conductivity and temperature sensors were used to calculate the
intake seawater salinity. These sensors were last calibrated-Bir&em 27 November 2012.
All conductivity data from the thermosalinograph were nominally calibrated with coefficients
from this calibration. However, all the final salinity data reported here were calibrated against
bottle data as explained below.

Data Processing

Daily files containing navigation data recorded every 10 seconds were concatenated with the
thermosalinograph data he thermosalinograph data were then screened for gross errors, with
upper and lower bounds of 18 °C and 35 °C for temperangt@® Siemens thand 6 Siemens
m ™ for conductivity. There were no points outside the valid temperature and conductivity
ranges.

A 5-point running median filter was used to detect-aréwo-point temperature and
conductivity glitches in the thermdsegraph 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 Siemensfar conductivity were used for the median filter.

After running the filter, there were 346 conductivity points replaced by the méthan.
temperature points were replac@dthreepoint triangular running mean filter was used to
smooth the temperature and conductivity data after passing the glitch detection.
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The thermosalinograph aboard th®AA ShipHi 0 i amasasét toirecord data every 10
seconds, but occasionally, due to an error in the acquisition software rounding routine, a record
can bewritten at a longer interval. However, thavere no timing erra observed during
WHOTS11.

Data were visually scanned to flagikesglitches These are usually causedthg
introductionof bubblesinto theflow throughsystem during transit or during rough conditions.

TheHi 6 i a Floavkheougbsgstem is notguipped with a dédubbler.Of the 67,158
conductivity data points, 6,081 were flagged BAD as spikes.

Bottle Salinity and CTD Salinity Comparisons

The thermosalinograph salinity was calibrated by comparing it to bottle salinity samples
drawn from a wateintake next to the thermosalinograph every 8 hours throughout the cruise.
Of the 24 bottles sampled, 2 were considered outliers, while the final 3 bottles were sampled
after the system stopped collecting conductivity data. The remaining 21 salinity savepte
analyzed as described in SectibnThe comparison was made in conductivity in order to
eliminate the effects of temperature. The conductivity of the bottle sample was computed using
the salinity of thébottle, thermosalinograph temperature and a pressure of 3.44 dbar, which
includes the pressure of thew throughs y st emés pump.

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

The CTD salinity data at 2 dbar from the 12 casts coedudtiring the cruise were used to
compare with the thermosalinograph conductivity. Using the thermosalinograph temperature
data and a pressure of 3.44 dbar the CTD conductivity was calculated for the 12 casts conducted
while the thermosalinograph was rumg. Two CTD casts (station 1 cast 1 and station 50 cast 6)
were excluded from the processing as outliers. The&B€onductivity sensor had a mean
offset of 0.0043 Sihwith respect to the CTD data.

A cubic spline was fit to the time series of the @ifinces between the bottle and
thermosalinograph conductivity and a correction was obtained for the thermosalinograph
conductivities. Salinity was calculated using these corrected conductivities, the
thermosalinograph temperatures, ardb@r pressure. Adr correction, the mean difference
between the bottle and thermosalinograph salinities was 0.000001 with a standard deviation of
0.0142. The mean CTBthermosalinograph difference w&s00221 with a standard deviation
of 0.0105.

CTD Temperature Comparis ons

There were 12 CTD casts conducted during the WHOT Sruise. The 2 dbar CTD
temperature data were used to compare with the thermosalin@taphal temperature. Two
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CTD casts (station 1 cast 1 and station 50 cast 6) were excluded from theipgoagssitliers.
The mean difference between the external sensor and the CTD.Wa&27 + 0.03063 °C, while
the mean difference between the internal sensor and the CTID 22439 + 0.02666 °C.

2. WHOTS-12 Cruise

Nearsurface temperature and salinityalduring the WHOTS.2 cruise were acquired from
the thermosalinograph (TSG) system installed on the NOAABhipd i aThadersors,
|l ocated in the shipbs wet | ab ~67 meters aste
separatecontinuous seawatstystens running through the ship, and were comprised of one TSG
model SBE21 (SN 3155) and a micithhermosalinograph model SBE (SN 4537640121),
both with (internal) temperature and conductivity sensors, and arB8BEN 215) external
temperature senstocated at the seawater intake. The SBEecorded data every five seconds
and the other two instruments recorded data every second. The seawatealnake the
Hi 61 aale2ark lzelow the water surface at the bow of the ship, next to the atdribow
thruster and bythe middle of the shipespectively Water pressure at the TSG is between 5 and
7 psi.Only data from the SBR1 and the SBE38 are reported here because the -@Bbhad
many conductiuy glitches, indicating some problems with the instrumen

Temperature Calibration

External temperature data from the SB&Esensor (last calibrated at S&ad on 04
December 2012) were used as a measure of the seawater temperature. @lvese dat
compared to the data collected during CTD casts.

Nominal Conductivity Calibration

Data from the SBR21 conductivityand temperatureensos were usedo calculateahe
intake seawater salinity. €sesensos werelast calibrated at Seird on 18 November 2011.
All conductivity data from the thermosalinograph weaeninallycalibrated with coefficients
from this calibration. However, all the final salinity data reported here were calibrated against
bottle data as explained below.

Data Processing

Daily files containing navigation data recorded every second were concatertatdoe
thermosalinograph datihethermosalinograptata were then screened for gross errors, with
upper and lower bounds of 18 °C and 35 °C for temperature and 3 Siemans! B Siemens
m ™ for conductivity.There wereno points outside the valid temperatuesgeandno points
outside the valid conductivity range.
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A 5-point running median filter was used to detect-amraéwo-point temperature and
conductivity glitchesn 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 Siemensfar conductivity were used for the mediiter.

After running the filter, there werE8 conductivity points replaced by the median
temperature points were replacéd3-point triangular running mean filter was used to smooth
the temperature and conductivity data after passing the glitebtubet.

The thermosalinograph aboard ®leipHi 0 i anasasét toirecord data every second, but
occasionally, due to an error in the acquisition software rounding routine, a record is written at a
longer intervalOnly 36 timing erors occurred durinthis cruiseall of these were between 30
and 32 seconds.

Data were visually scanned to flag glitches probably caused by contamination due to the
introduction of bubbles to tHeow throughsystemduring transis or rough conditionsOf a total
of 19,6D data points660 conductivity dita points were flagged as bad. The 6 i a floavk ai 6 s
throughsystem was not equipped with aligbbler.

Bottle Salinity and CTD Salinity Comparisons

The thermosalinograph salinity was calibrated by comparing it to lsatitaty samples
drawn from a water intake next to the thermosalinogesany8 hours throughout the cruise
Of the 21 bottles sampledpnewere considered outlierSamples were analyzed as described in
Section0. The comparison was made in conductivity in order to eliteitize effects of
temperature. @ductivity ofeachbottle samplewas computed using the salinity of the bottle,
thermosalinograptemperature and a pressure of 3r, whch includes thg@ressure of the
flow throughs y s t mpumg®d s

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

The CTDsalinity data a dbarfrom the B casts conducted during the cruigas used to
compare with thehiermosalinograph conductivitysing the thermosalinograph temperature data
and a pressure @t44dbar, the CTD conductivity was calculated for thé dasts conducted
while the thermosalinograph was runnifigreeCTD cass wereexcluded from processing as
theywereobvious outlies. The BE-21 conductivity sensor had a mean offse0df®4 Sm*
with respect to the CTD data

A cubic spline was fit to the time series of the differences between the botil&énd
conductivity and a correction was obtained for Ti® conductivities. Salinyt was calculated
using these corrected conductivities, the thermosalinograph temperaturdgi4dishr pressure.
After correction, the mean difference between the bottle and thelimmgraph salinities was
0.00@M01 psuwith a standard deviation of @O psu The mean CTD thermosalinograph
difference was0.0@®0 with a standard dewui@n of 0.0@14.
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CTD Temperature Comparisons

There were 3 CTD casts conducted during the WHOTSR cruise.The2 dbar CTD
temperature data were used to compare withhdertosalinographmternal temperatur& hree
CTD cass wereexcluded from processing as obvious outli#ghe mean difference between the
internal sensor and the CTD w&@s2796°C, with a standard deviation of +G88°C.

D. Shipboard ADCP

1. WHOTS-11 Cruise

Currents measured by the Ship Hioial akai 0s
were processed using the CODAS ADCP processing suite. Horizontal velocity data, latitude and
longitude were processed with 15 minute ensemble averages andeldhmesolution. The
times of the datasets from the OS75 are showrabie4-2. Broadband mode for the ADCP was
not available during the WHOTSL cruise due to a cable problem.

Table4-8. ADCPrecord times (UTC) for the Narrow Band 75 kHz ADCP during the WHOT&uise.

WHOTS 11 OS7%b
File beginning time 11-Jul2014 21:22:02
File ending time 23-Jul2014 18:03:49

2. WHOTS-12 Cruise

Currents were measured for the duration of theseraver the depth range of-2000 m
witht h e Hi 67b kHEz RIM @cean Surveyor (OS75) ADCP working in narrowband mode
with a vertical resolution of 16 m, and in broadband mode with vertical resolution of 8 m. The
system yielded good datiile start and end times are listedliable4-2 below.Gaps in the data
occurred when the system was shut down during communications with the acoustic releases used
for the mooringsA gap on July 10 frm about 9:00 to 19:00 UTC was during triangulation of
the WHOTS12 anchor after deploymerithe times of the datasets from the OS75 are shown in
Table4-2.

Table4-2. ADCP record tines (UTC) for th5kHz ADCP during the WHOTR cruise.
WHOTS-12 OS75nb OS75bb
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File beginning time

09-Jul2015 18:02:33

09-Jul2015 18:02:33

File ending time

16-Jub2015 18:43:51

16-Jul2015 184121
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5. Moored Instrument Observations

A. MicroCAT/SeaCAT data processing procedures

Each mooredicroCAT and SeaCATemperature, conductivity and pressure (when
installed wascalibrated at Se8ird prior to theirdeployment and after their recoveny the
dates shown ifable5-1. The internallyrecorded data from each instrument waoe/nloaded
on board the ship after the mooring recovery, and the nomicalilyrated data were plotted for
a visual assessment of the data quality. The data processiundeid checking the internal clock
dataagainst external event timgwessure sensor drift correction, temperature sensor stability,
and conductivity calibration against CTD data from casts conducted near the mooring during
HOT and WHOT<cruises. The datled processing procedures are described in this section.

Table5-1. WHOTS11 MicroCAT/SeaCATtemperature sensor dhftation datesand sensor drift

. . Temperature
Nominal deployment Seaﬂ?;?bi?“al Pr;ﬂlﬁ);:;iyomnent Postrecovery sengordrift
depth (m) calibration (mili °Clyear)

7 SBE37SM6892 3-Apr-2009 29-Sep2015 -0.02

15 SBE37SM3382 17-Aug-2013 29-Sep2015 0.38

25 SBE37SM4663 9- Aug-2013 29-Sep2015 -0.01

35 SBE37SM3633 17- Aug-2013 25-Sep2015 -0.07

40 SBE37SM3381 29 Aug-2013 1-Oct-2015 0.14

45 SBE37SM3668 17- Aug-2013 25-Sep2015 -044

50 SBE37SM3619 9- Aug-2013 25-Sep2015 -0.18

55 SBE37SM3620 3- Aug-2013 29-Sep2015 -0.04

65 SBE37SM3621 8- Aug-2013 19-Sep2015 0.20

75 SBE37SM3632 17- Aug-2013 21-Nov-2015 -0.21

85 SBE37SM4699 29 Aug-2013 2-Oct-2015 -0.16

95 SBE37SM3791 17- Aug -2013 30-Sep2015 -0.28
105 SBE37SM2769 9- Aug-2013 29-Sep2015 0.19

120 SBE37SM4700 17- Aug-2013 2-Oct-2015 -0.27
135 SBE37SM366 29 Aug-2013 Instrument NA

flooded

155 SBE37SM4701 28- Aug-2013 2-Oct-2015 -0.4
4671 SBE161880 16-Oct-2013 2-Dec2015 0.03
4671 SBE161881 16-Oct-2013 8-Dec2015 0.01
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1. Internal Clock Check and Missing Samples

Beforethe WHOTS11 mooringdeployment andifter its recovery(before tle data logging
was stoppex the MicroCATstemperature sensongere placed irontact with an ice padk
create a spike in the data, to check for proplens with ther internal clocls, and forpossible
missing eamples Table3-2). The cold spike was detected bgulden decrease in temperature.
For all the instruments, the clock time of this event matched correctly the time of the spike
(within the sampling intefal of each instrument). No 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 presensorsTable
3-1). Biases wergletected in the pressure sensors by comparing thednpressure readings
(which should be zero for standard atmospheric pressure at sea level of 1028afuvar)
deployment and after recoveryable5-2 shows the magnitude of the bias for each of the sensors
before and after deployment. To correct for this offset, a linear fit between the initial and final
ondeck pressure offset as a function of time was obtained, and subtractegkith sensor.
Figure5-1 showsthe linearly corrected pressures measured by the MicroCATs dhang
WHOTS 11 deploymentFor all the sensors, the mean difference from the nominal instrument
pressure (based oretlleployed depth) was less thahdbar. The standard deviation of the
pressure for the duration of the record was less than 1 dbar for all sensors, with the deeper
sensors showinggightly larger standard deviation. The range of variabilitydibsersors was
about + 3 dbar

The causes of pressure variability can be several, including density variatibasvater
column above the instrumeritorizontal dynamic pressure (not only due to the currents, but also
due to the motion of the mooring); maagiposition, etc(see WHOTS Data Repdlf Santiage
Mandujano et al., 2007

Table5-2. Pressure bias of MicroCATs with pressure sensor.

Deployment | Depth (m) | SeaBird Serial # Bias before deployment| Bias after recovery
(dbar) (dbar)

WHOTS11 |7 37SM314866892 -0.04 -0.15

WHOTS11 | 45 37SM314863668 0.07 -0.04

WHOTS11 | 85 375M314864699 0.60 055

WHOTS11 | 105 37SM314862769 0.05 -0.02

WHOTS11 | 120 37SM314864700 0.09 -045

WHOTS11 | 135 37SM314863669 Instrument flooded NA

WHOTS 11 155 37S5M314864701 0.00 -0.07
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WHOTS-11 Microcat Pressure (lineady corrected) and nominal pressure {dashed lines)
O \ ! \ ! \ ! ! \ ! ! !

Mean (p6892-7) = 0.00 dbar St Dev. (p6892-7) = 0.27 dbar
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Figure 5-1. Linearly corrected pressures from MicroCATs during WHE&TSIeployment. The horizontal
dashed | ine is t hee basedos depldysd depth.mi n a | pressur
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3. Temperature Sensor Stability

The MicroCATand SeaCATemperature sensors were calibrated atEBehbefore and

after each deploymenand theirannual driftevaluatiors are shown iffable5-1. These values

turned out to be ingnificant (not higher thad milli °C) for all sensorsComparisons between

the MicroCATand CTDdata from casts conducted near the mooring during HOT cruises
confirmed that the temperature drift of ttest of hemooral instruments was insignificarnthe

two SeaCATYSN 18® and SN1881) deployed near the bottom wedgft corrected Figure 57

(upper panel) shows the temperature differences between both instruments before and after the
correction After the corection the temperature differences were in-1th@ to1.0 milli °C range.

Temperature comparisshetween one of the WHOTSHL nearsurface MicroCATs (SN
1306, the other MicroCAT SN 1727 malfunctioned during the whole deployraedthree of
thefour RBR surface temperature sensor the buoy hul(Table3-1) areshown inFigure5-2.
Threeof the RBR instrument§76107, #76112nd #6113 returned full records; instrument
#76105was damaged during recovery amds not able to communicateensor #76107 shows a
bias ofneaty 0.1 °C as compared to the Microcat measurements.
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WHOTS-11 Temperature Differences (Buoy's hull T-sensor 76107 — 1.5 m Microcat 1308)
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WHOTS-11 Temperature Differences (Buoy's hull T-sensor 76112 - 1.5 m Microcat 1308)
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WHOTS-11 Temperature Differences (Buoy's hull T-sensor 76113 - 1.5 m Microcat 1308)
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Figure 5-2. Temperature diff@nce between MicroCAT SI806at 1.5 m, and neasurface temperature
sensors SN6107(upper panel)76112(second paneland76113(bottom panel), during WHOTEL

deployment. Thiight blueline is a 24hour running mean of the differences.

In additionto the temperature sensors in the-8&d and the RBR instrumentthere were
additional temperature sensors in Y'dCMs (at 10 and 30 m), and in the ADERt47.5 m
and125 m). In order to evaluate the quality of the temperatures from these semsgarisons
with the temperatures from adjacent MicroCATs were conducted.
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Comparisons with  VMCM and ADCP t emperature sensors
The upper panel of

Figure5-3 shows théemperature differences between thenil® MCM and the
temperatures from adjacent MicroCATSs at 7 andaril8uring WHOTS11. For comparison, the
differences between the MicroCATs temperatures are also shown. These plots indicate that there
was no offset in the X VMCM with respect to the adjacent MicCATs (top and middle
plots).

The upper panel of

Figure5-3 shows thalifference betweethe 30-m MicroCAT andthe 25-m VMCM
temperatures during/HOTS 11, afteraddinga 0.B1 °C offset correction to the VMCM. The
offset was the mean difference between the uncorrected VMCM ag8-theMicroCAT data
The lower panel of the figurghowsthe differences between MicroCAT temperature25and
35 m. Thetemperature fluctuationa the differences between tB& and35-m MicroCATs
seem to be around zero

Temperature differences between the 4W.ADCP and the temperatures from adjacent
MicroCATSs at 45 and 56n during WHOTS11 are shown irFigure5-5. For comparison, the
differenes between the MicroCATs temperatures are also shown. These plots indicate that there
was no offset in the 47-8 ADCP with respect to the adjacent MicroCATSs (top and middle
plots). The ADCP malfunctioned and stopped recording data after 27 May 2015.

Temperature differences between the 385ADCP and the temperatures from adjacent
MicroCATSs at 120 and 13 during WHOTS11 are shown irFigure5-6. The MicroCAT at
135 mfloodedand stopped recording data after 3 Bimer 2014For comparison, the
differences between the MicroCATs temperatures are also shown. It is difficult to assess the
guality of the ADCP temperature from these comparisons, as these sensors were located at the
top of the thermocline, where we expezfind large temperature differences between adjacent
sensors. However, an indication of the quality of the ADCP temperatures is given in the upper
panel plot, which shows temperatures fluctuating closely around zero.
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WHOTS-11 Temperature Difference (7 m MicroCAT - 10 m VMCM)
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Figure 5-3. Temperature difference between then™icroCAT and the Xn VMCM (upper pane)l; between the
15-m MicroCAT and the n VMCM (middle panel); and between then7and the 18n MicroCATSs (lower panel )
during the WHOTS.1 deploymetn The light blue line is a 2our running mean of the differences.
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WHOTS-11 Temperature Difference (25 m MicroCAT - 30 m VMCM)
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Figure 5-4. Temperature difference between thei@MicroCAT and the 3én VMCM (upper panel); between the
35-m MicroCAT and the 3th VMCM(middle panel); and between the-gband the 35n MicroCATSs (lower
panel) during the WHOT$1 deployment. The light blue line is aldur running mean of the differences.
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WHOTS-11 Temperature Difference (45 m MicroCAT - 47.5 m ADCP)
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Figure 5-5. Temperature differemcbetween the 48 MicroCAT and the 47-51¢ ADCP (upper panel); between the
50-m MicroCAT andhe 47.5m ADCP (middle panel); and between them&nd the 56n MicroCATs (lower
panel) during the WHOT$1 deployment. The light blue line is aBdur runningmean of the differences.
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WHOTS-11 Temperature Difference (120 m MicroCAT - 125 m ADCF)
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Figure 5-6. Temperature difference between the-b20icroCAT and the 128 ADCP (upper panel); between the

135m MicroCAT and the 1261 ADCP (middle panel); and between the-t2@nd the 135m MicroCATs (lower
panel) during the WHOTF$1 deployment. The light blue line is adur running mean of the differences.
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4. Conductivity Calibration

The results of the Sdaird postrecovery conductivity calibrations indicated that some of
theMicroCAT and SeaCAT conductivityensors experienced relatively large offsets from their
pre-deployment calibration. These were qualitatively confirmed by comparing the mooring data
against CTD data from casts condudbetiveen 200 m and 5 km fratime moweing during HOT
cruises. The causes of the conductivity offsets are not clear, and there may have been multiple
causegsee Freitag et. al, (1999) for a similar experience with conductivity cells during
COARE) For some instruments the offset wegjative 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{possible by the continuous up and down motion of the instrument
in an abundant field of diems) A visual inspection of the instruments after recovery did not
show any obvious signs of biofoulingnd there were no cell scoursrgported in the post
recoveryinspectionsat SeaBird.

Corrections of the MicroCATs conductivity data were condiible comparing them against
CTD data from profiles and ygo casts conducted near the mooring during HOT cruises, and
during deployment/recovery cruises. Casts conducted between 200 and 1000 m from the
mooring were given extra weight in the correctionc@spared 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 the mooringligmnentbetween CTD and
MicroCAT data was done in density rathesuthin depthFor cases in whiclthealignmentin
density was not possible duelamge conductivity offset(causingunrealistic mooring density
valueg, alignmentin temperature space was done. A cubic {egstires fi{lLSF)to the CTD
MicroCAT/SeaCAT diferences against time was applied as a first approximation, and the
corresponding correction was applied.

Some of the sensors had large offsets and/or obvious variability that could not be explained
by a cubid_SF (see below). For these sensors, awiep correction was applied matching the
data to the available CTD cast data, #mehusing the differences between consecutive sensors
to determine when the sensor started to drift. For instance, during periods of weak stratification
the conductivity diference between neighboring sensors A, B, asduldreach nearero
values, in particular for instruments near the surface, which are thenesgzrone to suffer
conductivity offsets. A sudden conductivity offset observed during this period betwesemssan
and B, but not between sensors A ancbGldindicate the beginning of an offset for sensor B.

Given that the deepest instrumeotghe mooring are less likely to be affected by
biofouling and consequent sudden conductivity drift, the deep instrisnserved as a good
reference to find any possible malfunction in the shallower ones. Therefore the deepest
instrumentsd conductivity was corrected first
upwards toward the shallower ones.
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As a quality conbl to the conductivity corrections, the buoyancy frequency between
neighboring instruments was calculated using finite differer@esr or undercorrected
conductivities yielded instabilities in the water column (negative buoyancy frequency) that were
easy to detect and were obviously not real when lasting for several days. Based on this, the
conductivity correction of the corresponding sensors was revised

Corrections of the deep SeaCATs conductivity data were conducted following similar
procedures a®r the shallow instruments by comparing them against CTD data from near
bottom profiles conducted during HOT cruises.

Another characteristic of the offsets in the conductivity sensdhat their developmend
not always linear in timeand their bleavior can be highly variablsee WHOTS Data Report 1,
SantiageMandujano et al., 2007).

A correction waslsoapplied to the deep SeaCATs conductivities. Both instruments were
deployed at the same deptt6{4 m). After correction, the salinity differees between both
instruments were in the-8.00 g/kg ranggFigure 57).

The corrections applied to each of the conductivity sensors during WHOGE&n be seen
in Figures 5-8. Most of the instrumesthad a drift of less than 0.&lemens/m for the dutian
of the deployment, which was corrected with a linear or cubic-$spsires fitMost of the
instruments deployeabove65 m showed a sharp negative drift starting about two months before
the end of the deployment, apparently due to the expiratitre@&ntifoulant
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Figure 5-7. Temperature differences (top panel), and salinity differences (bottom panel) between SRAERAT
and #.880during WHOTSL1. The blue (red) lines are the differences before (after) correcting the datevifod
procedures indicated inthtehi s report ds secti on
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Figure 5-8a. Conductivity sensor corrections for MicroCAdisring WHOTSL1.
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Figure 58b. Conductivity sensor corrections for MicroCATs during WHELTS
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WH-11 Microcat SN 3668 (45 m), Uncorrected — Corrected
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Figure 58c. Conductivty sensor corrections for MicroCATs during WHOIES

WHOTS11 Data Report

35



15

10

Conductivity (§/m)
(6]

Conductivity (S/m)
(]

0.005

0.005

-0.01
-0.0156

Conductivity (S§/m)

-0.02

-0.025

% 10—3 WH-11 Microcat SN 3621 (65 m), Uncorrected — Corrected

T T T T T

1 1 1

L 1
Jul14 Octl14 Jan15 Apr1bs Jul1s

%107 WH-11 Microcat SN 3632 (75 m), Uncorrected — Corrected

T T T T T

1 1 1 L 1

Jul4 Oct14 Jan15 Apr1d Jul1s

WH-11 Microcat SN 4699 (85 m), Uncorrected — Corrected

T T T T T

Jul14 Oct14 Jan15 Apr1d Jul1d

Figure 58d. Conductivity sensor corrections for MicroCATs during WHELTS
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WH-11 Microcat SN 3791 (95 m), Uncorrected — Corrected
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Figure 58e. Conductivity sensor corrections for MicroCATs during WHEITS
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B. Acoustic Doppler Current Profilers

Two Teledyne/RD Instruments broadband Workhorse Sentinel AD&€Yedeployed on
the WHOTS11 mooring A 600 kHzADCP was deployed at 47.5 m depth in the upward
looking corfiguration, and a300 kHzADCP was deployed at 125 m, also in the upwiaaking
configuration.The instrumergwereinstalled in aluminum fransalong with an external battery
module to provide sufficient power for the intended period of deploymentfolihd DCP
beams were angled at 20° from the vertical line of the instrument. The ADCP was set to profile
across 30 range cells of 4 m with the first bin centered 6.2 m from the transducer. The maximum
range of the instrument was just short of 125 m. Sgezifications of the instrument are shown
in Table5-3.

Table5-3. Speci fications of tHemokipgCP6s used for the WHOTS

Instrument Description

ADCP RDI Wolkkhorse Sentinel, 300KHz
Model: WHS300l-UG186 Serial Number7637

RDI Workhorse Sentinel, 600KHz
Model: WHS600I; Serial Number13917

Battery module 300 kHz
Model: WH-EXT-BATTERY:; Serial Number: 3426

600 kHz
Model: WH-EXT-BCL; Serial Number: 3818

1. Compass Calibrations
Pre-Deployment

Prior to the WHOTSL1 deployment a field calibration of the internal ADCP compass was
performed athesocceffield oftheUni ver si ty of ondunevEi2@4forlaoth Man o a
the 300 kHz and the 600 kHz instrumenEachinstrument was mounted in the deployment
cage along with the external battery module and was located away from potential sources of
magnetic field disturbance§.he ADCP was mounted toturntable, which was aligned with
magnetic northusingasure y o r 0 s Using the uikirsRDI calibration procedure, the
instrument was tilted in one direction between 10 and 20 degrees and then rotated through 360
degrees at less than 5 ° /sec. The ADCP was then tilted in a different direction and a second
rotation made. Based on the results from the first two rotations, calibration parameters are
temporarily loaded and the instrument, tilted in a third direction is rotated once more to check the
calibration. Results froraachpre-deployment field calibrain are shown ifable5-4 (Figure
5-).
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Table5-4. Results from the WHOTH. pre-deployment ADCP compassldiealibration procedure.

300 kHz Single Double Largest RMS of 3¢ Over Pitch Roll
(SN 7637 Cycle Cycle Double + Order and all Mean and Mean and
Error Error Single Higher + Error Standard Standard
®) ®) Cycle Random Error ®) Deviation Deviation
Error ) ) ©)
)
Before 2.29 0.16 2.45 0.22 2.29 0.28+1.16| -0.43+1.04
Calibration
After 0.42 0.27 0.68 0.13 0.59 |-2.01+ 0.71] -0.29+ 0.71
Calibration
600 kHz Single Double Largest RMS of 3¢ Over Pitch Roll
(SN 13917 Cycle Cycle Double + Order and all Mean and Mean and
Error Error Single Cycle Higher + Error Standard Standard
®) ®) Error Random Error ®) Deviation Deviation
) ©) ©) )
Before
Calibration 2.80 0.45 3.25 0.17 2.84 1.26+0.89 | -0.77 +0.87
After
Lo 0.35 0.31 0.66 0.14 2.76 | -16.86 £0.73| -0.75+0.80
Calibration

PostDeployment

After the WHOTS11 mooring was recovered, the performance of the ADCP compass was
tested athesocceffield oftheUni ver si ty

o f onSeptembes3d201bwith dha n o a

identical compass caliétion proceduras during the prdeployment calibratiorResults from

the WHOTSL11 postdeployment ADCP compass field calibration procedueelisted inTable
5-5 (Figure5-9 and 510).

Table5-5. Results from the WHOTH. postdeployment ADCP compass field calibration procedure

300 kHz

Single

Double

RMS of 34

Largest Over Pitch Roll
Cycle Cycle Double + Order and all Mean and Mean and
Error Error Single Cycle Higher + Error Standard Standard
®) ®) Error Random Error ® Deviation Deviation
) ) ) )
After 3.38 0.34 3.72 0.18 345 | 007+ 158 -0.36+ 1.18
Calibration ' ' ) ) ) T T
600 kHz Single | Double Largest RMS of 3¢ Over Pitch Roll
Cycle Cycle Double + Order and all Mean and Mean and
Error Error Single Cycle Higher + Error Standard Standard
°) °) Error Random Error ®) Deviation Deviation
) ) ) ©)
After
Lo 2.73 0.21 2.94 0.18 2.76 -1.63+1.39 | 0.09+1.®
Calibration
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WH-11 300kHz ADCP 7637 Compass Spins
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Figure 5-9. Results of thegstcruise compass calibration, conduct®dptember 3020150n ADCP SN'637at the
Uni versitgManba. Hawai 6i
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WH-11 600kHz ADCP 13917 Compass Spins
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Figure 5-10. Results of theostcruise compass calibration, concted September 302015 on ADCP SN 1825t
the University of Hawai 6i at Manoa.

2. ADCP Configurations

Individual configurations forthe wo A D C P &Vv8IOT&l modnirggare detailed in
Appendices 1 and 2. Thsalient differences for each of theD C Pabessummarized below.

300 kHz (125m)

The ADCR set to a beam frequency of 300 kMas configured in a burst sampling mode
consisting of 40 pings per ensemble in order to resolvdreguency wave orbital motions. The
interval between each ping wasetsnds so the ensemble length was 160 seconds. The interval
between ensembles was 10 minutes. Data were recorded in earth cesndittaa heading bias
of 9.47 E used.This heading bias was corrected in pdsployment processing to a heading
bias 0f9.75 E. False targetsusually 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.
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600 kHz (47.5m)

The ADCP, set to a beamrefjuency of 600 kHz, was configured in a burst sampling mode
consisting of 80 pings per ensemble. The interval between each ping was 2 seconds so the
ensemble length was also 160 seconds. The interval between ensembles was 10 Dataites.
were recordedhni earth coordinates with a heading bias of 9.47° E used. This heading bias was
corrected in postleployment processing to a heading bias of 9.75Tle thresholdnaximum
was also set to 70 counts. Velocity data were rejected if the difference imeatgity among
thefour beams exceeded this threshold.

3. ADCP data processing procedures

Binary files output from the ADCP were read
using scripts devel opbtg://corment.doest.hawaieduThen gbébs ADCP
beginning of the raw data files were truncated to a time after the mooring anchor was released in
order to allow time for the anchor to reach the seabed and for the mooring motions that follow
the impact 6the anchor on the sea floor to dissipate. The pitch, roll, and ADCP temperature
were examined in order to pick reasonable times that ensured good data quality but without
unnecessarily discarding too much da&im(re5- and

Figure5-72). Truncation at the end of the data files were chosen to be the ensemble prior to
the time that the acoustic release signal was sent to avoid contamination due to the ascent of the
instrument The times of the first ensemble from the raw data, deployment and recovery time,
along with the times of the truncated records of both deployments are shoaiab-6.

Table5-6. ADCPrecord times (UTCyluring WHOTSL1 deployment.

300 kHz 600 kHz
Raw file beginning | 14-Jul201400:00 14-Juk201400:00
and end times 16-Jul2015 01:59:59 06-Jun2015 11:16:40
17-Jut2014 02:40n water 17-Juk2014 02:40n water
Deployment and 14-Jul2015 16:56anchor over 14-Juk2015 16:56anchor over
recovery times 16-Juk2014 19:45elease triggered 16-Juk2014 19:30Qelease triggered
14-Jul2015 23:370n deck 15-Jut2015 23:470n deck
Eéoffrfif]eda‘:%taen 4 | 17-3uk2014 0130 17-Juk2014 02:50
€g 9 14-Jul2015 18:40 27-May-2015 21:36
times
ADCP Clock Drift
Upon recovery, the ADCP clocks were compar e

difference between the two was recorded. It was foladfor 300kHz (SN 7637) ADCP the

clock on the instrument was sldwy 2 minutes 46 secondd he clock on the 60KHz (SN

13917 could not be determined, as the ADCP had stopped collecting data before recovery and

could not be accurately benchmarked against a GPS. dlbeKastvalue in the quality

controlled 600 kHz data set was2qtMay-2015 21:3@&JTC.Past depl oyment s of 1
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suggest a 9 mi onudua SimtetHe tirdt regresents just ena émtde out of a

total of over 58)00, no corrections were maddowever thigdrift may be significant if the data
are used fotime dependerdnalysissuch agidal or spectrunanalysis a drift correction needs

to be applied in those cases

Heading Bias

As mentioned in the ADCP configuration section, the dat@ werorded in earth
coordinates. A heading bias, the angle between magnetic north and true north, can be included
in the setup to obtain output data in true earth coordinates. Magnetic variation was obtained
from the National Gemagpdd sd alad u IDaatt ar .Cent er 0Ge
(http://www.ngdc.noaa.gov/seg/geomadror a year long deployment a constant value is
acceptable because the change in declination is small, approxinda®ey year at the WHOTS
location. A heading bias &.47 E was entered ine setup of the WHOT$1LA D C P lbus
was corrected to 9.7% during postdeployment processing.

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) and the temperature recorded by
the transducer temperature sensor of the ADCP. Using CTD profilse to the mooring during
HOT cruises, HO243 to HOTF253 and from the WHOTS deployment/recovery cruises, the
mean salinity at 125 dbar was 3%.while the mean salinity at 47.5 dbar was 35)24¢an
ADCP temperaturat 125 dbawas 2.52 °C and 24.65C at 47.5 dbafFigure5-8). The
maximumassociated mean sound velocity differendess thar0.4 m s* which represents a
change of less than 0.03%, so no correction was made.
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Figure 5-11. Temperature record frote 300 kHz ADCP during WHOTIS mooring (top panel). The bottom
panel shows the beginning and end of the record with the green vertical line representing/éiteritime during
deployment and owdf-water time for recoveryThe red line represents the anchor release and acoustic release
trigger for deployment and recovery respectively.
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WHOTS-11: WH 600HKz ADCP
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Figure 5-72. Same as Figure-h1, but forthe 600 kHz ADCP.
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Sound Speed Profile (m/s) during WHOTS-11 Deployment 17-Jul-2014 to 14-Jul-2015 from
0 HOT Stn 50 CTD casts and CTD casts during WHOTS-11/12 cruises
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Figure 5-83. Soundspeedprofile (top panel) durng thedeployment of the WHOTHE. mooring from 2 dbar CTD

data taken during regular HOT cruises and CTDfies taken during the WHOTR recovery/deployment cruise

(individual casts mdtedwith a red diamond). The bottom left panels show the sound velocity at the depth of the
ADCPb6s (47.5 m and 125 m), with the mean sound velocit:
the temperature and salinity at each ADCP depthHertime 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 orientatioand diagnostidields to develophe basis of th@C flagging procedures
Details of the methodssed can be found in tMYHOTS Data Report 1 (Santiagandujano et
al., 2007).The following QC procedures weapplied tothe WHOTS11 deploymentADCP
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 sound energy produced during a transmit
pulse at the transducer to dissipate before the ADCP is able to properly receive the
returned ekoes. The blanking interval is used to prevent useless data from being
recorded. Ifitis too short, signal returns can be contaminated from the lingering noise
from the transducer. The default value for the blanking interval, (expressed as a
distance) 1.76 m was used for the 300 kHz ADCP, whereas an interval of 0.88 m was
used for the 600 kHz ADCP. Thus bin 1 was flagged and replaced with Not a Number
(NaN) in the quality controlled datag&igure 5-94).

WHOTS-11 : 300 KHz ADCP
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Figure 5-94. Eastward velocity component for the 300 kHz (top panel) and the 600 kHz (bottom panel) ADCPs
showing the incoherence between depth 1 (red) and bins 2 (green) 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 interference (RDI, 1996).
This is a result of stronger signal reflection from the sea surface (than from scatterers)
overwhelminghe sidelobe suppression of the transducer. Data are flagged using echo
intensity (a measure of the strength of the return signal) from each beam to determine
when the signal is contaminated with reflection from the sea surface. In practice, the
majority of the data within the upper 4 bins (~14% of the vertical range) were flagged.
These upper 4 bins range from about 15 m up to the sea surface.

3) The use of four beams (along with instrument orientation) to resolve currents into their
component eartheferenced velocities provides us with a second estimate of the vertical
velocity. The scaled difference between these estimates is defined as the error velocity
and it is useful for assessing data quality. Error velocities with an absolute magnitude
greaterthan 0.15 m'$ (a value comparable to the standard deviation of observed
horizontal velocities) were flagged and removed.

4) An indication of data quality for each ens
indicator which accompanies each individual béaneach individual bin. The use of
the percent good indicator is determined by the coordinate transformation mode used
during the data collection. With profiles transformed into earth coordinatestfees
caseof theWHOTS 11 deploymen)the percengood 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
instrument setufseeAppendix 1: WHOTSL1 300 kHz ADCP Configuratign Data
were flagged when data in each depth cell within an ensemble made from 3 or 4 beam
solutions was 20% or less.

5) Data were rejected using correlation magnitude, which is tlse-fnipulse correlation
(in ping returns) for each depth cell. aliyonebeam had a correlation magnitude of 20
counts or less, that data point was flagged.

6) Histograms of raw vertical velocity data and pdistialeaned data from the ADCRde
Figure5-105 and 516 and theWHOTS Data Report 1 (Santiagandujano et al.,
2007) showed vertical velocities larger than expected, some exceeding 1 Resall
that the i nstr umsoortdn@rvalder thes 300 kéland gsedcondg (4
intervals for the 600 kHz, for 160 seconds every 10 minutes) was designed to minimize
aliasing by occasional large ocean swell orbital motions (Sectj@n8)thereforare
not the source dhese large speeds in the ddtheselarge vertical speedse possibly
fish swimming in the beantsased on the histograms of the partially cleattedd;depth
cells with an absolute value of vertical velocity greater than 0.3 wese flagged.
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Figure 5-105. Histogram of vertical velocity of the 300 kHz ADCP for raw data (top panel) and enlarged for clarity
(upper middle panel), and for partial quality controlled data (lower middle panel) and enlarged for clarity (bottom).
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Figure 5-116. Histogram of vertical velocity of the 300 kHz ADCP for raw data (top panel) and enlarged for clarity
(upper middle panel), and for partial quality controlled data (lower middle panel) and enlarged for ¢faritgm).

7A quality control routi ne kunfazabinsusinga 6edger s
five point median differencing method. The median velocity fsoimfacebins was
calculated for each ensemble, and then a five point running mediansoifrtheebin
median was calculated. This was then compared to individual velocity observations in
the surfacéins, and those differing by greater than 0.48 m/s were flagged.

8) A 5-pole low pass Butterworth filter with a cutoff frequency of 1/4 cyclas/as used
upon the length of the tirgeries to isolate low frequency flow for each bin
independently. The low frequency flow is then subtracted giving a time series of high
frequency velocity component fluctuations for each bin. Data points wereleeti
outliers when their values exceeded four standard deviations from the mean (for each
bin) and were removed.

9) A median residual filter used apoint (70 minute) median differencing method to
define velocity fluctuations. A-point running mediarsicalculated for each bin
independently and the result is subtracted out giving time series of fluctuations relative
to the running median. Outliers greater than four standard deviations from the mean of
the 7 points are flagged and removed for each bin.
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10)Meticulous verification of all the quality control routines was performed through visual
inspections of the quality controlled velocity data. Two methods were utilized; time
series of u and v components for multiple bins were evaluated as well aduadlivi
vertical profiles. The timeseries 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 other four bins was investigated furfhier
seemed that there could be no reasonable rationale for the erratic points from the
identified bin, the points were flagged [deeor! Reference source rot found.5 and
Error! Reference source not found.and the WHOT ®ata Report 1 (Santiago
Mandujano et al., 2007)]. The intent of the vertical inspection of vertical profiles of the u
and v components was to find entire profiles that were not aligned with neighboring
profiles. Thirty u and v profiles were stacked &itv@e and were visually inspected for
any anomalous data.

C.  Vector Measuring Current Meter (VMCM)

Vector measuring current metexXdCM ) were deployed on the WHOTHEL mooring at
depths of 10 m and 30 nT.he compass from both instruments did not recotd daring the
deployment, therefore the currelitectionis not availableVMCM data wergrocessed by the
WHOI/UOP group.A copy of the processing report is in Appendix 3 in SecsidnVMCM
record times are shown rable5-7.

Table5-7. Record times (UTC) for théMCMs at 10 m and 30 m during the WHOISdeployment

WHOTS 11
VMCMO062 VMCMO083
Deployment and | 16JuF2014 18:42 16-Juk2014 18:16
recovery times | 15-Juk2015 01:31 15-Juk2015 01:42
Processedfile | - . 110410 17-JU-2014 04:10
beg'”rt‘i'%%:‘”d end| 143012015 16:55 14-Juk2015 16:55

Daily (24 hour) movingverages ofjuality controlleds00 kHzADCP dataare comparetb
VMCM current speddata interpolated to the ADCP ensemble timebe top panels of

Figure5-127 andl8, and the difference is shown in the middle panels. The absolute value of
the mean difference plus or minus one standarcatleniis shown at the top of the middle panel.
Speedsarenot compared if greater than 80% of the ADCP data within aoBAdverage was
flagged. The absolute value of meanmrent speedifferences fothe VMCMs at 10 and 30 m
had a mean of 8m/s, wth standard deviations of&n/s. The/MCM data does nappear to
degrade over time for any deployment. Propeller fouling would dampen mesddéid
velocity magnitudes, but a decreas& MCM velocity magnitude compared to ADCP velocity
magnitude with tne is not observed
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D. Global Positioning System Receiver and ARGOS Positions
XeosGlobal Positioning System receivi¢MEI 300 340 1370 198and ARGOS beacon

SN7580were attached tde tower top of the buoy during the WHOTS deployment Data
returrs from the receiversvere high(Table5-8). Both instruments functioned until recovery

Table5-8. GPSand ARGOSecord times (UTC) during WHOTEL

WHOTS 11 Xeos GPS ARGOS
Raw file beginning 17-Juk2014 04:33:42 17-Juk2014 05:04:00
and end times 14-Juk2015 16:45:45 14-Jun2015 03:53:00

ARGOS positions were available during the WHOGIdeploymemn and they provided
additional i nf or ma tAR@OSdatawerd rbcerded a0 onyies mot i on.
intervals,although there are some small gapepeated timepresent in the recordSamples
taken before mooring deployment were eliminat&atawere screened for points that were
greater than 2.5 nautical miles from the surveyed anchor positions for each deployment which
was considered to be the buoy watch circle radius. The velocity magnitude was calculated and
positions that resulted in speagteater than 1 mi’swere removed. Data were interpolated onto
a regularime gridin order to compute spectra.

For comparison,

Figure5-s hows t he ARGOS buoyds positiontse toget he
WHOTS 11 deployment. The standard deviation of the difference between these two records is
about900 m.

The ARGOS positions of the WHOTHL buoy for the duration of the deployment are in
Figure5-140, and showshe colorcoded positions according to their data quality. The data
quality is determined by its distance from the satellite track. Data of a better quality have a
higher flag number: 3 is for a distance less than 150 mfo2 &sdistance between 1506850
m, and 1 is for a distance between 350 and 1000 m. For the duration of the deployment, the buoy
had a meaposition of about 1.&m from the anchor, with a standard deviation of about 600 m.
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Figure 5-19. WHOTS11 buoy positionfom ARGOS data (black line), and from GPS data (red line). The top and
two middle panels show the latitude 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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panels). The data are colored according to their quality control flag, 1: green, 2: light blued.3The black circle

n the center of the left side panels is

t he

ocat.i

the mean distance between the buoy and its anchor, and the dashed line is the mean plus minus one standard
devidion.
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6. Results

During the WHOTSL1 cruise (WHOTSL1 mooringdeploymen), Station ALOHA was
under the influence of the eastern North Pacific high pressure system, and the associated east
northeasterly trade winds. Conditions were favorable for deployofieghé WHOTS11 mooring
on 16 July, with 1818 kt ENE winds. Weather conditions remained favorable durint9liuly,
with ENE wind speeds of 17 kts with occasional higher gusts. Tropical storm Wali started
developing SE of Hilo, but weakened to below tcapstorm status before reaching the islands.
However Wali did cause overcast conditions and a few showers during the WHOM8oring
recovery on 20 Julgausing an apparent drop in the sea surface salinity as indicated by the
thermosalinograph recof&igure 613). Winds intensified to 225 kts, with swells in the-80
ft range in the morning of the mooring recovery on 20 July, only to decrease to less than 10 kts
soon after, and for the rest of the day. Winds were from the east in-geki8ange o the
morning of 22 July, but intensified to 2B kts with occasional higher gusts (up to 45 kts) for
the rest of the day, causing the cancellation of additional CTD casts that were planned for that
day. Neatsurface currents were slightly westward dutiragnsit near Station ALOHA, turning
NNEward at about 0.2 m/s during the WHQOTISE mooring deployment, and fluctuating from
NEward to NWward the rest of the cruise. There were no obvious cyclonic -@yalunic
eddies present, although a combination ténmal semidiurnal and diurnal tides, along with near
inertial oscillations, were noticeable especially in vertical SHe8D casts conducted near the
moorings Error! Reference source not found.throughError! Reference source not found),
displayed a subsurface salinity maximum at 50 dbar

During theWHOTS-12 cruise,(WHOTS-11 mooringrecovery, Station ALOHA was under
the influence okastnortheasterly trade wind# addition, the remnants of Tropical Storm Ela
were moving northwestward to the north of the islands, bringing hot and humid conditions
(relative humidity about 96% as measured by
during the WHOTSL2 deployment on July 112" were marginal, with nearly 20 kt NEinds
and 56 ft waves from the NE. Weather conditions were favorable on Jifiyht@ugh 14", with
NE wind speeds of 130 kt with occasional higher gusts. Winds were 18 kt from the east on
Jlél}}/ 14" -15" during the WHOTSL1 recovery, and remainedtime 1517 kt range on July 15
16"

Nearsurface currentsverenearly 0.5 m $ SSWward for the duration of the WHOTS®
cruise. There were no obvious cyclonic or amyitlonic eddies present, although a combination
of internal semidiurnal and diurn@itles, along with neanertial oscllations, were noticeable
CTD casts conducted near the mooringedr! Reference source not found.throughError!
Reference source not found, displayed droadsubsurface salinitynaximumbetween 40 and
120dbar.

The temperature MicroCAT records during the WHGEIISIeploymen{Figure6- through
Figure6-) show obvious seasonal variabilitytime upper 100 m, and a sudden drop dudinlg
2015 apparent belo@5 m, but more obvious in the deepestrumentsThe salinity records
(Figure6- throughFigure6-23) do not show an obvious seasonal cycle,itosttiows an increase
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between November 2014 and May 2015, tawal instances of salinity decrease durggust
2014and May 205 by the instruments located abo&gm.

Figure6- and
Figure6-33 show contours of the WHOTSL MicroCAT data in context witldata fromthe
previousl0 deployments. The seasonal cycle is obvious in the temperature record, with record
temperatures (higlhehan 26°C) in the summer of 2004 aimdthe summer of 20145alinities in
the subsurface salinity maximum were relatively low during the first 6 years of the rectyrd,
to increaselrasticallyafter2008, with some episod®f lower salinity in mieR011, early 2012
early 2013, and mi2014 The salinity maximunextendedo nearthe surface during some
instances in early 2010, 201ate 2012early 2013during FebruaryMarch2013 and early
2015 When pdcaotdinaged( i n 0
Figure6-33) , t he salinity maximum seems tp be cent e

Records from the WHOT31 SeaCATqFigure6-32) deployed near the bottom of the
mooring(4671m)det ect ed temperature and salinity chan
apparently caused by bottom water moving between abyssal basins (Luka20€IalThese
events are being monitored by instrurtseat the ALOHA @bled Observatory (ACO, Howe et
al., 201}, a deep water observatory located at the bottom of B#@&LOHA (about 6 nautical
miles west from the WHOT-&1 anchor) since June 201 Eigure6-32 shows temperature and
salinity records from the WHOT$L SeaCATssuperimposed on the ACO dafde SeaCAT
dataagreed witlthe suddentemperaturelecreasandthe salinity increaseegistered by ACO
instrumentsn November 2014luringa 6 c ol d e v kerinstumentp alse shawethe T
gradual return to temperature and salinity values observed before the event

Figure6- through

Figure6-38 show time series of the zonalendional, and vertical currents recorded with the
moored ADCPs during the WHOTR deploymentandFigure6- shows the currents at 10 and
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30 m collected by the VMCMsigure6- through

WHOTS 1-11 ADCP Verticdl speed (M s_w)
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. ‘ |‘ -01
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Figure6-35 show contours afhe ADCP current componenis context with data from the

previous deployments$n spite of the gaps in the data, an obvious variability is seen in the zonal
and meridbnal currens, apparently caused by passing eddies. On top of this variability there
have been periods of intermittgrasitive or negative zonal currents, for instance during2007
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2008. The contours of vertical current component (

WHOTS 1-11 ADCP Verticdl speed (M s_w)
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Figure6-35) 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 47.5
m.

A comparison between the moored ADCP data hedshipboard ADCP data obtained
during the WHOTSL1 cruise(during the WHOTSL1 mooring deployment¥ shown inFigure
6-39 andFigure6-. Similar comparison during th&HOTS-12 cruise (WHOTSL1 mooring
recovery) is shown in Figure#a and Figure-80b.Some of the differences seen especially in
the zonal component may be due to the mooring motion, which was not removed from the data.
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Comparisons between the shiplbADCPfrom HOT cruises and the mooring data are
compiled inTable6-1, and shown irrigure6-4 throughError! Reference source not found.
The correlabn coefficient from these comparisons is higher tharid.éhe majority of the
cruises.

The motion of the WHOTS1 buoy was registered by the Xe@$S receiver, and its
positions are plotted iRigure6-58. The buoy was located west of the ancfurithe majority of
thedeploymentexcept during Septemb@rctober 2014, and for short periods in February 2015
when it was east of iPower spectrum of these dakagure6-55) 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 dataRigure6-56), showed that the tilt increased as the buoy distémmn
the anchor increasedhis was expected since the inclination of the cable increases as the buoy
moves away from the anchor.

A. CTD Profiling Data

Profiles of temperat ur e),fronstleelcasts obtaiped dunndythe ot e nt
WHOTS 11 deploymet cruiseare presented irror! Reference source not foundl through
Error! Reference source not found6, together with the results of the determination of
salinity. Figure6-7 through

Figure6-12 arethe results of the CTD profileturing the WHOTSL2 cruise.

WHOTS 11 Data Report 62



WHOTS-11 Stn 52 Cast 1 22.67°N 157.98°W 16:08Z 18 Jul 201
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Figure6-1.[ Left panel s] Profiles of CTD tg4anpfnctonafpressure,sal i ni

including discrete bottle salinity samples (when available) for station 52 cast 1 (top left) and cast 2 (bottom left)
during the WHOTS.1 cruise

[Right panels] Profiles of CTD salinity as a function of potential temperature, including discrete bottle salinity
samples (when available) for station 52 cast 1 (top right) and cast 2 (bottom right) during the WIH @fitse.
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WHOTS-11 Stn 52 Cast 3 22.68°N 157.98°W 23:50Z 18 Jul 201
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Figure 6-2. [Upper panels] Same as in Figurel but for station 52, cast 3.
[Lower panels] Same as in Figurelg but for station 52, cast 4.
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WHOTS-11 Stn 52 Cast 5 22.77°N 157.96°W 16:10Z 17 Jul 20:
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Figure 6-3. Same as ifrigure 6-1, bu for station 52, cast 5.
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WHOTS-11 Stn 50 Cast 1 22.77°N 157.96°W 16:10Z 17 Jul 201
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WHOTS-11 Stn 50 Cast 2 22.76°N 157.94°W 19:52Z 17 Jul 201
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Figure 6-4 [Upper panels] Same as kigure 6-1, but for station 50 cast 1.
[Lower panels] Same as irigure 6-1, but for station 50 cast 2.
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WHOTS- 11 Stn 50 Cast3 22.78°N 157. 93°W 00 04z 18 Jul 201

0 30
20}
40 o 2]
O
60 | >z
2 Q5o
§ g0l 320
©
Z 100} g
g = 15
ﬁuo o
S 140t %’10»
160 g
&

-
(o]
o

wm

200
220 0 : L :
0 T10 (20% 30 34 34.5 35 35.5
l _Temperature ). ) Salinity
34 34.5 35, 35.5 36
I _ Salinity .
22 24 26 28
a,(kg/m?)
WHOTS li Stn 50 Cast4 22.77°N 157. 93°W 04 28Z 18 Jul 201
0 30
20t
40 - 25
&
60 f -
—_ @ o
5 80t 5 20
o ©
© —
— 100 ]
) £ 15
% 120 + K
£ 1407 % 10}
C
160 b
&
180 5|
200 ¢
220 0 . ; :
0 T10 (2C 30 34 34.5 35 35.5
| emperature Salinity
34 34.5 35. 35.5 36
L _ Salinity )
22 24 26 28
ag(kg/m3)

Figure 6-5. [Upper panels] Same as kigure 6-1, but for station 50 cast 3.
[Lower panels] Same as irigure 6-1, but for station 50 cast 4.
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WHOTS-11 Stn 50 Cast 5 22.78°N 157.93°W 08:11Z 18 Jul 201
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Figure 6-6 [Upper panels] Same as Figure 6-1, but for station 50 cast 5.
[Lower panels] Same as Irigure 6-1, but for station 50 cast 6.
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Figure 6-7 . [Left panel s] Profiles of CTDyas e fuxton o prassure,, s al i
including discrete bottle salinity samples (when available) for station 52 cast 1 (top left) and cast 2 (bottom left)

during the WHOTS.2 cruise.
[Right panels] Profiles of CTD salinity as a function of potential temperature, including discrete bottle salinity
samples (when available) for station 52 cast 1 (top right) and cast 2 (bottom right) during the W2 @fitise.
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