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1. Introduction

In 2003, Robert WelleMfoods Hole Oceanographic Institutipi/HOI]), Albert Plueddemann

(WHOI) and Roger Lukas (University of Hawaii [UH]) proposed to establish atiemg surface

mooring at the Hawaii Ocean Tirseries (HOT) Station ALOHA (22°48, 158°W) to provide
sustained, higlguality airsea fluxes and the associated upper ocean response as a coordinated
part of the HOT program, and as an elenaérthe globalkrray ofocean reference stations

supported by the National Oceanic and Atmospheritcmi ni st rati ondés ( NOAA)
Climate Observation.

With support fromNOAA and the National Science Foundation (NSF), the WHOI HOT Site
(WHOTS) surface mooring has been maintained at Station ALOHA since Augusf{T2@04.
objective of this project iootprovide longterm, highquality airsea 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 outfitted for meteorological and oceanographic measurements at a
site neaiStation ALOHADby successive mooring turnarounds. These observatiertseing used

to investigate aisea interaction processes related to climate vatiahitid change

Theoriginalmooring system is described in the mooring deployment/recovery cruise reports
(Plueddemann et al., 2006; Whelan et al., 20Bfiefly, a Surlyn foam surface buoy is equipped
with meteorological instrumentation including twamalete AirSea Interaction Meteorological
(ASIMET) systemgHosom et al. (1995), Colbo and Weller (2D0®neasuringir and sea

surface temperatures, relative humidity, barometric pressure, wind speed and direction, incoming
shortwave and longwave rad@ati, and precipitation. Complete surface meteorological
measurements are recorded every minute, as required to comgaéda Hirxes of heat,

freshwater and momentum. Each ASIMET system also transmits hourly averages of the surface
meteorological variablega the Argos satellite systeamd via iridium The mooring line is
instrumented in order to collect time series of upper oteaperatures, salinities and velocities

with the surface forcing recorthis includes vector measuring current meters, condyGt

salinity and temperature recorders, and Acoustic Doppler current profils(ADCPs). See the
WHOTS-7 mooring diagram irfrigure1-1.

The subsurface instrumentation is locatedically to resolve the teporal variations of shear
and stratification in the upper pycnocline to support study of mixed layer entrainment.
Experience with moored profiler measurements near Hawaii suggests that Richardsen nu
estimates over 10 m scales are adequate. Salirukyady important to the stratification, as salt
stratified barrier layers are observed at HOT and in the refiama (et al., 200050 we use Sea
Bird MicroCATs with vertical separation ranging fror28 m to measure temperature and
salinity. We use an Bl ADCP to obtain ctrent profiles across the entrainment zone amather
in the mixed layerBoth ADCPs arein an upwaredooking configiration, one isat 126 m, using 4
m bins and the other is a 47.5 m using 2 m bifs provide neasurface velocity (\were the
ADCP estimatesre lesgeliable) we deploy two Vector Measuring Current MetstigICMs).
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The nominal mooring design is a balance between resolving extremes versus typical annual
cycling of the mixed layefsee WHOTS Data Report2, SantiageMandyano et al., 2007).

MAX. DIA. BUOY WATCH CIRCLE = 4.4 N.Miles

Position: 22 46 N, 157 54 W XEOS GPS

Lascar At/H
VIASALA WXT 520

4 TR 1080 Fixed In Hull
Replace FlLoating SST

DEPTH
10 m VMCM in 3/4" coge
15 m MicroCat w/ Load Bar
20 m MAVS in cage
25 m MicroCat w/ Load Bar
30 m VMCM in 3/4" cage
ARDWARE DESIGNATION 35 m MicroCat w/ Load Bar
@) Yrdoint, 17 Chain Shackle, 40m MicroCat w/ Load Bar
1" EndLink, 3/4" Chain Shackle
© 3/4" Chain Shackle, 7/8" EndLink, 45 m MicroCat w/pressure
3/4” Chain Shackle
®)| 3/4 Chain Shackie, 75 m RDI ADCP in cage
3/47 Anchor Shackle 50 m MicroCat w/ Load Bar
© 3/4" Anchor Shackle, 7/8" EndLink,
/4% finchior’ Shdckle 55 m MicroCat w/ Load Bar
® 1" Anchor Shackle, 7/8" EndLink,
5/8" Chain Shackle _
©| 5/8: Chain Shackle, 7/8" EndLink, g2 MicroCat w/ Load Bar
565 Chiin! Snackle 75 MicroCat w/ Load Bar
m
® 5/8" Chain Shackle, 7/8" EndLink,
7/8" Anchor Shackle a5 m© MicroCat w/)
(@D| (1) 1.25" Master Link, (1) 5/8" Ch Sh. ® MDAk BIEPEERSTre
(1) 7/8" End Link, (1) 7/8" Anc Sh
85 m MicroCat w/ Load Bar
105 m MicroCat w/pressure
HARDWARE REQUIRED
(Includes approx. 20% Spares) 120 m MicroCat w/pressure
(2) 1" Chain Shackles RDI ADCP in cage
(2) 1" Anchor Shackles 125 m
(2) 1" Weldless End Link _
(2) 1.25" Master Link 135 m m MicroCat w/ Load Bar
(4) 7/8" Anchor Shackles
(2) 7/8" Chain Shackles
(85) 7/8" Weldless Links 155M l] MicroCat w/pressure
(100) 3/4”" Chain Shackles
(10) 3/4" Anchor Shackles
(65) 5/8" Chain Shackles

Water Depth= 4710 m
R rZr202 2000

WHOTS MOORING
7th Deployment - v1

Bridle with IMET Temp. Sensors at 1.0 m Depth,
and Backup ARGOS Transmitter

80 17" GlassBolls on 1/2" Trawler Chain

Dualed Acoustic Release EGG Model 8242
1 chain with release links

PO #1216
February 15, 2010

2.7 m Surlyn Buocy with
(2) IMET/ARGOS Telemetry,

7.75 m 3/4" Mooring Chain
2.82 m 3/4" Mooring Chain

3.6 m 3/4" Mooring Chain
2.8 m 3/4" Mooring Chain
3.28 m 3/4" Mooring Chain

2.82 m 3/4" Mooring Chain
3.66 m 3/4" Mooring Chain
3.66 m 3/4" Mooring Chain

1.20 m 3/4" Mooring Chain
0.5 m 3/4” Mooring Chain

3.66 m 3/4" Mooring Chain
870 m 7/16" Wire
8.70 m 7/16" Wire
870 m 7/16" Wire
870 m 7/16" Wire
870 m 7/16" Wire
13.6 m 7/16" Wire
3.66 m 3/4" Mooring Chain

870 m 7/16" Wire

18.75 m 7/16" Wire

250 m 3/8" Wire

500 m 3/8" Wire
500 m 3/8° Wire
500 m 3/8" Wire

.
g Special Wire/Nylon Termination << 100 m 3/8" Wre " >—one plece, wrapped termination

200 m 7/8" Nyjon
w/ thimble on bottom
2100 m 7/8" Nyon
thimble on tep

1500 m 1" Colmega

one piece, to be
spliced at seo

5 m 1/2° Trawler Chain

5 m 1/2" Trowler Chain
20 m 17 Samson Nystron
5 m 1/2" Trawler Chain

Figure 1-1. WHOTS7 mooring design.
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TheseventiWHOTS mooring WHOTS-7 mooring) was deployed iduly 2010 during a-@lay
cruise WHOTS7 cruise)aboard the R/\Kilo Moana and it was recovered in July 2011 during
a 10daycruise WHOTS-8 cruise) aboarthe NOAA ShipHi 6 i aAnaighthmooring
(WHOTS-8 mooring)was deployed during thR&HOTS-8 cruise;to be recovereth June 2012

This report documents and describes the oceapbgrabservations made on theventh

WHOTS mooringduring a period of nearly one year, and from shipboard dtimgwvo cruises

when the mooringvasdeployed and recovered. Sections 2 and 3, respectively, include a detailed
descriptionof the cruises anthe mooring Sampling and processing procedures 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
instrumentsSeaCATs, MicroCATsYMCMs, and moored ADCP. Plots of the resulting data and

a preliminary analysis are included in Section 6.

2. Description of the WHOTS-7 Mooring Cruises

A. WHOTS-7 Cruise: WHOTS-7 Mooring Deployment

The Woods Hole Oceanographic Indiidm Upper Ocean Processes Group (WHOI/UOP), with
the assistance of the UH group conductedstheenthdeployment of the WHOTS mooring on
board the R/\Kilo Moanaduring theWHOTS7 cruise between 27 Jugnd04 August 2010
TheWHOTS-7 mooring was deplged atHOT Station 500n 29 July 2010 at 02:37 UTChe
scientific personnel that participated during the cruise are list€dale2-1.

Table2-1. Scientific personnel on RKilo Moana during the WHOT-3 deployment cruise.

Cruise Name Title or function Affiliation

WHOTS7 |Weller, Robert Senior Scientist/PlI WHOI
Smith, Jason Senior Engineering Assistant WHOI
Whelan, Sean Engineering Assistant WHOlI
Ostrom, Will Senior Engineerigp Assistant WHOI
Signell, Elizabeth  |Project Manager WHOI
McCarty, Amanda |NOAA Observer NOAA
Lukas, Roger Senior Scientist/PI UH
Nosse, Craig Research Associate UH
Lethaby, Paul Technician UH
Snyder, Jefrey Marine Electronics Technician UH
Fumar, Cameron Research Associate UH
Keopaseut, Bo Research Associate UH
Gum, Joseph Student UH
Slotke, Danielle Grad Student UH
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Cruise Name Title or function Affiliation
Chou, Sherry Grad Student UH
King, Steven Teacher Shepherd
Polidoro, Vic Marine Technician UH/OTG
Vellalos, Kuhio Marine Technician UH/OTG
Goodman, Trevor [Marine Technician UH/OTG
Hashisaka, Dave Marine Technician UH/OTG

The shipboard oceanographic observations during the cruise were conducted by the UH group. A
complete description of these op&vas is availlle in theWHOTS7 cruisereport Whelanet
al., 2010.

The R/VKilo Moanawas used to deploy the WHOI/Smooring on 29 July at approximately

22° 45' N, 157° 53' W in 4703 m of water. The nominal WHOTS mooring site for WHEBT'S 1
and 5 had been at thisdation. Reoccupation of this site required two complete moorings to be
on deck between recovery and deployment. With a smaller working area on tKddr/V

Moana it was decided to simplify logistics by deploying WHOT $irst, followed by the
recoveryof WHOTS6 (on 2 August) thereby requiring a new anchor location.

The University of Hawaii provided CTD (conductivity, temperature and depth) and water
sampling equipmentThe CTD was installed inside a twelptace rosette with six-bter Niskin
samplng bottles.A SeaBird 9/11+ CTD system sampling at 24 Hz was used to measure T, S,
and Q profiles. The time, location, and maximum CTD pressure for each of the profiles are
listed inTable2-2.

A total of 13 CTD casts were cducted aStatiors 52 (near the WHOT6 buoy), 50 (near the
WHOTS7 buoy), and a te§tation The first cast abtation50 was to a depth of 1000 far the
purpose of calibrating the CTD conductivity cellsx STD casts were conductedadbtain

profilesfor comparison with subsurface instrumeosthe WHOTS6 mooring beforeecovery,

and six more casts were conducted for compamatnthe WHOTS7 mooring after

deployment. These were sited approximately 200 to 500 m frerauoys. The comparison casts
consisted of 5 yyo cycles between 5 dbar and 200 dbar and thé&00 dbar (6th yyo cycle

of each cast) except for the first casBtdation50 which went to 1000 dbar and only had 5

cycles. Station numbers were assigned following the conventeatdusing HOT cruises.

Water samples were taken from all casts; 6 samples for the 1000 dbar casts and 3 samples each
for the 500 dbar casts. These samples will be analyzed for salinity and used to calibrate the CTD
conductivity sensors.

Table2-2. CTD staibns occupied during th&/HOTS7 deployment cruise

Station Date | Time Location Maximum
(GMT) pressure (dbar
Test 7/28/10| 04:05| 21°47.09" N, 158° 15.13" W 1030
50/1 7/29/10| 15:59| 22°47.98" N, 157° 55.29" W 1030
50/2 7/29/10| 19:59| 22°48.14" N, 157°54.75" W 502
50/3 7/29/10| 23:57| 22° 48.33" N, 157° 55.05" W 500
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50/4 7/30/10| 03:53| 22° 48.00" N, 157°54.43" W 500
50/5 7/30/10| 07:56| 22° 48.34" N, 157° 54.86" W 500
50/6 7/30/10] 11:57| 22° 48.11" N, 157° 55.46N 500
52/1 7/30/10| 15:56| 22° 41.67° N, 157° 58.55" W 502
52/2 7/30/10| 19:48| 22° 41.78" N, 157°58.31" W 500
52/3 7/30/10| 23:57| 22° 41.75 N, 157°58.79" W 502
52/4 7/31/10| 03:55| 22° 41.60" N, 157° 58.06" W 500
52/5 7/31/10| 07:50| 22° 41.83" N, 157°863" W 502
52/6 7/31/10| 11:53| 22° 41.31" N, 157°59.25 W 500

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

TheR/V Kilo Moanawas equipped with an RD Instrunte Ocean Surveyor 38 kHz ADCP and

an RD Instruments Work Horse 300 kHz ADCP. Configurations for each system are shown in
Table2-3. The two systems used input from the gyro compass and corrected using a TSS
POS/MV 320 (an integited inertial and GPS system) to establish heading information. An
Ashtech ADUS is used as a heading correction device should there be a problem with the
POS/MV. Position data are provided by the POS/MV system with the Ashtech ADU5 and a
Trimble GPS adackups.

Table2-3 Configuration of the RD Instruments Ocean Surveyor 38 kHz ADCP and the Work Horse 300 kHz ADCP
on board the R/V Kilo Moana during the WHQOT8eployment cruise.

0OS38- Narrow 0OS38i Broad WH300

Sample interval (s) 300 300 120

Number of bins 70 75 32
Bin Length (m) 24 12 4
Pulse Length (m) 24 13 4
Transducer depth (m) 7 7 7
Blanking length (m) 16 16 4

Thethermosalinograpbbservationsver e made by t he shi dds

under wi

seawater system, drawing water from a nominal depth of 8 meters with a sampling interval of 10
seconds. The data were acquired continuously during the WHQ@Ti8se, with salt calibration
samples taken roughly twice per day from an outlet in the fwough system located less than

1.5 m from theéhermosalinographin addition, the temperature and salinity records were

checked against the CTD station data.
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B. WHOTS-8 Cruise: WHOTS-7 Mooring Recovery

The WHOI/UOP Group conducted the mooring turnatbgerations during th&/HOTS-8
cruise betweeb and 14July 2011aboard the NOAABipHi 6 i a ThaWHOITS8 mooring

was deployed alOT Station 52on 07 July 2011 at 01:08 UTC.

The scientific personnel that participated during the cruise are listabla2-4.

Table2-4. Scientific personnealuring theWHOTS8 cruise(WHOTS7 mooringrecovery)

Cruise Name Title or function Affiliation

WHOTS8 |Plueddemam, Albert [Chief Scientist WHOI
Lukas, Roger Professor/PI UH
Whelan, Sean Senior Engineering Assistant WHOI
Pietro, Ben Engineering Assistant WHOI
Boylan, Patrick \Volunteer WHOI
Ducombe Rae, Chris|Scientist WHOI
Snyder, Jefrey Marine ElectronicsTechnician UH
Fumar, Caneron Research Associate UH
Nosse, Craig Research Associate UH
Hashisaka, David  [Marine Technician UH
Gum, Joseph Student Assistant UH
Crigler, Emily \Volunteer NOAA

The shipboard oceanographic observations during the cruise were conductetd Hygtitoaip. A
complete description of these operations is available iIMHOTS-8 cruise repor{Whelanet
al., 2012).

A SeaBird CTD (conductivity, temperature and depth) system was used to measure T, $, and O
profiles during eleven CTD castBhe time Jocation, and maximum CTD pressure for each of
the profiles are listed imable2-5.

One cast was conducted at a test site near Oahu to 102GidbaCTD casts were conducted at
Station50 near the WHOTS mooringfor comparisn with subsurface instruments before its
recovery; each cast was to 500 dabr except the last one which was to 1020 di§zfCFosgests

were made dbtation52 near th&VHOTS-8 mooring forcomparison with subsurface

instruments after the WHOT& mooring @ployment; each cast was to 500 didese casts

were sited approximately 200 to 500 m from the buoys and consisted gfcicyales between

10 dbar and 200 dbar and then to 80@r (5th yeyo cycle of each cast) except for the last cast

at Station50 which went to 1020 dbar. Four to five salinity samples were taken from each cast to
calibrate the conductivity sensors used for the CTD profiling.

Additionally, five more CTD casts were conducted on July 12th as part of a survey through an

anticyclonic eldy that had been monitored during the cruise while on station. The survey
utilized five stationgFigure2-1). Station 51 was located northeast of the WHOTS mooring sites

WHOTS7 Data Report 6



in an attempt to assess the center of the eddy. Statma$Bcated southwest of the WHOTS
mooring sites to assess the area outside of the eddy. Station 2 is the center of Station ALOHA;
the primary site for HOT cruise work.

Stations 50 and 52 were the same sites used for the comparison work conductekDJag1a

and provided an opportunity for a temporal comparison of both the eddy and subsurface
instruments on the WHOTF8 mooring. All CTD casts conducted as part of the eddy survey were
to 1020 dbars.

Table2-5. CTD staions occupied during the WHOcruise(WHOTS7 mooring recovery).

Station Date | Time Location Maximum
(GMT) pressure (dbar
Test 7/6/11 | 06:05 21° 27.98" N, 158° 20.70" W 1036
52/1 7/7/11 | 16:07 22°40.57" N, 157° 58.97" W 498
52/2 7/711 | 19:36 22° 40.65" N, 157° 59.03V 502
52/3 717/11 | 23:45 22° 40.88 N, 157° 59.4° W 502
52/4 7/8/11 | 03:50 22° 40.93" N, 157° 59.14NV 510
52/5 7/8/11 | 07:31 22° 40.49° N, 157° 59.66" W 506
50/1 7/9/11 | 15:43 22° 46.56" N, 157° 55.95" W 504
50/ 2 7/9/11 | 19:37 22° 46.57" N, 157° 56.01" W 504
50/3 7/9/11 | 23:36 22°47.00" N, 157° 55.87" W 504
50/4 7/10/11| 03:42 22° 47.00" N, 157° 55.66" W 508
50/5 7/1011| 07:32 22° 46.84° N, 157° 55.90" W 1022
51/1 7/1211| 16:15 22°47.85 N, 157° 496 W 1022
50/6 7/12/11| 18:06 22°46.90" N, 157° 56.00V 1014
2/1 7/12/11| 19:47 22° 4495 N, 158° 00.00W 1018
52/6 7/12/11| 21:46 22° 40.97" N, 157° 59.02" W 1016
53/1 7/12/11| 23:53 22° 40.02° N, 158° 05.04" W 1024

,

N
w
o
()
>

|
N

a webpage address, title, or bookmark

e 2 Y N
e« Siad
o)
-

158°30°W 15890°'W 157930°'W

Figure 2-1. General map of hydrographic survey on 12 July 2011.
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In addition, continuous acoustic Doppler current profiler (ADCP) and near surface
thermosalinograph data were obtained while underway.

TheNOAA ShipHi 06 i amasseegugoped with an RD Instrients Ocean Surveyor 75 kHz
ADCP, set to function in broadband and narrowband configurations. Configurations for each
system are shown ihable2-6. The ADCP used input from S.G. Brown gyrometeanda

Furuno GP 90 GP&ceiver to establish the heading and attitude of the ship whiAp@lanix
POSMV4system archived attitude data for use in faystessing.

Table2-6. Configuration of the Ocean SurveytBkHz ADCP on board tHdOAA ShifH i 6 i aduriagkthee i

WHOTSS cruise.

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

Nearsurface tempature and salinity data for WHOTF8cruise were acquired through

A

thermosalinograph system abo&@AA ShipHi 0 i aThesystem was comprised ofaa

Bird model SBE21me as ur i ng

temperatur e

and

conductivit

system Thesenstruments were set to record data every 60 secbi@BA ShipHi 61 eésa k a i
a thermosalinograph intake depth of Detow the sea surface in the bow thruster robine

data were acquired continuously during the WHEBISuise, with salt calibration sares taken
roughly three times per day from an outlet in the flow through system tbleste than 0.5 m

from the TSG.

3. Description of WHOTS-7 Mooring

TheWHOTS-7 mooring, deployed ofi4 June 2012rom R/V Kilo Moana was outfitted with
two complete setsef ASIMET sensors othe buoy and subsurfagestruments from 10 to 155 m
depth Figurel-1). TheWHOTS7 recovery onl4 July 2013esulted in 39%lays on station.

An internallylogging SeaBird SBE39 temperatureensor was housed in a foam collar and
mounted on the outside face of the buoy hull. Vertical rails allowed the foam to move up and
down with the waves, so that the sensor measured the sea surface temperature (SST) within the
upper 1620 cmof the water clumn. This floating SST sensor operated for the full deployment

and showed temperatures that agreed well with the ASIMET SST measured beneath the buoy

hull at 1 m depth.

The tower also contains a radar reflector, two marine lanterns, and two indepemyant
satellite transmission systems that provide continuous monitoring of buoy position. M¥kos
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Global Positioning System (GP&)ceiver, a SBE9 temperature sensor adapted to measure air
temperature and a Vaisala W>6R0 multivariable (temperaturéaumidity, pressure, wind and
precipitation) were also mounted on the tower. A fourth positioning system (SiS Argos
transmitter) was mounted beneath the hull. SST and salinity are measured by sensors bolted to
the underside of the buoy hl RBR temperaire sensops Several other instruments were
mounted on the buoy. A pG@ystem a pumped SBHG6 CTD and a SAMP. pH sensor were
mounted to the underside of the buoy. The SkéBhosted turbidity and dissolved oxygen

sensors. Five radiometers and a chpbndl fluorometer were also mounted in one of the buoy
access tubes.

Instrumentatia provided by UH for th&®/HOTS-7 mooringincluded15 SBE37 MicroCATS,

an RDI 300 Kz Workhorse ADCPan RDI 600 kHz Workhorse ADCRand a Nobska MAVS
acoustic velocitysensor. TheMicroCATs all measured temperature and conductivity, with 6 also
measuring pressure. WHOI provided 2 Vector Measuring Current Meters (VMCMs

Table3-1 providesa listing of theWHOTS-7 subsurface instrumentatia ther nominal depths
on the mooringalong with serial numbers, sampling rates and other pertinent information.
cold water spike was induced to el MicroCATs before deployment and after recovery by
placing an ice pack in contact with their temperatunsaeto check foany drift in their internal
clock.

The RDI 300 kHz Workhorse Sentinel ADCH\ 7637 with an additional external battery pack,
wasdeployed at 125 m with transducers facing upwards. The instrument was set to ping at 4
second intervals f0l60 seconds every 10 minutes. This burst sampling was designed to
minimize aliasing by occasional large ocean swell orbital motions. Bin size was set for 4 m. The
total number of ensemble records 885165 The first ensemble was aR28/2010 02:00:00Z

and the last was d118/2011 01:39:59ZThis instrumenineasured tempature

The RDI 600 kHz Workhorse Sentinel ADCEN 13917, with an additional external battery
pack, was deployed at 47.5 m with transducers facing upwards. The instrument waingeato
2-second intervals 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 fdihe
total number of ensemble records 88432 The first ensefnie was a#7/28/2010 02:0@0Z,

and the last was d120201123:09:5Z. This instrument also measured temperature.

The twoVMCMs, SN 035 and 03&ere deployed at 10 m and 30 m depth respectively. The
instruments were prepared for deploymieynthe WHOIUOP group and set to sample at 1
minute intervals. These instruments also measured temperature.

A Nobska MAVS SN 10264&coustic velocity sensor was deployed a 20 m in a downward
orientation. Thenstrument was set to ping as2cond intervals for 160 swwds every 30
minutes. This burst sampling was designed to minimize aliasing by occasional large ocean swell

orbital motions. The deployment of the MAWvas unsuccessful, a®Xf t he i nstrument

transducers failetb record data.
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Table3-1. WHOTS7 mooring subsurface instrument deployment information. All times are in UTC.

Sample Interval

SN: Instrument Depth | Pressure SN |(sec) Start Logging Data(GMT) | Cold Spike In (GMT) | Cold Spike Out (GMT) | Time in Water (GMT)
20182 RBR-1060 0 N/A 60 712212010 1:46:19 NA NA 07/28/10 | 19:20:34
20186 RBR-1060 0 N/A 60 712212010 1:00:00 NA NA 07/28/10 | 19:20:34
14813 RBR-1060 0 N/A 60 712212010 1:00:00 NA NA 07/28/10 | 19:20:34
14812 RBR-1060 0 N/A 60 7/22/2010 1:00:00 NA NA 07/28/10 | 19:20:34

22 SBE-56 0 N/A 5 712212010 1:00:00 NA NA 07/28/10 | 19:20:34

23 SBE-56 0 N/A 5 712212010 1:00:00 NA NA 07/28/10 | 19:20:34
1419 SBE-37 15 N/A 60 7/20/2010 2.01 NA NA 07/28/10 | 19:20:34
1306 SBE-37 15 N/A 60 712012010 2:01 NA NA 07/28/10 | 19:20:34

35 VMCM 10 N/A 60 07/21/10 18:25:48 NA NA 07/28/10 | 19:03:10
3382 Microcat 15 N/A 150 07/22/10 0:00:00 | 07/22/10 | 23:21:00 | 07/23/10 | 0:21:00 | 07/28/10 | 19:00:20
10261 MAVS 20 N/A 1800 07/26/10 0:00:00 | 07/27/20 | 20:25:00 | 07/27/10 | 21:.05:00 | 07/28/10 | 18:54:15
4663 Microcat 25 N/A 150 07/22/10 0:00:00 | 07/22/10  23:21:00 | 07/23/10  0:21:00 | 07/28/10  18:52:45

38 VMCM 30 N/A 60 07/23/10 18:37:30 NA NA 07/28/10 | 18:51:30
3633 Microcat K] N/A 150 07/22/10 0:00:00 | 07/22/10 | 23:21:00 | 07/23/10 | 0:2:00 | 07/28/10 | 18:48:30
3381 Microcat 40 N/A 150 07/22/10 0:00:00 | 07/22/10  23:21:00 | 07/23/10  0:21:00 | 07/28/10  18:44:20
3668 Microcat 45 5579 180 07/22/10 0:00:00 | 07/22/10  23:21:00 | 07/23/10  0:21:00 | 07/28/10  18:40:45
3917 600 kHz ADCP 475 N/A 600 72612010 0:00:00 | 07/27/20  19:45:00 | 07/27/10  20:03:00 | 07/28/10  18:39:10
3619 Microcat 50 N/A 150 07/22/10 0:00:00 | 07/22/10  23:21:00 | 07/23/10  0:21:00 | 07/28/10  18:38:40
3620 Microcat 55 N/A 150 07/22/10 0:00:00 | 07/22/10  23:21:00 | 07/23/10  0:21:00 | 07/28/10  19:40:20
3621 Microcat 65 N/A 150 07/22/10 0:00:00 | 07/22/10  23:21:00 | 07/23/10  0:21:00 | 07/28/10  19:45:40
3632 Microcat 75 N/A 150 07/22/10 0.00:00 | 07/22/10  23:21:00 | 07/23/10  0:21:00 | 07/28/10  19:48:45
4699 Microcat 85 10209 180 07/22/10 0:00:00 | 07/22/10  23:21:00 | 07/23/10  0:2:00 | 07/28/10  19:51:37
3791 Microcat 95 N/A 150 07/22/10 0:00:00 | 07/22/10  23:21:00 | 07/23/10  0:2:00 | 07/28/10  19:54:05
2769 Microcat 105 2949 180 07/22/10 0:00:00 | 07/22/10  23:21:00 | 07/23/10  0:21:00 | 07/28/10  19:56:55
4700 Microcat 120 2479944 180 07/22/10 0:00:00 | 07/22/10  23:21:00 | 07/23/10  0:21:00 | 07/28/10  20:04:55
7637 300 kHz ADCP 125 N/A 600 07/26/10 0:00:00 | 07/27720  20:05:00 | 07/27/10  20:23:00 | 07/28/10  20:05:20
3669 Microcat 135 5700 180 07/22/10 0:00:00 | 07/22/10  23:21:00 | 07/23/10  0:33:00 | 07/28/10  20:.07:45
4701 Microcat 155 10211 180 07/22/10 0:00:00 | 07/22/10  23:21:00 | 07/23/10  0:21:00 | 07/28/10  20:11:16

All WHOTS7 instruments were successfully recovemsgoveryinformation for the €T

instruments ishown inTable3-2.

All instruments on the mooring were successfully recovavieckoCAT SN 3617 was
recovered without a conductivity guard. Most of the instruments had some degree of biofouling,
with the heaviest fouling near the surface. Fouértended down to the ADCP at 125 m,
although it was minor at that level.
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All instruments returned full data records.

Table3-2. WHOTS7 MicroCAT Recovery Informan. All times stated are in UTC.

Depth . . Time out [Time of Time Logging Samples
(meters) Seabird Serial # of water |Spike Stopped Logged

07/12/2011 | 07/12/2011 07/12/2011

15 37S5M31486-3382 01:32 04:15:00 05:44:30 204,618
07/12/2011 | 07/12/2011 07/12/2011

25 37SM31486-4663 01:36 04:15:00 08:45:00 204,690
07/12/2011 | 07/12/2011 07/12/2011

35 37S5M31486-3633 01:41 04:15:00 05:18:30 204,607
07/12/2011 | 07/12/2011 07/12/2011

40 37S5SM31486-3381 01:43 04:15:00 05:22:00 204,609
07/11/2011 | 07/12/2011 07/12/2011

45 37SM31486-3668 23:24 04:15:00 05:54:30 170,518
07/11/2011 | 07/12/2011 07/12/2011

50 37SM31486-3619 23:19 04:15:00 05:58:00 204,623
07/11/2011 | 07/12/2011 07/12/2011

55 37S5M31486-3620 23:16 04:15:00 05:13:00 204,605
07/11/2011 | 07/12/2011 07/12/2011

65 37SM31486-3621 23:11 04:35:00 08:43:00 204,689
07/11/2011 | 07/12/2011 07/12/2011

75 37SM31486-3632 23:07 04:35:00 08:47:00 204,691
07/11/2011 | 07/12/2011 07/12/2011

85 37SM31486-4699 23:03 04:35:00 08:56:00 170,579
07/11/2011 | 07/12/2011 07/12/2011

95 37SM31486-3791 22:59 04:35:00 17:52:00 204,908
07/11/2011 | 07/12/2011 07/12/2011

105 |[37SM31486-2769 22:54 04:35:00 08:54:00 170,578
07/11/2011 | 07/12/2011 07/12/2011

120 37SM31486-4700 22:50 04:35:00 08:50:00 170,577
07/11/2011 | 07/12/2011 07/12/2011

135 37SM31486-3669 22:36 04:35:00 08:52:00 170,577
07/11/2011 | 07/12/2011 07/12/2011

155 37SM31486-4701 22:31 04:15:00 05:48:00 170,516

The data from the upwaidoking 300 kHz ADCP at 125 nwas good;the instrument was
pinging upon recovery. There appears to beohweiously questionable datrom this ADCP,
apart from neasurface artifacts.

The data from the upwaildoking 600 kHz ADCP at 47.5 m was godtie instrument was
pinging upon recovery. There appears to be no initial questionabléroiatahis ADCP, apart
from nearsurface artifacts.

4. WHOTS-7 and -8 cruise shipboard observations

The profile observations made duritng WHOTS cruises were obtained with a Sed
CTD package with dual temperature, salinity and oxygen serdeesurements were made to
betterthan 0.01C in temperature, 0.01 for salinignd 1.5¢ mol / kg i n di ssol ved
m. In addition, the R/\Kilo MoanaandNOAA ShipH i 6 i aanee kecuipped with a
thermosalinograplystem which provided a continuodspiction of temperature and salinity of
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the nearsurface layerHorizontal currents over a depth range of8@@ mwere measureby the
38 kHz ADCP wih a vertical resolution of 16 m, aoger the depth range 80-1000 m with the
shipboardr5 kHz Ocean Surveyd©S75)ADCP (narrowbandyvith avertical resolution ol6m
duringtheWHOTS-7 cruise Broadband mode for the OSADCP was availableluring the
WHOTS-8 cruise providingcurrent data over the range of-@50 m with a vertical resolution of
am.

A. Conductivity, Temperature and Depth (CTD) profiling

Continuous measurements of temperature, conductdiggolved oxygeand pressure were
made with the UH SeBird SBE-9/11PIlus CTD underwater unit #09P4370850 (referred to as
#0850)during theWHOTS7 andWHOTS-8 cruises. The CTD was equiped with aninternal
Digiquartz pressure sensor goars of external temperature, conductivity, and OXy&ssors.

Each of the temperatw@mnductivity sensor pairs used a $ed TC duct which circulated

seawater through independent pump and plumibistgllations.The CTD configuration also

included two oxygen sensors, installed in the plumbing for each sensor set. In both cruises, the
CTD was mounted in a vertical position in the lower part of a Rosette sampler, with the sensors'
water intakes locateat the bottom of the }@lace Rosette.

The package was deployed on a conducting cable, which allowed foimealata acquisition

and display. The deployment procedure consisted in lowering the packag&3althar and

waiting until the CTD pumps atted operating. The CTD was then raised until the sensors were
close to the surface to begin the CTD cast. The time and position of each cast was obtained via a
GPS connection to the CTDdaebox. Six Niskin bottles were used on the Rosette. &aluity

samples were taken on each cast for calibration of the conductivity sensors.

1. Data acquisition and processing.

CTD data were acquired at the instrument's highest sampling rate of 24 samples per second.
Digital data were stored on a laptop computer, &mdredundancy, the analog signal was
recorded on VHS video tapes. Backups of CTD data were made onto USB storage cards.

The raw CTD data were quality controlled and screened for spikes as descthed/HOTS

Data Report 1 (Santiagdandujano et al.2007).Data alignment, averaging, correction and
reporting were done as described in Tugtaal (1993). Spikes in the data occur when the CTD
samples the disturbed water of its wake. Therefore, samples from the downcast were rejected
when the CTD was oving upward or when its acceleration exceeded 0.5 im siagnitude.

The data were subsequently averaged iadb&@ pressure bins after calibrating the CTD
conductivity with the bottle salinities.

The data were additionally screened by comparing tes€nsor pairs. These differences
permitted identification of problems with the sensors. The data from only-@pair,
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whichever was deemed most reliable, is reported here. Only data from the downcast are reported,
as upcast data are contaminated bgttesvake effects.

Temperature is reported in the FBB scale. Salinity and all derived units were calculated using
the UNESCO (1981) routines; salinity is reported in the practical salinity scale7/@SS
Oxygen is reported inmol kg?.

2. CTD sensor calibration and corrections

Pressure

The pressure calibration strategy for CTD pressure transducer SN 101430 used during-WHOTS

7 and WHOTSS8 cruises employed a higuality quartz pressure transducer as a transfer

standard. Periodic recalibrations ofsthab 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 fronbench tests on the sensor against the transfer standard was applied.

Transfer Standard Calibration

The transfer standard is a Paroscientific Model 760 pressure gauge equipped with-& $0,000
transducer. This instrument was purchased in March 1988, amdnginally calibrated against

a primary standard. Subsequent recalibrations have been performed every 2.5 years on average
either at the Northwest Regional Calibration Center, at the Scripps Institute of Oceanography or
at Fluke Electronics (DH Instrumes Division). The latest calibrations were conducted at the
Scripps Institute of Oceanography in April 1999, May 2001, May 2003, and July 2005; and at
Fluke in July 2009 and November 2012.

CTD Pressure Transducer SN 101430 Bench Tests

CTD pressure transdar bench tests were done using an Ametdkd pump and a manifold to

apply pressure simultaneously to the CTD pressure transducer and to the transfer standard. All
these tests generated calibration data at six pressure levels between 0 and 450(hadbar, for
increasing and decreasing pressures. Pressure sensor SN 101430 was used during thé WHOTS
and WHOTSS8 cruises. The results of the bench tests on this sensor are shoalried-1. The

O-dbar offset is nearero and decreased slightly between®é&id 202, however, a more

accurate offset was later determined for the time that the CTD first enters the water on each cast.
The hysteresis from the bench tests has been small and showing desliglaiseA linear

pressure dependent offset is applied during data collection to correct fedH® @bar span

offset of about 1.24 dbai éble4-1), whichremained nearly constabétween 20Q and 202.
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Table4-1. CTD pressure sensofl@1430calibrations against the transfer standard

Calibration Date Offset @ 0 dbar | 0-4500 dbar offset Hysteresis
7 August 2012 -0.10 1.15 0.09
8 February 2012 0.00 1.19 0.06
12 August 2011 0.04 1.32 0.05
20 January 2011 0.15 1.20 0.10
12 August 2010 0.20 1.20 0.15
8 January 2010 0.20 1.30 0.16
9 September 2009 0.21 1.30 0.13
7 January 2009 0.28 1.10 0.10
26 August 2008 0.31 1.20 0.09
4 January 2008 0.27 1.10 0.12
24 July 2007 0.19 1.10 0.10
28 February 2007 0.05 1.00 0.08

Temperature

Two SeaBird SBE3-Plustemperature transducers (#1416 &2d54) were used during

WHOTS 7 and-8 cruises, and were calibrated at $3al before and after each cruise to an
accuracy better than 0x5103°C. Calibration coefficients obtained at S@iad are listed iriTable

4-2. These coefficients were used in the following formula that gives the temperature (in °C) as a
function of the frequency signd)(

Temperature = 1/{a+b[In(fo/f)]+c[Irf(fo/f)+d[In3(fo/f]}-273.15

For each sensor, we calculated thg@00C average offset for each calibration relative to the

oldest one, and applied a linear fit to these offsets. A single baseline calibration was cti@sen an
temperaturendependent offset relative to the baseline calibration was applied to the data to
remove the temporal trend due to the sensor drift. The maximum drift correction for WHOTS
cruises was less than 1.0 x*Q. The baseline calibration wadesgted as the one for which the
trend-corrected average from®C was nearest to the ensemble mean of these averages.

Table4-2. Calibration coefficients for SeBird temperature sensors. RMS residuals fiatibration give an
indication of calibration quality.

SN Date fo a b c d RMS

yymmdd (mC)
1416 ]120211 6233.55 3.68120995€)3 6.017269376€4 1.46850658€5 1.86458252&66 0.28
1416 111208 6233.66 3.6812087163 6.017223276€4 1.47288631465 1.91968969€6 0.27
1416 ]110804 6233.73 3.681210416€3 6.0171483064 1.4634373565 1.8111924066 0.25
1416 110331 6233.80 3.6812090963 6.017019936€4 1.4600005465 1.77202876€06 0.25
1416 101204 6233.82 3.6812093963 6.01690903€4 1.45809993465 1.76471840606 0.23
1416 100819 6233.89 3.6812104343 6.017127196€4 1.46569680465 1.8350333166 0.25
1416 ]100527 6233.99 3.681212406€3 6.017404046€4 1.471514966€5 1.872720266€6 0.23
1416 1100204 6233.95 3.6812139063 6.01743750€4 1.47499468®€5 1.9068309e06 0.23
1416 191013 6233.99 3.68121278€)3 6.01744647€4 1.472263606€5 1.868946296€6 0.22
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2454 1120216 2885.37 3.68121225€3 6.02188034d4 1.67634669€5 2.377149456€6 0.02
2454 111208 2885.40 3.68121094€3 6.02190055®4 1.67787094€5 2.3936283746 0.02
2454 110803 2885.43 3.68121237€3 6.02181187&4 1.67431280€5 2.3626750466 0.02
2454 1110331 2885.53 3.681210543 6.021846326)4 1.67414323€5 2.35175902€6 0.04
2454 1101202 2885.53 3.6812110963 6.02167367€4 1.67155798€5 2.34079627€6 0.04
2454 1100820 2885.55 3.6812121663 6.02179661€64 1.67421027€5 2.36179895€6 0.02
2454 1100527 2885.58 3.681213843 6.0218139264 1.67278598€5 2.343427096€6 0.02
2454 1100205 2885.55 3.6812151763 6.021919276€4 1.67936928-05 2.41015894€6 0.02
2454 191013 2885.59 3.681213804)3 6.02187721€4 1.67802268€5 2.39670329€6 0.04

A small residual pressure effect on the temperature sensors documented in Tupas et al. (1997)
has been removed from measurements oéthwith our sensors. Another correction to our
temperature measurements was for the viscous heating of the sensor tip due to the water flow
past it (Larson and Pederson, 1996). This correction is thoroughly documented in Tupas et al.
(2997).

Dual sensis were used during all casts of the WHOA&nd-8 cruises. The temperature

differences between sensor pairs were calculated for each cast to evaluate the quality of the data,
and to identify possible problems with the sensors. All sensors performedtoduring the

cruises, showing temperature differences within expected values. The mean temperature
difference in the water column was typically less than 2%°@in the 1000 m casts, with a

standard deviation of less than 0.5 x*2C below 500 dar. The largest variability in

temperature difference between sensor pairs was observed in the thermocline, where the standard
deviation reached nearly 1 x10C. These differences are not unexpected, since each sensor has
independent water intakes itpessible that when the CTD passes through this steep gradient
region each sensor measures water from slightly different levels, yielding significant temperature
differences.

Temperature sensor #1416

This sensor was used during the WHGT &nd-8 cruises This sensor has maintained a stable
drift for a long time.The calibrations from February 2009 through March 2011 yielded a sensor
drift of 2.48 x 10° °C day*, with an intercept of 2.0 x 1C and a RMS residual of 2.5 x40

°C. This drift was usetb obtain the correction faruise WHOTS/. When corrected for linear

drift to 1 August 2010 (the midpoint of the cruise dates), the 4 February 2010 calibration gave
the smallest deviation in the®°C temperature range from the set of calibrations redxajalso
corrected for linear drift to 1 August 2010). The deviation sak x 10° "C with less than 1 x
10*"C range of variation. The set of all calibrations had deviations in the range £% €.10

Drift corrections were obtained using this calibration as a basé&eeresulting drift correction

for the cruise was 05m C, which is insignificant(Table4-3).

The calibrations from February 2009 through May 2012 yielded a sensor drift of 3.64® 10
day?, with an intercept of 2.7 x 1°C and a RMS residual of 4.1 x46C, which wa used to
obtain the drift correctiofor cruiseWHOTS-8. Whencorrected for linear drift to 8 July 2011

(the middate when the sensor was used), the 8 December 2011 calibration gave the smallest
deviation in the & °C temperature range from the set btalibrations (also corrected for linear
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drift to 8 July 2011). Drift corrections were obtained using this calibratiorbasedineThe
resulting drift correction for the cruise wa&s05m C, which is insignifican{Table4-3).

Temperature sensor #2454

This sensor was used during the WHGOA 8nd-8 cruises. The calibrations from September
2008 through March 2011 yielded a sensor drift of 2.98%°00day* with an intercept 0f2.6 x
10*°C and a RMS residiiof 1.9 x 1¢ °C, and was used to obtain the drift correctiorcfaise
WHOTS7. When correctedadr linear drift to 1 August 2010 (the mahte when the sensor was
used), the 20 August, 2010 calibration gave the smallest deviation irbth€ Gemperare

range from the set of all calibrations (also corrected for linear drift to 1 August 2010). Drift
corrections were obtained using this calibration as a baseline. The deviation was2.&x 10
with less than 0.5 x 10 C range of variation. The setall calibrations had deviations in the
range + 4 x 10 "C. The resulting drift correction for the cruise wa€04m C, which is
insignificant(Table4-3).

The calibrations from September 2008 through May 364dl2led a sensor drift of 4.22 x £6C

day! with an intercept of 7.4 x 11°C and a RMS residual of 4.1 x40C, and was used to

obtain the drift correction for cruise WHO38 When corrected for linear drift &July 2011

(the middate when the ssor was used), the 3 August 2011 calibration gave the smallest
deviation in the & °C temperature range from the set of all calibrations (also corrected for linear
drift to 8 July 2011). Drift corrections were obtained using this calibration as a &asEtia

resulting drift corrections for each cruisere less than 006 m C, whichis insignificant(Table

4-3).

Table4-3. Temperature (T) and Conductivity (C) serssaesed during the WHOTS cruises, including temperature
drift correction and the thermal inertia parameter (alpha). Dual temperature and conductivity sensors were used
during both cruises. The data reported here are from the sensors marked with (*).

Cruise |T-sensor # T'C(?]:E?)Uon C-sensor # alpha

WHOTS7 | 1416 (*) 0.05 2218(*) 0.020

WHOTS7 | 2454 -0.05 3162 0.020

WHOTS8 | 1416 (*) -0.004 2218(*) 0.028

WHOTS8 | 2454 0.006 3162 0.020
Conductivity

Two SeaBird SBE 4C conductivity sensors (#3162d #2218 were used during the WHOTS
cruises. Dual sensors were used during all the cruise casts. As mentioned earlier, only the data
from the most reliable sensor (and its corresponding temperature sensor pair, as Sradlen in

4-3) are reported here.

Sensor #3162 was calibrated at-B&al in October 2009and inOctober 2010sensor 2218
was calibrated i©ctober 2009, and in October 20Ihe nominal conductivity calibrations
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were used for data acquisitidfinal calibration was determined empirically from salinities of
discrete water samples acquired during each cast. Prior to empirical calibration, conductivity was
corrected for thermal inertia of the glass conductivity cell using the recursive filter lgyve

Lueck (1990) and Lueck and Picklo (1990). Sensor parameters alpha and beta, which
characterize the initial magnitude of the thermal effect and its relaxation time, are needed for this
correction. As recommended by Lueck (personal communication, 1898)was set to 0.1's

but alpha was calculated for each sensor to close the spread between thandowgtastT-S

curves Table4-3).

Salinity samples were collected at selected depths during each castasuted with a

salinometer (Sect. 4.B.1). The nominally calibrated CTD salinity trace was used to identify
guestionable samples. Salinity samples were later quality controlled and flagged by comparing
them against the empirically calibrated CTD salinities

Calibration of each conductivity sensor was performed empirically by comparing its nominally
calibrated output against the calculated conductivity values obtained from the water sample
salinities, using the pressure and temperature of the CTD at #neftinottle closureThe
conductivity calibration coefficient9(, b1, b2) derived from the least squares(fitC = b0 +

b1C + b2C) to the CTDbottle conductivity differencesdC) as a function of conductivityd)

are given infable4-4. This calibration was then used to identify suspect water samples. These
samples werealeted from the analysis, and the calibration was repeated.

Table4-4. CTD Conductivity calibration coefficients obtained from comparison against bottle salinities.

Cruise Sensor # b0 bl b2
WHOTS-7 2218 0.002124 -0.000860 0.000770
WHOTS7 3192 0.000366 0.0000983
WHOTSS8 2218 0.000458 -0.000137
WHOTSS8 3192 0.000229 -0.000065

The final step of the calibration was to perform a pradiégendent bias correction, to allow for a
drift of the conductivitycell with time during each cruise, or for sudden offsets due to fouling.
This offset was determined by taking the median value of-Bdile salinity differences for

each profile. No offset corrections were necessary for any of the WHOTS cruises casts.

The quality of the conductivity calibration is illustrated Table4-5 which gives the mean and
standard deviations for the final calibrated CTD minus water sample salinities.

Table4-5. CTD-Bottle salinity comparison for each sensor.

0 to 1200 dbar 500 to 1200 dbar

Cruise Sensor 4§ Mean | Standard Deviatioi Mean |Standard Deviatio
WHOTS7 | 2218 | 0.0000 0.0015 0.00a 0.0008
WHOTS7 | 3162 | 0.0000 0.0015 -0.0001 0.0008
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0 to 1200 dbar 500 to 1200 dbar
WHOTS8 | 2215 | 0.0000 0.0019 -0.00@ 0.0011
WHOTS8 | 3162 | 0.0000 0.021 0.00@ 0.0012

Salinity differences between sensets were calculated the same way as for the temperature in
order to identify problems with any of the sensors. These differencesasbelavior similar to

the temperature differences in the thermocline region. Maximum absolute salinity differences of
about 9 x 1§ were observed at 100 dbar, decreasing to less than2 beldv 200 dbar. This
behavior is due to a combination of tlesidual temperature effect on the temperature sensors
described in the previous section, and an additional residual temperature effect on the
conductivity sensors (N. Larson personal communication, 1999). The temperature effect on the
conductivity sensoris similar to that described for the temperature sensors, and affects the
conductivity measurements when the sensor passes through intense temperature gradients.

The largest variability in the salinity difference between sensors was observed in thiadaloc
with standard deviations of up to 1 x4Between 50 and 100 dbar.

Dissolved Oxygen

Two SeaBird SBE43 oxygen sensors were used during the WHQ@B8d-8 cruises: #431601
and#43918 Table4-6). Sensor #3160l was calibrated at Sdird in April 2009, and in July

201Q andsensor #43918 was calibratedAugust 20080ctober 201@&nd November 2011

Oxygen data from the WHOTFBcruise were further calibrated using empirical calibrations
coefficients obtaing during the HOT224 cruise conducted of+10 August 2010immediately

after WHOTS7, which used the same oxygen sensors. Similarly, the WHO®»&gen data

were calibrated using calibration coefficients obtained during the-BB3Tcruise conducted on
18-22 July 2011one week aftethe WHOTS8 cruise, which used the same oxygen sensors. The
CTD empirical calibration was conducted using oxygen water samples and the procedure from
Owens and Millard (1985). See Tupas et al. (1987)letails on these caliifans procedures.

Table4-6 shows the mean and standard deviation for the calibrated CTD oxygen minus water
sample residuals during HE224 and HOF233, whose calibrations were used for the WHOTS

7 and WHOTSS8 cruises respectively. Dual sensors were used during each cruise, but only the
sensor whose data were deemed more reliable are reported.

Table4-6. CTD-Bottle dissolved oxygen comparison for each sensor during-2&adruise (calibration used for
WHOTS7data) and HOT233 (calibration used for WHOTF8 data). The units are umol Kg

0 to 1200 dbar 500 to 1200 dbar
Cruise Sensor # | Mean |Standard Deviatio| Mean | Standard Deviatio
WHOTS7/HOT-224 | 43918 0.01 0.53 0.03 0.52
WHOTS8/HOT-233 | 431601 | 0.01 0.62 0.01 0.50
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B. Water samples

1. Salinity

Salinity samples were collecteldringWHOTS-7 and-8. Sampledrom each cruisavere

measured after the cruise in the laboratory at the UH using a Guildline Autosal 84080

standard seawater samples were measured to standardize the Autosal, and samples from a large
batch of fisecondary standar do ( sub-48sanplesar d) s
to detect drift in the Autosal. Standard deviations of thers#ary standard measurementseve

less than + 0.0 for WHOTS-7 and-8 cruises Table4-7).

The substandard water was cotkrd during HOT cruises from 102n atStationALOHA and

drained into a 5{iter Nalgene platgc carboy. In the laboratory, the water was then thoroughly
mixed in a glass carboy for 20 minutes, after whichirrcB protective layer of white oil was

added on top to deter evaporation. The substandard water was allowed to stand for
approximately thre days before it was used, and was stored in the same temperature controlled
room as the Autosal, protecting it from the light with black plastic balysitiobiological

growth.

Substandard seawater batches #47 andvwé&s@prepared orl7 June 201,0and05 January 2011
respectively and used fdvHOTS-7 and-8 samples respectively. The top of the bottle and the

thimble were thoroughly dried before being tightly capped to prevent water from being trapped

bet ween the cap or t hlihasthéer observe thathesidudd watet | e 6 s m
trapped in this way increases its salinity due to evaporation, and it can leak into the sample when

the bottle is opened for measuring.

Salinity samples from th&VHOTS-7 cruise were measedwith the samples from @T-224and
were processedith the HOT224 samples. Samples froddHOTS-8 were measuregrior to the
HOT-233 samples and processszparatelyThe substandard statisticsTiable4-7 include tre
substandard samples meesifor thecombinedWHOTS 7/HOT-224 samples and tMHOTS
8 samples

Table4-7. Precision of salinity measurements using secondary lab standards.

Cruise Mean Salinity +/ SD | # Samples |Substandard Batch IAPSO Batch #
WHOTS7 /
HOT-224 34.4937 +/0.0004 45 47 P151
WHOTS-8 34.4655+/- 0.0003 8 50 P15L

I International Association fdPhysical Sciences of the Ocean
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C.  Thermosalinograph data acquisition and processing

1. WHOTS-7 Deployment Cruise

Nearsurface temperature and salinity data for the WH@T8uise weracquired through the

use of a thermosalinograph system aboard theki#i/Moana The system was comprised of a
SBE-38 remote temperature sensor (#0150) located at the seawater intake situated 8 meters
below the sea surface in conjunction with a SBBhermosalinograph sensor (#0267) situated
in the IMET lab close to the port bow of the ship.

Data were acquired every second for the duration of the cruise and salinity samples were taken
periodically throughout the cruise for calibration from an outléhéflowthrough system
located less than 1 m from the SRE.

Temperature Calibration

Data from the SBE8 remote temperature sensor were used to measure temperature at the
seawater intake, with an offset correction applied after comparing it withdbar&TD
temperature data. This sensor Wt calibrated at Seird on 16 September 2009.

Nominal Conductivity Calibration

SeaBird conductivity sensor #0267 was calibrated atBied on 3 November 2009. All
conductivity data from the thermosalinagh were converted with coefficients obtained from

this calibration. However, all the final salinity data reported here were calibrated against bottle
data as explained below.

Data Processing

Navigation data (Il atit ude prdedhmughout thelceuisaevelty s hi p
second and were merged with the thermosalinograph data stféenthermosalinograph data

were then screened for gross errors, with upper and lower bounds of 18 °C and 35 °C for
temperature and 3 Siemens and 6 Siemenst? for conductivity. There were no points

outside the valid temperature and conductivity ranges and no gross errors detected.

A 5-point running median filter was used to detect one or two point temperature and conductivity
glitches in the thermosalgraph data. Glitches in temperature and conductivity detected by the
5-point median filter were immediately replaced by the median. Threshold values of 0.3 °C for
temperature and 0.1 Siemen3 for conductivity were used for the median filter. Thereensw

points replaced by theaoint median filter. A Joint 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 the RINb Moanawas set to record daevery second.

Previous cruises have occasionally shown errors in the acquisition software rounding routine,
resulting in a record being written at a longer interval. There were 4596 such timing errors for
WHOTS 7, all around 12 seconds.

Bottle Salinit y and CTD Salinity Comparisons

The thermosalinograph salinity was calibrated by comparing it to bottle salinity samples drawn
from a water intake next to the thermosalinograph. Twmiy salinity samples were collected
and analyzed as described in 88td.B.1. The comparison was made in conductivity in order

to eliminate the effects of temperature. The conductivity of the bottle was computed using the
salinity of the bottle, thermosalinograph temperatue a pressure of 6 dbar, which includes the
pressure of the pump.

Salinity samples were drawn from the flowthrough system, located less than 1 m from the SBE
21 and consequently there should be virtually no delay between when the water passes through
thethermosalinograph and it being sampled. Thermosalinograph data were extracted within a 60
second window around the bottle sample time minus a 10 second delay (in order to try and
incorporate the reading recorded just prior to bottle sampling). Thec8Adsenean, centered 10
seconds before the bottle sample time was chosen for processing purposes.

In order to make the comparison in conductivity units, the CTD conductivity was calculated
using the 8 dbar downcast CTD salinity, the internal thermosaiipbgemperature, and a
pressure of 6 dbar. There were 10 casts conducted while the thermosalinograph was running.

A cubic spline was fit to the time series of the differences between the bottle and
thermosalinograph conductivity and a correction wasiobtefor the thermosalinograph
conductivities. Salinity was calculated using these corrected conductivities, the
thermosalinograph temperatures, ardb@r pressure. After correction, the mean difference
between the bottle and thermosalinograph salinites 0.0000 with a standard deviation of
0.0003. The mean CTBthermosalinograph difference was 0.0006 with a standard deviation of
0.0002.

CTD Temperature Comparisons

There were 10 CTD casts conducted during the WH®@T8iise. The 8 dbar CTD temperatur

data were used to compare with the remote temperature sensor. The mean difference between

the CTD and the remote temperature sensor was found to be approxiriat8fy °C. Previous

cruises aboarB/V Kilo Moanahave shown similar temperature offsetdlae seawater entering

the shipbés intake passes through a pump prior
water as it passes. An offset correction@#35 °C was applied to all the remote temperature

sensor data, which were then flaggediasalibrated data.
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2. WHOTS-8 Deployment Cruise

Nearsurface temperature and salinity data for the WH@TBuise were acquired through the

use of a thermosalinograph system aboard the NOAAhiIR i a Tha keawater intake was
situated approximatel¥ m below the sea surface in the bow thruster room. The system included
a SBE21 (SN 3155) thermosalinograph sengan external temperature senseas not

available for the WHOTS cruise

Data were acquired every 60 seconds for the duration ofdiee@nd salinity samples were
taken periodically throughout the cruise for calibration from an outlet in the flowthrough system
located less than 0.5 m from the SBE

Data from the SBR21 sensor were only recorded to one significant digit; thereferdata were
not usable.

D. Shipboard ADCP

1. WHOTS-7 Deployment Cruise

Currents measured by tRéV Kilo MoanaWorkhorse 300 kHz an@cean Surveyad8 kHz
narrowbanébroadbandADCP were processed using the CODAS ADCP processing $ditia
from the Ocearsurveyor was only available on the first day of the cruise; the Workhorse 300
kHz data was sampled throughout the entire cridsezontal velocity data, latitude and
longitude were processed wi2iminute ensemble averages @t depth resolution. Thénes

of the datasets from the @%and WH30G@re shown inrable4-8

Table4-8. ADCP record times (UTC) for tHe/V Kilo Moana ADCPs during the WHO'SIeployment cruise.
WHOTS7 OS38B8 OS38NB WH300
File beginning time | 27-Jut2010 19:33:22 27-Jul2010 19:33:22 27-Jul2010 19:35:18
File ending time | 27-Jul2010 20:03:27 27-Jul2010 20:03:45 4-Aug-2010 17:01:15

2. WHOTS-8 Deployment Cruise

Currents measur ed by Suregor7S kHz parréivbaind aad beokdhand s
ADCP were processed using the CODAS ADCP processing suite. Horizontal velocity data,
latitude and longitude were processed with 15 minute ensemble averages and 10 m depth
resolution. The times of the datasets frilve OS75 are shown fable4-9.
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Table4-9. ADCP record times (UTC) for the Narrow Band 75 kHz ADCP during the WHEZT@se.

WHOTSS8 OS75BB OS75NB
File beginning time 6-Jul201116:19:16 6-Juk2011 16:19:16
File ending time 13-Jul2011 16:17:11 13-Jul2011 16:17:11

WHOTS7 Data Report 23




5. Moored Instrument Observations

A. MicroCAT/SeaCAT data processing procedures

Each moored MicroCAT and SeaCAT temperature, conductivity and pressure (when
installed) was calibrated at S&rd prior to their deployment and after their recovery on the

dates shown ifable5-1. The internallyrecorded data from each instrument were downloaded

on board the ship after the maagirecovery, and the nominalbalibrated data were plotted for

a visual assessment of the data quality. The data processing included checking the internal clock
data against external event times, pressure sensor drift correction, temperature sefigor stabil

and conductivity calibration against CTD data from casts conducted near the mooring during
HOT and WHOTS cruises. The detailed processing procedures are described in this section.

Table5-1. WHOTS7 MicroCAT/SeaCAT temperature sensor calibration dates, and sensor drift during
deploymentdNone of the sensol®d a drift larger than nili°C during the deployment (see Sect. 5.A.3).

Total
Nominal deployment . . Postrecove Temperature drift
depth I?m)y SeaBird Serial Pre-dgployment calibrationry durinpg WHOTS -7
number calibration
deployment
(mili °C)

15 SBE37SM3382 14-Aug-2008 16-Sep2011 -0.58

25 SBE37SM4663 20-Oct-2009 16-Sep2011 0.17

35 SBE37SM3633 15-Aug-2008 16-Sep2011 -0.58

40 SBE37SM3381 18-Oct-2009 15-Sep2011 017

45 SBE37SM3668 15-Aug-2008 16-Sep2011 -0.29

50 SBE37SM3619 20-Aug-2008 16-Sep2011 -0.09

55 SBE37SM3620 14-Aug-2008 16-Sep2011 -0.58

65 SBE37SM3621 15-Aug-2008 16-Sep2011 0.29

75 SBE37SM3632 1-Aug-2008 16-Sep2011 -0.59

85 SBE37SM4699 18-Sep2009 16-Sep2011 -0.90

95 SBE37SM3791 14-Aug-2008 15Sep2011 0.29
105 SBE37SM2769 18-Oct-2009 15-Sep2011 017
120 SBE37SM4700 19-Sep2009 16-Sep2011 0.65
135 SBE37SM3669 20-Aug-2008 13-0Oct2011 0.35
155 SBE37SM4701 18-Sep2009 15Sep2011 0.25
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1. Internal Clock Check and Missing Samples

Before the WHOTS mooring deployment and after its recovery (before the data logging
was stopped), the MicroCATs temperature sensors were placed in contact with an ice pack to
createa spike in the data, to check for any problems with their internal clocks, and for possible
missing samplesT@able3-2). The cold spike was detected by a sudden decrease in temperature.
For all the instruments, ¢hclock time of this event matched correctly the time of the spike
(within the sampling interval of each instrument). No missing samples were detected for any of
the instruments.

2. Pressure Drift Correction and Pressure Variability

Some of the MicroCATs uslen the moorings were outfitted with pressaemsorsTable
3-1). Biases were detected in the pressure sensors by comparingdbekgoressure readings
(which should be zero for standard atmospheric pressseadevel of 1029 mbar) before
deployment and after recoverlyable5-2 shows the magnitude of the bias for each of the sensors
before and after deployment. To correct for this offset, a linear fit betweentihkand final
ondeck pressure offset as a function of time was obtained, and subtracted from each sensor.
Figure5-1 shows the linearly corrected pressures measured by the MicroCATSs during the
WHOTS7 deploymentFor all the sesors, the mean difference from the nominal instrument
pressure (based on the deployed depth) was less than 1 dbar. The standard deviation of the
pressure for the duration of the record was also less than 1 dbar for all sensors, with the deeper
sensors shoiwg a larger standard deviation. The range of variability for all sensors was about +
3 dbar

The causes of pressure variability can be several, including density variations in the water
column above the instrument; horizontal dynamic pressure (not nalyodhe currents, but also
due to the motion of the mooring); mooring position, etc. (see WHOTS Data Report 1, Santiago
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)

WHOTS7 45 37SM314863668 -0.01 -0.04

WHOTS7 85 37SM314864699 0.81 0.85

WHOTS7 105 37SM314862769 -0.02 0.03

WHOTS7 120 375M314864700 0.04 -0.61

WHOTS7 135 37SM314863669 -0.02 0.00

WHOTS7 155 375M314864701 -0.1 -0.06
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WHOTS-7 Microcat Pressure (linearly corrected) and nominal pressure (dashed lines)
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Figure 5-1. Linearly corrected pressures from MicroCATs during WHGOTd&ployment. The yellow line is a 5
hour runningmean.fe hori zont al
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3. Temperature Sensor Stability

The MicroCAT and SeaCAT temperature sensors were calibrated-8irSdasefore and
after each deployment (s@able5-1). SeaBi r d6s evaluation of each
calculate the temperature offset for the duration of the deploymeble3-1 andTable3-2).
These values turned out to be insignificant (not higher thailli1°@) for all sensors deployed.
Comparisons between the MicroCAT and CTD data from casts conducted near the mooring
during HOT cruises confirmed that the temperature drift of the félseanoored instruments
wasinsignificant.

A temperature comparison between the two MicroCATSs installed underneath the buoy (SN
1306 and SN 1419) show the consistency and inferred stability of the sensors for the duration of
the deploymentFigure5-2).

Temperature comparisons betwesre of the WHOTS nearsurface MicroCATs (SN
1306) and3 ofthe 4 RBR surface temperature sensors in the buoyTablg€3-1) are shownn
Figure5-3. All the RBR instruments stopped recording eahydinstruments #4813 did not
record data past the deployment titeee Appendix 4)instrument #20188howa drift and
#20186 show a bias of about 0.02 °C with resfetheMicroCAT measurements.

WHOTS-7 Temperature Difference (#1419 — #1306)
0.05 T T T ' T

Temperature (C)
o

| | | I
2400 2450 2500 2550 2600 2650 2700 2750
Julian Days (2004)

-0.05

Figure 5-2. Temperature difference between MicroCATs #1419 and #1306 during WHAT8 light blue line is a
12-hr running mean.
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WHOTS-7 Temperature Differences (Buoy’s hull T-sensor 14812 - 1.5 m Microcat 1306)
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WHOTS-7 Temperature Differences (Buoy’s hull T-sensor 20182 - 1.5 m Microcat 1306)
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WHOTS-7 Temperature Differences (Buoy’s hull T-sensor 20186 - 1.5 m Microcat 1308)
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Figure 5-3. Temperature difference between MicroCAT SN 1306 at 1.5 m, anduréace temperature sensors SN

1481Zupper panel)20182(middle panel) an@0186(bottom pangl during WHOTS7 deployment. The light blue
line is a 24hour running nean of the differences.
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In addition to the temperature sensors in theBehand the RBR instruments, there were
temperature sensors in the VMCMs (at 10 and 30 m), and in the ADCPs (at 47.5 m and 125 m).
In order to evaluate the quality of the tempem@gurom these sensors, comparisons with the
temperatures from adjacent MicroCATs were conducted.

Comparisons with VMCM and ADCP temperature sensors

The upper panel dfigure5-4 shows the difference between therhO/MCM and he 15m
MicroCAT temperatures during WHOTE aftersubtractinga drift (dt) to the VMCM. Thedrift
correctionwasobtained fronthe difference between the uncorrected VMCM and the15
MicroCAT data(dt = -7.092 x 10°t + 0.168 whereT is temperature att is time in days)Also
shown for comparison in the lower panel of the figure are the differences between MicroCAT
temperatures at 15 and 25 m. The temperature fluctuations in the differences between the 15 and
25-m MicroCATs seem to be around zero.

Theupper panebdf Figure5-5 shows thedgmperature differences between the'3W MCM
and the temperatures from adjacent MicroCATSs at 25 asd 86ring WHOTSY?, after
subtracting a driftdt) to the VMCM. The drift correction was ta#ined from the difference
between the uncorrected VMCM and ther@3licroCAT data @t = -3.392 x 10*t + 0.726
whereT is temperature ands time in days)For comparison, the differences between the
MicroCATs temperatures are also shown.

Temperaturelifferences between the 4% ADCP and the temperatures from adjacent
MicroCATSs at 45 and 56n during WHOTS7 are shown irFigure5-6. For comparison, the
differences between the MicroCATs temperatures are also shown. Thes@agilksdte that there
was no offset in the 47-8 ADCP with respect to the adjacent MicroCATSs (top and middle
plots).

Temperature differences between the-i2BDCP and the temperatures from adjacent
MicroCATs at 120 and 13B during WHOTS7 are shown irFigure5-7, Figure5-8, andFigure
5-9. For comparison, the differences between the MicroCATs temperatures are also shown. It is
difficult to assess the quality of the ADCP temgiare from these comparisons, as these sensors
were located at the top of the thermocline, where we expect to find large temperature differences
between adjacent sensors.
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WHOTS-7 Temperature Difference (10 m YMCM (corrected) - 15 m MicroCAT)
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Figure 5-4. Temperature differemcbetween the 1t VMCM and the 1Xn MicroCAT(upper panelandbetween
the 15m MicroCAT and the 2&n MicroCAT during the WHOTF3deployment (lower panel). The light blue line is
a 24-hour running mean of the differences.
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WHOTS-7 Temperature Difference (30 m VMCM (corrected) - 25 m MicroCAT)
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Figure 5-5. Temperature difference between thenl3WMCM and the 2Bn MicroCAT (upper panel); between the
30-m VMCM and the 3Bn MicroCAT (middle panel); and between ther@&andthe 35m MicroCATSs (lower
panel) during WHOTS. The light Bue line is a 24hour running mean of the differences.
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WHOTS-7 Temperature Difference (47.5 m ADCP - 45 m MicroCAT)
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Figure 5-6. Temperature difference between the 4W.BDCP and the 45 MicroCAT (upper panel); between the
47.5m ADCP and the 50 MicroCAT (middle gnel); and between the 48 and the 56n MicroCATSs (lower
panel)during the WHOTS deploymentThe light blue line is a 2hour running mean of the differences.
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WHOTS-7 Temperature Difference (125 m ADCP - 120 m MicroCAT)
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Figure 5-7. Temperature difference betweée tL25m ADCP and the 12th MicroCAT. The light blue line is a 24
hour running mean of the differences.
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Figure 5-8. Temperature difference between t2&-in ADCP and the 135 MicroCAT The light blue e is a 24
hour running mean of the differences.
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120 m MicroCAT - 135 m MicroCAT
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Figure 5-9. Temperature difference between the-h2@nd the 13%n MicroCATs during the WHOTE
deployment. The light blue line is a-Bdur running mean dhe differences.

4, Conductivity Calibration

The results of the Sdaird postrecovery conductivity calibrations indicated that some of
the MicroCAT and SeaCAT conductivity sensors experienced relatively large offsets from their
pre-deployment calibrationThese were qualitatively confirmed by comparing the mooring data
against CTD data from casts conducted between 200 m and 5 km from the mooring 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 was negative, caused perhaps by biofouling of the
conductivity cell while for others the offset was positive, caused possiblyohyisg of the
inside of the conductivity cell (possible by the continuous up and down motion of the instrument
in an abundant field of diatoms). A visual inspection of the instruments after recovery did not
show any obvious signs of biofouling, and theexawno cell scourings reported in the post
recovery inspections at S&rd.

Corrections of the MicroCATs conductivity data were conducted by comparing them against
CTD data from profiles and ygo casts conducted near the mooring during HOT cruises, and
during deployment/recovery cruises. Casts conducted between 200 and 1000 m from the
mooring were given extra weight in the correction, as compared to those conducted between 1
and 5 km away. Casts more than 5 km away from the mooring were not usedth@ivee
CTD casts are conducted at least 200 m from the mooring, the alignment between CTD and
MicroCAT data was done in density rather than in depth. For cases in which the alignment in
density was not possible due to large conductivity offsets (causneglistic mooring density
values), alignment in temperature space was done. A cubiestpaates fit (LSF) to the CTD
MicroCAT/SeaCAT differences against time was applied as a first approximation, and the
corresponding correction was applied.
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Some ofthe sensors had large offsets and/or obvious variability that could not be explained
by a cubic LSF. For these sensors, a stepwise correction was applied matching the data to the
available CTD cast data, and then using the differences between conssentioes to
determine when the sensor started to drift. For instance, during periods of weak stratification the
conductivity difference between neighboring sensors A, B, and C could reaetenearlues,
in particular for instruments near the surface,ohlare the ones most prone to suffer
conductivity offsets. A sudden conductivity offset observed during this period between sensors A
and B, but not between sensors A and C could indicate the beginning of an offset for sensor B.

Given that the deepest tngments on the mooring are less likely to be affected by
biofouling and consequent sudden conductivity drift, the deep instruments served as a good
reference to find any possible malfunction in the shallower ones. Therefore the deepest
i nstr ume tivityswas corieated first, and the correction was continued sequentially
upwards toward the shallower ones.

As a quality control to the conductivity corrections, the buoyancy frequency between
neighboring instruments was calculated using finite diffezen©ver 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 corngsnding sensors was revised.

Another characteristic of the offsets in the conductivity sensors is that their development is
not always linear in time, and their behavior can be highly variable (see WHOTS Data Report 1,
SantiageMandujano et al., 2007).

The corrections applied to each of the conductivity sensors during WH@&B beseen in
Figure5-10. Most of the instruments had a drift of less thariB$Siemens/m for the duration of
the deployment, which was correcteslexlained above

MicroCAT #4663 at 25 m experienced a coativity offset of abou0.007 Siemens/mafter
Julian day 2700 and was corrected

WHOTS7 Data Report 35



WH-T Microcat SM 1419 (2 m), Uncomected - Correcled

0015 T T T T I)/-—_ S
E /
)
&
= 001F B =
g o
E -_'__,_-"'--F
UDDE 1 1 1 1 1 1
2350 2400 2450 2500 2550 2600 2650 2700 2750 2800
WH -7 Microcat SM 3382 (15 m), Uncormacied - Comrected
0.01 T T T T T T .
-
.-"""..f
_ Q008 - - .
E T
u T
. 000E - T =
£ e
= i
g —
o 0004 e
c _'_'_.-'"'
7] L
[¥] o
Qo002 - - =
U 1 1 1 1 1 1
2350 2400 2450 2500 2550 2600 2650 2700 2750 2800
w10 WH -7 Microcat S 4663 (25 m), Uncorrecied - Comected
a T T T T T |Er—
7
Eof |
W
5 T
:_E
44
B
8 3 1
2 - -
q 1 1 1 1 1 1
2350 2400 2450 2500 2550 2600 2650 2700 2750 2800

Julian Days (2004

Figure 5-10. Conductivity sensor corrections for MicroCATs amhSATs during WHOTF3

WHOTS7 Data Report

36



5 ¥ 107~ WH -7 Microcat SN 3633 (35 m), Uncorrecied - Comected
T T T T T T

|
|

|

|

|
|
|

|

~\

Cond uctivity (S/m)
Fa

-
)

0
2350 2400 2450 2500 2550 2600 2650 2700 2750 2800

WH -7 Microcat SM 3381 {40 m), Uncormacied - Comrected
GDE T T T T T T

0015

Conductivity (5/m)

o
2
1
[
|

|

|
|

[

(=]
o
&

50 2400 2450 2500 2550 2600 2680 2700 2750 2800

Mo

w10 WH -7 Microcat S 26628 (45 m), Uncorrecied - Comected
10 ) ) 1 ) ) )

Cond uctivtty (5/m)
.
|

_2 1 1 1 1 1 1
2350 2400 2450 2500 2550 2500 2650 2700 2750 2800
Julian Days (2004

Figure 510. (Contd.)

WHOTS7 Data Report 37



x 10

WH -7 Microcat SM 3519 (50 m), Uncorrecled - Corectad

Ciond uctivity (S/m)

2550 2600

2630 2700 2750

WH -7 Microcat SM 3520 (55 m), Uncorrecled - Correctad

2800

Conductivity (5/m)

2400

2450

2500

2850 2600

2650 2700 2780

WH -T Microcat SM 3521 (65 m), Uncorrecled - Correctad

2800

Conductivity [5/m)

4
2350

Figure 510. (Contd.)

WHOTS7 Data Report

2550 2600
Julian Days (2004

26850 2700 2750

2800

38



3 WH-T Microcat SM 3532 (75 m), Uncormecied - Comected

L
in

\
/

\

Conductivity (5/m)
o in

0
2350 2400 2450 2500 2550 2600 2650 2700 2750 2800

2 WH -7 Microcat SM 4699 (85 m), Uncormacied - Comrected
10 T T T T T ——

-

-

Conductivity (5/m)
] +

-2
2350 2400 2450 2500 2550 2600 2680 2700 2750 2800

001 1 1 ] 1 1 1

0008 e -~
- '“"\-\,\

(=]
o
&

:
N\

Cond uctivity [5/m)

(=]
o
=
\

4]
2350 2400 2450 2500 2550 2500 2650 2700 2750 2800
Julian Days (2004

Figure 510. (Contd.)

WHOTS7 Data Report

39



¥ 107~ WH-7 Microcat SM 2789 (105 m), Uncorectad - Corrected
S T T T T T T
6 e — R
E —
u 4 e
& T
= _
; r T ~ l
D - .-"-.-.-..-' -
'E 1 1 1 1 1 1
2350 2400 2450 2500 2550 2600 2650 2700 2750 2800
w107 WH-7 Microcat SM 4700 (120 m), Uncomrected - Correctad
H T T T T T T
.--"‘f-‘--—-
E° f’”/.
u, o
£ rd
= 4 - 7
[¥] -~
~
7] ._#_.f"
0 sl - |
e
——
U -I_ - _I__ 1 1 1 1
2350 2400 2450 2500 2550 2600 2650 2700 2750 2800
WH-T Microcat SH 3669 (135 m), Uncomected - Corrected
U.U'IE 1 1 ] 1 1 1
,-'*'X
0.01
_ f,,--f’f
E
&5 0008 | -~ l
z -~
-
= 0008} T y
] T
E 0004 - ___J_..-f"' ! _
Qo002 - e o =
a " -_-I-- L 1 1 1
2350 2400 2450 2500 2550 2500 2650 2700 2750 2800
Julian Days (2004
Figure 510. (Contd.)
40

WHOTS7 Data Report



x 10

WH-T Microcat SM 4701 {155 m), Uncomrected - Cormected

Conductivity (S/m)

r
1 1 1 1 1 1

Figure 510. (Contd.)

2400 2450 2500 2550 2600 2650 2700 2750
Julian Day= (2004)

WHOTS7 Data Report

2800

41



B. Acoustic Doppler Current Profiler

Two Teledyne/RD Instruments broadband Workhorse SentinellADG we yedondhe p | o
WHOTS7 mooring. The first ADCP, set to measure at 600 kHz, was deployed at 47.5 m depth

in the upward looking configuration. The second was set to measure at 300 kHz and was
deployed at 125 m, also in the upward looking configuration. Theimstnts were installed in
aluminum frames along with an external battery module to provide sufficient power for the
intended period of deployment. The four ADCP beams were angled at 20° from the vertical line
of the instrument. The ADCP was set to prodibeoss 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. The specifications of the instrument are shownhaible5-3.

Table5-3. Specificatonsdf he ADCP®&s usedmobriongr t he WHOTS

Instrument Description

ADCP RDI Workhorse Sentinel, 300KHz
Model: WHS300I-UG129; Serial Number: 7637

RDI Workhorse Sentinel, 600KHz
Model: WHS600I; SerialNumber: 13917

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

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

1. Compass Calibration

Pre-Deployment

Prior to the WHOTS/ deployment a field calibration of the internal ADCP compass was

pef or med at the football fi el d23ddne 200w bothni ver si
the 300 kHz and the 600 kHz instrumenEach instrument was mounted in the deployment
cage along with the external battery module and was located away fromglaemtces of
magnetic field disturbance§.he ADCP was mounted to the turntable, which was aligned with
magnetic north usi dsmgthe bgilincalibeayiom précedure, thenp a s s .
instrument was tilted in one direction between 10 and 2feds@nd 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 instnent, tilted in a third direction is rotated once more to check the
calibration. Results from each pdeployment field calibration are shownTable5-4 (Figure

5-11).
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Table5-4. Results from the WHOTSpre-deployment ADCP compass field calibration 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 1.20 0.76 1.96 0.10 1.70 -1.02+0.39 | -0.50+0.37
Calibration 2.14 0.27 241 0.59 2.17 0.42+1.61 | -15.63+1.16
Caﬁgﬁarion 1.01 0.79 1.80 0.29 1.50 -3.02+0.63 17.02+ 0.57

600 kHz Single Double Largest RMS of 34 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 ®) Devigion Deviation
) ©) ) )

Before 0.35 0.18 0.53 0.13 0.42 -0.75 +£0.45 1.10 +£0.46
Calibration 0.37 0.70 1.07 0.38 0.92 -17.70 £0.99| 0.08 +0.64

After 0.66 0.63 1.29 0.17 1.04 | -2.89+0.72 | 17.61+0.41
Calibration

Post -Deployment

After the WHOTS7 mooring was recovered, the performance of the ADCP compass was tested
footbal

at

t he

I i

el d

of

t he

University
procedure as during the pdeployment calibration. Results from the WHQT Sost
deployment ADCP compass field calibration procedure are listédble5-5 (Figure5-12).

Table5-5. Results fromhe WHOTS? postdeployment ADCP compass field calibration 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 Cycle Higher + Error Standard Standard
®) ®) Error Random Error ® Deviation Deviation
) ) ) )
After 0.14 0.46 0.60 0.16 0.54 -0.15+0.81| 0.71+0.85
Calibration
600 kHz(SN | Single | Double Largest RMS of 3¢ | Over all Pitch Roll
13917) Cycle Cycle Double + Order and Error Mean and Mean and
Error Error Single Cycle| Higher + ®) Standard Standard
°) °) Error Random Deviation Deviation
) Error ) )
©)
After 1.01 0.79 1.80 0.29 1.50 -3.02+0.63 | 17.02+0.57
Calibration
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WH-7 300kHz ADCP 7637 Compass Spins
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Figure 5-11. Results of the poestuise compass calibration, conduct28 June 201@n ADCP SN7637 at the
University of Hawai 0i at Manoa.
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WH-7 600kHz ADCP 13917 Composs Splns Pre— DeploymenT
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Figure5-12. Results of the pastuise compass calibration, conduct28 June2010on ADCP SN13917 at the
University of Hawai 6i at Manoa.

2. ADCP Configurations
Il ndi vidual configurati ons -7thooring dredetailédino A DCP 0 ¢
Appendices 1 and 2. The salient differences

300 kHz (125m)

The ADCP, set to a beam frequency of 300 kHz, was configured in a burst sampling mode
consisting of 40 pings per ensemble in order to resolvdreguency wave orbital motions. The
interval between each ping was 4 seconds so the ensiemgplle was 160 seconds. The interval
between ensembles was 10 minutes. Data were recorded in earth coordinates with a heading bias
of 995° E used. False targets, usually fish, were screened by setting the threshold maximum to
70 counts. Velocity dataeve 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 beam frequency of 600 kHz, was configured in a burst sampling mode
consisting of 80 pings per ensemble. The interval betweach ping was 2 seconds so the
ensemble length was also 160 seconds. The interval between ensembles was 10 minutes. Data
were recorded in earth coordinates with a heading bia®%f B.used. The threshold maximum
was also set to 70 counts. Velgaitata were rejected if the difference in echo intensity among
the four beams exceeded this threshold.

3. ADCP data processing procedures

Binary files output from the ADCP were read
using scripts developed by Eric Figird s A D @t://duraebt.soest.hawaii.eduThe
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 seabhdda the mooring motions that follow
the impact of the 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 otudata (se€igure5-13 andFigure5-14). Truncation at the end
of the data files were chosen to be the ensemble prior to the time that the acoustic release signal
was sat 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 showii able5-6.

Table5-6. ADCP record times (UTC) during WHOTSleployment.

300 kHz 600 kHz
Raw file beginning | 28-Jul2010 02:00:00 28-Jut2010 02:00:00
and end times 18-Apr-2011 01:39:59 20-Apr-2010 23:09:59
28-Juk2010 20:05n water 28-Jut2010 18:39 in water
Deployment and 29-Jul201002:37 anchor over 29-Juk2010 02:37 anchor over
recovery times 11-Juk201116:28release triggered 11-Juk2011 16:28 release triggered
11-Juk201122:400n deck 11-Jub2011 23:21 on deck
Eéoffrfif]eda‘:%taen 4 | 28:3uk2010 02:20:00 28-JuF2010 02:20:00
timges g 18-Apr-2011 01:19:59 29-May-2011 15:24:39
ADCP Clock Drift
Upon recovery, the ADCP clocks were compar e

difference between the two was recordéthile no difference was fourfdr the 300 kHz (SN
7637) ADCR the clock or600 kHz ADCP waslow by36 seconds. Since the drift represents
one ping fronjust one ensemble out of a total of 0881432 no correctionsvere made.
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Heading Bias

As mentioned in the ADCP configuration section, the data were recorded 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 earthrdioates. Magnetic variation was obtained
from the National Geophysical Data Center 0Ge
(http://www.ngdc.noaa.gov/seg/geomadror a yeatong deployment a constant value is
acceptal# because the change in declination is small, approximatél§° year at the WHOTS
location. A heading bias of @E° was entered in the setup of the WHOGIBA D CPR 6 s

Speed of sound

Due to the constant of proportionality between the Doppler ahiftwater 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 sensohefADCP. Using CTD profiles close to the miag during
HOT cruises, HO1224 to HOF232 and from the WHOTS deployment/recovery cruises, the
mean salinity at 125 dbar was 36while the mean salinity at 47.5 dbar wasl®.Mean
ADCP temperature at 12fbar was 282 °C and25.06°C at 47.5 dbarKigure5-15).
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WHOTS-7: 28-July-2010 to 11July-2011: WH 300HKz ADCP
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Figure 5-13. Temperature record from the 300 kHz ADCP during WH@T®oring (top panel). The bottopanel
shows the beginning and end of the record with the green vertical line representingvteritime during
deployment and owdf-water time for recovery. The red line represents the anchor release and acoustic release

trigger for deployment ancecovery respectively.
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WHOTS-7: 28-July-2010 to 11-July-2011: WH 600HKz ADCP
Temperature : Raw Data
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Figure 5-14. Same as Figure-53, but for the 600 kHz ADCP.
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Sound Velocity Profile (m/s) during WHOTS-7 Deployment 29 July 2010 - 11 July 2011
from HOT Stn 50 CTD casts and CTD casts during WHOTS-7/8 cruises
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Figure 5-15. Sound speed profile (top panel) during the deploymenedMHOTS7 mooring from 2 dbar CTD

data taken during regular HOT cruises and CTD profiles taken during the WH®d@very/deployment cruise

(individual casts marked with 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 velocity
the temperature and salinity at each ADCP depth for the time series with the mean temperatures indicated with blue

lines and mean salinity indicatewith green lines.
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Quality Control

Quiality control of the ADCP data involved the thorough examination of the velocity,
instrument orientation and diagnostic fields to develop the basis of the QC flagging procedures.
Details of the methods used can berfd in the WHOTS Data Report 1 (Santidgandujano et
al., 2007). The following QC procedures were applied to the WHDd&loyment ADCP data.

1) The first bin (closest to the transducer) is sometimes corrupted due to what is known as
ringing. A period otime 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 echoes. The blanking interval is used to prevent useless data from being
recorded. If it is too girt, signal returns can be contaminated from the lingering noise
from the transducer. The default value for the blanking interval, (expressed as a
distance) of 1.76 m was used for the 300 kHz ADCP, whereas an interval of 0.88 m was
used for the 600 kHz ADP. Thus bin 1 was flagged and replaced with Not a Number
(NaN) in the quality controlled datas@&tigure5-16).

WHOTS-7 : 300 KHz ADCP
0.5 I \ T \ { 1

u velocity (ms™")

Ensemble x 10°

WHOTS-7 : 600 KHz ADCP

u velocity (ms™)

Ensemble X ]04

Figure 5-16. Eastward velocity component for thed3kHz (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 rangecontaminated with sidelobe interference (RDI, 1996).
This is a result of stronger signal reflection from the sea surface (than from scatterers)
overwhelming the sidelobe suppression of the transducer. Data are flagged using echo
intensity (a measure dliie 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 bs 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 diffenee between these estimates is defined as the error velocity
and it is useful for assessing data quality. Error velocities with an absolute magnitude
greater than 0.15 m'ga value comparable to the standard deviation of observed
horizontal velocitiesyvere flagged and removed.

AHAn indication of data quality for each ens
indicator which accompanies each individual beam for each individual bin. The use of
the percent good indicator is determined by the coordirexteformation mode used
during the data collection. With profiles transformed into earth coordinates (as in the
case of the WHOTS deployment) the percent good fields show the percentage of data
that was made using 4 and 3 beam solutions in each ddpttitbin an ensemble, and
the percentage that was rejected as a result of failing one of the criteria set during the
instrument setup (seppendix 1: WHOTS7 300 kHz ADCP Configuratign Data
were flagged whedata 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 the-fifsélse correlation
(in ping returns) for each depth cell. If anyone beam had a correlatignitonde of 20
counts or less, that data point was flagged.

6) Histograms of raw vertical velocity data and partially cleaned data from the ADCP [see
Figure5-17 and the WHOTS Data Report 1 (Santiddandujano et al.2007)] showed
vertical velocities larger than expected, some exceeding ™ rRecall that the
i nstrument s & -secord ntervass fomipel300 kHg arfddcond intervals
for the 600 kHz, for 160 seconds every 10 minutes) was designeditoirailiasing
by occasional large ocean swell orbital motions (Section 3), and therefore are not the
source of these large speeds in the data. These large vertical speeds are possibly fish
swimming in the beams based on the histograms of the partialyededata; depth cells
with an absolute value of vertical velocity greater than 0.3 mese flagged.
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WHOTS-7 300kHz ADCP : Vertical Velocity Histograms
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Figure 5-17. Histogram of vertical velocity of the 300 kHz ADCP for raw data (top panel) and entemgelarity
(upper middle panel), and for partial quality controlled data (lower middle panel) and enlarged for clarity (bottom).

7YA quality control routine known as O6edgers
point median differencing matkd. The median velocity from surface bins was
calculated for each ensemble, and then a five point running median of the surface bin
median was calculated. This was then compared to individual velocity observations in
the surface bins, and those differimg greater than 0.48 m/s were flagged.

8) A 5-pole low pass Butterworth filter with a cutoff frequency of 1/4 cycles/hour was used
upon the length of the tirgeries to isolate low frequency flow for each bin
independently. The low frequency flow is tr&rbtracted giving a time series of high
frequency velocity component fluctuations for each bin. Data points were considered
outliers when their values exceeded four standard deviations from the mean (for each

bin) and were removed.

9) A median residualilter used a fpoint (70 minute) median differencing method to define
velocity fluctuations. A #oint running median is calculated for each bin independently
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and the result is subtracted out giving time series of fluctuatedasve to the running
medan. Outliers greater than four standard deviations from the mean of the 7 points are
flagged and removed for each bin.

10)Meticulous verification of all the quality control routines was performed through visual
inspections of the quality controlled velocdsita. Two methods were utilized; time
series of u and v components for multiple bins were evaluated as well as individual
vertical profiles. The timeseries methodology involved inspecting u and v components
separately, five bins at a time, over 600 emsles (100 hours). Any instance showing
one bin behaving erratically from the other four bins was investigated further. If it
seemed that there could be no reasonable rationale for the erratic points from the
identified bin, the points were flagged [degure5-18 andFigure5-19 and the
WHOTS Data Report 1 (Santiagdandujano et al., 2007)]. The intent of the vertical
inspection of vertical profiles of the u and v comeots was to find entire profiles that
were not aligned with neighboring profiles. Thirty u and v profiles were stacked at a
time and were visually inspected for any anomalous data.
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Figure5-18. A sample of the horizontal inspection during WHOTS ADCP quality control
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Figure 5-19. A sample of the profile consistency inspection from the WHOSISCP quality control.

C.  Vector Measuring Current Meter (VMCM)
Vector measuring current meters (VMCM) were deployed on the WHDMS8oring at

depths of 10 m and 30 m. VMCM data were processed by the WHOI/UOP group. A copy of the
processing report is in Appendix 3 in Sectibr’MCM record times are shown rable5-7.

Table5-7. Record times (UTC) for the VMCMs at 10 m and 30 m during the WH@&Sloyment

WHOTS7
VMCMO35 VMCMO038
Deployment and | 28JuF201019:03 28-Jul201018:51
recovery times 12-Jul2011 01:29 12-Juk2011 0139

Processed file
beginning and end
times

29-Jul2010 04:01 29-Jul2010 04:01
11-Jul2011 16:28 11-Jul2011 16:28
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Daily (24 hour) moving asrages of quality controlled 600 kHz ADCP data are compared to
VMCM data interpolated to the ADCP ensemble times in the top pankiguwt5-20through
Figure5-23, andthe difference is shown in the middle panels. The absolute value of the mean
difference plus or minus one standard deviation is shown at the top of the middle panel.
Velocities are not compared if greater than 80% of the ADCP data within a 24 houreavaesag
flagged. Velocity differences between the 10m VMCM and the 600 kHz ADCP were similar to
the comparison with the 30m VMCMIhe U and V velocity difference record between VMCM
and both ADCPG6s shows aJahuarn20H rsuggesmgeslidht begi nni n
degrade in VMCM data over that period, possibly due to the accumulation of propeller fouling.
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Figure 5-20. A comparison of 30 m VMCM and ADCP U velocity for WH@T8he top panel shows 240

moving averages of VMCM zonal (U) velocity at 30 m depth (red) and ADCP U velocity from the nearest depth bin
to 30 m (30.22 m). The middle panel shows the U velocity difference, and the bottom panel shows the percentage of
ADCP data within the movingvarage not flagged by quality control methods. The dashed lines indicate a period of
increased differences observed during spring months.
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Figure 5-21. Same as ifrigure 5-20 but for the meridional (V) velocity component.
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D. Global Positioning System Receiver and ARGOS Positions
Xeos Global Positioning System receiver (IME0034013701990and ARGOS beacon

SN92(¥ were attahed to the tower top of the buoy during the WH&T&ployment.Record
times for both instruments are showrilable5-8.

Table5-8. GPS and ARGOS record times (UTdbiring WHOTS?

WHOTS7 Xeos GPS ARGOS
Raw file beginning 29-Jul2010 04:05 29-Jul2010 05:36
and end times 11-Jul2011 16:16 12-Jul2011 13:52

ARGOS positions were available during the WHOGT & ployment and they provided
additional informationon#® buoyo6s moti on. ARGOS data were r
intervals, although there are some small gaps at repeated times present in the records. Samples
taken before mooring deployment were eliminated. Data were screened for points that were
greater thar2.5 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 speeds greater than 1 wese removed. Data wereémpolated onto
a regular time grid in order to compute spectra.

For comparisorfigure5-24s hows t he ARGOS buoyds positions
positions during the WHOT-3 deployment. The standard deviatidrtlze difference between
these two records is aboUui(®n.

The ARGOS positions of the WHOTBbuoy for the duration of the deployment are in
Figure5-25, and shows the colaroded positions according to their dgtality. 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 m, 2 is for a distance between 150 and 350 m, and 1 is
for a distance between 350 and@0n.For the duration of the deployment, the buoy had a mean
position of about 3 km from the anchor, with a standard deviation of about 600 m.
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Figure 5-24. WHOTS7 buoy position from ARGOS data (blackeljnand 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.

WHOTS7 Data Report 63



WHOTS-7 ARGOS position WHOTS-7 Distance to Anchor

5
2282
228 45
o o 22781 ¢ £ 3k
& 3 Q
== =
8 s 22.76 -% 2:
a
2274
] .
Mean
22.72 s Std. Dev.
O L L bl P L L L
157.86 157.9 157.94 250 300 350 400 450 500 550
Longitude
WHOTS-7 ARGOS position WHOTS-7 Distance to Anchor
5 . . . .
22.82
22.8 47
O Jl:
o i —
Y g 2278 : Es
(o) e} F)/
32 fory e
0T 2276 W g,
# 3ot
S g 2
2274
.1 |
Mean
- S S T S — Std. Dev
0 ‘ ‘ ‘ : : ;
157.86 157.9 157.94 250 300 350 400 450 500 550
Longitude
WHOTS-7 ARGOS position
2282
2238
@, 2278 €
[o) e} @ E;
& 2 Q
== =
2276
g3 2
[a)
2274
22.72 . N ; s St Dev.
0 ‘ ‘ ‘ ‘ ‘ : ‘
157.86 157.9 157.94 250 300 350 400 450 500 550

Longitude

Figure 5-25. WHOTS7 buoy ARGOS positions (circles, left panels), and distance from its anchor (dots, right
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E. MAVS Acoustic Velocity Sensor
A Nobska MAVS acoustic velocity sensor (SN 10261) was deployed at 20 m on the

WHOTS-7 mooring.Current velocities from this sensor were not availabléd ast a f réom t he
an®b o0t r agfaled shortty mfter the mooring was deploygtgure5-26).
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Figure 5-26. Time series of the raw acoustic velocity measured by each of the A, B, C and D transducers incm s
from the MAVS deployed at 20 m.
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6. Results

During the WHOTS7 cruise(WHOTS-7 mooring deployment)Station ALOHA was under
the influence of the eastern North Pacific high pressure system, and subject to nezdgrate
northeagerly trade windswWinds were light (1615 kts) during July 228", 2010.Easterly
waves were well developed, bringing the ITCZ northward, strengthening the surface pressure
gradient near the wave cresd upper level trough extended from the northeast of ALOHA
towards the southwedtailing a surface trough with a motsbpical air massThis resulted in
somewhat greater vertical development of trade wind cumulus, and occasional light rainfalls,
resulting in showery, breezy weather for Jul{’ 29August 3°. This synoptic situation may have
been enhanced by the onsktleep convection in the western equatorial Pacific, with enhanced
trade wind inflows.

During theWHOTS-8 cruise(WHOTS-7 mooring recovery)Station ALOHA was under the
influence of the eastern North Pacific high pressure system, and subject to meaistrate
northeasterly trade wind&Vinds were light (1615 kts) during July %", 2011,strengthening
July 711 9™ with greater vertical development of the boundary layer and shower adtiitgts
moderated on th&0" through 13, picking up again on th12". Thereaktime shipboard ADCP
system was not available at the beginning of the cruise, but was onlif¥ tlay.2The 88 m
currents aStation ALOHA were mainly northkestvard along thesouthwestlank of a nearly
stationary anticyclonic eddy to tieast of ALOHA. The currents were also influenced by M2
internal tides (strongest in the upper 100 m) and by inertial watiessirface currents on the
transit back from Station ALOHA to Oahuevemarked by modest westward flow.

The temperature MicroCAflecords during the WHOTF3 deployment Figure6-14
throughFigure6-17) show obvious seasonal variability in the upper 100 m, and a sudden drop
below 55 mduring OctoberNovember 2010The salinity recordsigure6-18 throughFigure
6-21) do not show an obvious seaaboycle, buthreeinstances of salinitincreasavere
recorded durin@@ctoberNovember 2010, Januafebruary 2011 and May 20b¥ the
instruments located abov@dm.

Figure6-26 andFigure6-27 show contours of the WHOTF&MicroCAT data incontext
with data from the previouddepbyments. The seasonal cycle is obvious in the temperature
record, with record temperatures (higher than 26 °C) in the summer of 2004, and to a minor
extent in the summer of 2005. Salinities in the subsurfacetgatiaiximum were relatively low
during the first 6 years of the record, only to increase drastically after 2008, with some episodes
of lower salinity in mid2011. The salinity maximum extended to near the surfacegisome
instances in early 2010 and 2011 Wh e n  pdcaotdinagesigure6-27), the salinity
maxi mum seems to be centered roughly between

Figure6-31throughFigure6-33 show time series of the zonal, meridional, and vertical
currents recorded with the moored ADCPs during the WH®@@8&ployment, anéigure6-44
shows theverticalcurrents at 10 and 30 nolected by the VMCMsFigure6-28 throughFigure
6-30 show contours of the ADCP current components in context with data from the previous
deployments. In spite of the gapsthe data, an obvious variability is seen in the zonal and
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meridional currents, apparently caused by passing eddies. On top of this variability there have
been periods of intermittent positive or negatzonal currents, for instance during 2€08.

The contours of vertical current compon@figure6-30) show a transition in the magnitude of

the contours rea 47 m, indicating that the 300 kHz ADCP located at 126 m moves more
vertically than the 600 kHz ADCPdated at 47.5 m.

Comparisons between the shipboard ADCP from HOT cruises and the mooring data are
compiled inTable6-1, and shown irrigure6-34 throughFigure 6-43. The correlation
coefficient from these comparisons is higher than 0.6 for the majority of the cruises.

The motion of the WHOTS buoy was registeredylihe XeosGPS receiver, and its
positions are plotted iRigure6-45. The buoy was located west of the anchor for the majority of
the deployment, excepuring October 2010, late 2010 and early 2@hEn it was east of it.
Power spectrum of these dakagure6-46) shows extra energy at the inertial period (~31 hr).
Conbining the buoy motion with the tilt (a combination of pitch and roll) from the ADCP data
(Figure6-47), showed that the tilt sreased as the buoy distance fribi anchor increased. This
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)fronstlelcastebtaingd daringdthep ot e nt
WHOTS 7 deployment cruise are presentedrigure6-1 throughFigure6-6, together with the
results of bottle determinaticof salinity.Figure6-7 throughFigure6-11 are the results of the
CTD profiles during the WHOT-8 cruise.
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Figure 6-1. [Upper left panel] Profiles o€ T D
pressure, including discrete bottle salinity samples (when available) for station 50 cast 1 during theAWHOTS
cruise. [Upper right panel] Profiles of CTD salinity as a function ofgmtial temperature, including discrete bottle
salinity samples (when available) for station 50 cast 1 during the WHQGF@ise. [Lower left panel] Same as in
the upper left panel, but for station 50 cast 2. [Lower right panel] Same as in the upperanght lput for station

50 cast 2.
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Figure 6-2. [Upper panels] Same as Figure 6-1, but for station 50, cast 3. [Lower panels] Same &8igure 6-1,
but for station 50, cast 4.
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Figure 6-3. [Upper panels] Same as Figure 6-1, but for station 50, cast 5. [Lower panels] Same &Sigure 6-1,
but for station B, cast6.
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Figure 6-4. [Upper panels] Same as Figure 6-1, but for station 52, cast. [Lower panels] Same as Figure 6-1,
but for station 52, cas2.

WHOTS7 Data Report 72



WHOTS-7 Stn 52 Cast 3 22.70°N 157.98°W 23:57Z 30 Jul 2010

0 30 ;
50
100} 1 257 %
1501 1 o
- 201
< 200 5
3 S
o 2507 g 5l
= £
7] (0]
@ 3001 F
a S
350 g 107
&
400
5L
450
500 0
0 10 20 30 34 34.5 35 35.5
| Temperature (°C) ‘ Salinity
34 35 36 37
| Salinity
22 24 26 28
ce(kg/ms)
WHOTS-7 Stn 52 Cast 4 22.69°N 157.97°W 03:55Z 31 Jul 2010
0 : : 30 : :
50
100} 251
1501 o
- 201
< 200t 5
3 S
o 250 g 15/
>
7] (0]
g 300 =
a S
350 g 107
o
o
400
5t
450
500 0
0 10 20 30 34 34.5 35 35.5
| Temperature (°C) ‘ Salinity
34 35 36 37
| Salinity
22 24 26 28
ce(kg/ms)

Figure 6-5. [Upper panels] Same as irigure 6-1, but for sation 52, cast 3. [Lower panels] Same a$igure 6-1,
but for station 52, cast 4.
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Figure 6-6. [Upper panels] Same as Figure 6-1, but for station 52, cast 5. [Lower panels] Same dSigure 6-1,
but for station 52, cast 6.
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Figure 6-7. [Upper left panel] Profiles of CTDtempeat ur e, sal i ni ty yasafudctiopaft ent i al
pressure, including discrete bottle saty samples (when available) for station 52 cast 1 during the WHDTS
cruise. [Upper right panel] Profiles of CTD salinity as a function of potentiaptnature, including discrete bottle
salinity samples (when available) for station 52 cast 1 during the WHBXX¥8ise. [Lower left panel] Same as in
the upper left panel, but for station 52 cast 2. [Lower right panel] Same as in the upper right pafei sbation
52 cast 2.
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Figure 6-8. [Upper panels] Same as in Figure? but for station 52, cast 3. [Lower panels] Same as in Figtife 6
but for station 52, cast 4.
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Figure 6-9. [Upper panels] Same as Figure 6-7, but for station 52, cast 5. [Lower panels] Same &8igure 6-7,
but for station 50 cast 1.
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Figure 6-10. [Upper panels] Same as Figure 6-7, but for station 50, cast 2. [Lower panels] Same asigure
6-7, but for station 50 cast 3.
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WHOTS-8 Stn 50 Cast4 22.78°N 157.93°W 03:46Z 10 Jul 2011
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0 \ \ 30 : \
501
100t 20
1501 o
- 20
< 200f 5
3 g
o 250 / y g 15
>
0 @
@ 3001 =
a g
350 g 107
&
400
51
450 '\ / \ ®
500 1
( /. A\ : | |
0 10 20 30 34 34.5 35 35.5
| Temperature (°C) ‘ Salinity
34 35 36 37
| Salinity
22 24 26 28
ce(kg/ms)

Figure 6-11. [Upper panels] Same as Figure 6-7, but for station 50, cast 4. [Lower panels] Same asigure
6-7, but for station 50 cast 5.
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B. Thermosalinograph data

Underway measurements of near surfaceptmature and near surface salinitynfro

thermosalinograph as well as navigation for the WHOT8uise are presesd inFigure6-12
andFigure6-13 Since external temperatidata were available, temperatures from the internal
sensol(where conductivity is measurealecorrectedoy an offset obtaineftom comparisons

with theexternal sensor ardTD cast data; #ninternal sensor temperatures affected by

cooling and heting as the water traveled through the ship from the intake to the

thermosalinograph (see Sect. 4.C.2), and therefore these data were flagged as uncalibrated. There
were no plots generated for the WHOBSruise due tdow resolutiondatafrom the

conductvity sensor aboard the NOAA Shipi 6 i adeaSeat.4.C.1).

AC-29 Thermosalinograph, o=CTD at 8 dbar, x=salinity botile
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Figure 6-12. Final processed temperaturefugr panel ), salinity ( migdldiee panel )

panel) data from the contious underway system on board the RV Kilo Moana during the WHQ@Ti8se (AC

29). Temperature and salinity taken frordiar CTD data (circles) and salinity bottle sample data (crosses) are
superimposed. The dashed vertical red line indicates the pefioccupation of Station ALOHA and the WHOTS
site.
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AC-29 Navigation and Ship Speed
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Figure6-13. Ti meseries of | atitude (upper panelnel)duingngi tude

the WHOTS? (AG29) cruise.

C. MicroCAT/SeaCAT data

The temperature and salinity measured by MicroCATs during the mooring deployment are
presented ifrigure6-14to Figure6-21-for each of the depths where the instruments were
locat ed. The podigatso plottdd ifriheretL22td Figure6-25.

Contoured plots of temperature and salinity as a function of depth are presdfitrden

6-26,andc ont our ed pl ot s gada fyndidnefdeptral bf sairtyrasa t y (G
f unct igareninFigure6-07.
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Figure 6-14. Temperatues from MicroCATs during WHOTBdeployment at 1, 15, 25, and 35 m.
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Figure 6-15. Same as ifrigure 6-14, but at 40, 45, 50, and 55 m.
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