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Abstract

This document describes the in situ data collection resulting from the SPURS-2 (Salinity
Processes in the Upper Ocean Regional Studies - 2) field campaign in the eastern tropical
Pacific. The campaign lasted approximately 15 months from August 2016 to November 2017,
and aimed to understand the role of rainfall in creating the surface salinity field that is observed
under the intertropical convergence zone. The data collection was a collaboration between
many different institutions and mostly funded by NASA, with contributions from NSF and NOAA.
It was mainly a US program, but had some French participation. The data collection is large and
diverse, consisting of shipboard data from a series of cruises, Lagrangian instruments,
autonomous platforms and 3 deep moorings. Quantities measured include upper ocean salinity
and temperature on a variety of scales, rainfall, and surface fluxes of heat and moisture. Most of
the data collected during SPURS-2 are now available at the mission page at the Physical
Oceanography Distributed Active Archive Center at
https://podaac.|pl.nasa.gov/datasetlist?ids=Collections&values=SPURS-
2&search=spurs&view=list.



https://podaac.jpl.nasa.gov/datasetlist?ids=Collections&values=SPURS-2&search=spurs&view=list
https://podaac.jpl.nasa.gov/datasetlist?ids=Collections&values=SPURS-2&search=spurs&view=list
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This report documents data collected from the SPURS-2 field campaign in the eastern tropical
Pacific during 2016-2017. SPURS-2 was an international, multi-investigator project whose goals
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were discussed in detail by SPURS-2 Planning Group (2015) and Lindstrom et al. (2017).

Briefly, the purpose was to study the dynamics of the rainfall-dominated surface ocean at the

western edge of the eastern Pacific fresh pool (Alory et al., 2012). Some science questions that

the study sought to address were fihow does the oc
destroy variance cr e athatdrethdlocdl dnénos-laocal efiectsof? 0 and A w
freshwater f | ux o n2Rlanrng Group, 201%).d hig p&troftie Scean is

highly seasonal (Guimbard et al., 2017; Fiedler and Talley, 2006) and subjected to strong zonal

flows associated with the North Equatorial Current and North Equatorial Countercurrent

(Kessler, 2006). Much detail on the scientific results of SPURS-2 was published in the June

2019 issue of Oceanography. A description of the data collection in the same issue was given

by Bingham et al. (2019). All the archived data can be found at the SPURS-2 mission page at

PO.DAAC, https://podaac.jpl.nasa.qov/SPURS. The data collection can be accessed directly at
https://podaac.|pl.nasa.gov/datasetlist?ids=Collections&values=SPURS-

2&search=spurs&view=list (Earthdata login required to download). A complete and updated

table of the measurements can be obtained at https://podaac-
tools.jpl.nasa.gov/drive/files/allData/insitu/L2/spurs2/docs/DataDocumentation/SPURS2Dataset

s _DOls&References.pdf. This table and the Bingham et al. (2019) paper should be viewed as

companions to this report, or alternatively, this report and the table should be viewed as

supporting information for that paper.

The SPURS-2 field campaign consisted of a large variety of in situ instrumentation,

autonomous, drifting, ship-based and moored. Some of the instruments were very standard

(e.g. CTDs) and others very unusual or innovative. The activity was centered at a central

mooring located near (10°N,125°W), with two other moorings deployed to the north and south of

it (Fig. 2.1B). There were two major <cruilses on t
and Fig. 2.1), for deployment in Aug-Sep 2016, and recovery in Oct-Nov 2017. In addition there

were 8 cruises on the LA for light deployment and recovery (Table 2 and Fig. 2.2).

1.1 Data elements

The full list of SPURS-2 datasets shows the heterogeneity of the collection. For the sake of
organization, they are divided loosely into categories here. Dataset numbers refer to this
document:

https://podaac-
tools.jpl.nasa.qov/drive/files/allData/insitu/L2/spurs2/docs/DataDocumentation/SPURS2Dataset
s DOlIs&References.pdf

Category (dataset numbers)

Ocean (1-15, 17-22, 25, 26, 28, 29, 31, 34-39, 44-53, 55, 56, 58)
Atmosphere (16, 23, 24, 27, 32, 33, 39-43, 54, 57)
Ocean-Atmosphere flux (16, 20, 27, 30, 32, 33, 35, 39, 42, 43, 54, 57)

*k%k


https://tos.org/oceanography/issue/volume-32-issue-02
https://tos.org/oceanography/issue/volume-32-issue-02
https://podaac.jpl.nasa.gov/SPURS
https://podaac.jpl.nasa.gov/datasetlist?ids=Collections&values=SPURS-2&search=spurs&view=list
https://podaac.jpl.nasa.gov/datasetlist?ids=Collections&values=SPURS-2&search=spurs&view=list
https://podaac-tools.jpl.nasa.gov/drive/files/allData/insitu/L2/spurs2/docs/DataDocumentation/SPURS2Datasets_DOIs&References.pdf
https://podaac-tools.jpl.nasa.gov/drive/files/allData/insitu/L2/spurs2/docs/DataDocumentation/SPURS2Datasets_DOIs&References.pdf
https://podaac-tools.jpl.nasa.gov/drive/files/allData/insitu/L2/spurs2/docs/DataDocumentation/SPURS2Datasets_DOIs&References.pdf
https://podaac-tools.jpl.nasa.gov/drive/files/allData/insitu/L2/spurs2/docs/DataDocumentation/SPURS2Datasets_DOIs&References.pdf
https://podaac-tools.jpl.nasa.gov/drive/files/allData/insitu/L2/spurs2/docs/DataDocumentation/SPURS2Datasets_DOIs&References.pdf
https://podaac-tools.jpl.nasa.gov/drive/files/allData/insitu/L2/spurs2/docs/DataDocumentation/SPURS2Datasets_DOIs&References.pdf
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Physical
Currents (1-6, 18, 19, 21, 22, 29, 34,)
Temperature/salinity (7-15, 17-22, 25, 26, 28, 34-36, 39, 44, 45 ,55, 56, 58)
Waves (31)
Chemical (50, 51)
Biological (7, 8, 36-38, 52, 53)
*k%
Drifting (15, 16, 19-22, 34)
Stationary (16, 23-30)
Mobile (17, 18, 36, 39)
Underway (Revelle / LA) (1-14, 31-33, 35, 37, 38, 40-56)
*k%
Skin (O Bl)cm) (44
Top (2 cmto 5 m) (7-15, 17-22, 25, 26, 28, 31, 34-39, 50-53, 55, 56, 58)
Deep ( O-13 15n8, 22, 25, 26, 28, 29, 34, 38, 52, 53)
1-12, 15, 18, 22(?), 26, 27, 29, 30, 33, 50, 51)

*k%

2 Cruises

Much of the SPURS-2 data collection was gathered on two ships, the Revelle and the LA.

2.1 Revelle

There were two cruises on the Revelle where SPURS-2 instrumentation were deployed or
recovered (Table 1). Cruise reports were produced with further details about the operations
(Drushka, 2018; Jessup et al., 2016).

Table 1. Information about Revelle cruises.

Cruise Departure Completion UNOLS | Data URL Chief Scientist
number | date / port date / port Cruise (institution)
designati
on
1 13-Aug-2016 | 23-Sep-2016 | RR1610 | http://www.rvdata.us/ | A. Jessup (U.
/ Honolulu / Honolulu catalog/RR1610 Washington)
2 16-Oct-2017 | 17-Nov-2017 | RR1720 | http://www.rvdata.us/ | K. Drushka (U.
/ San Diego |/ San Diego catalog/RR1720 Washington)



http://www.rvdata.us/catalog/RR1610
http://www.rvdata.us/catalog/RR1610
http://www.rvdata.us/catalog/RR1720
http://www.rvdata.us/catalog/RR1720
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During the 2016 cruise (ficruise 10), the Revelle
seagliders, 6 dual-sensor (AOML) drifters, 5 SVP drifters, 10 regular profiling floats, 5 profiling

floats with PAL, 3 SURPACT drifters. The ship did 50 CTD casts, 82 atmospheric profiles from
rawinsondes. As it was in motion, the ship collected pCO2, DIC, DO2 and pH data, surface

salinity data from a salinity snake, temperature and salinity from three ports in the hull, 262

uCTD casts, 19 tows of the surface salinity profiler, 25 XBT casts, velocity profiles from three

different ADCP systems and skin surface measurements from a dedicated IR radiometer.

(Jessup et al., 2016)

During the 2017 cruise (ficruise 20), the Revelle
wavegliders (one had been previously recovered by the LA). One of the wavegliders was

subsequently redeployed and recovered a few times. It deployed and recovered 2 ecomappers

on two separate missions. It recovered 2 seagliders (one had been recovered by the LA). It

deployed 2 SVP and 4 SVP-S, 5 CODE-type andone S-ADOS dri fter as part of
experiment. It deployed 11 profiling floats, 2 of them beingso-c al | ed ATPOS fl oatsodo w
biogeochemical and PAL sensors. It deployed 4 CARTHE/SURPACT drifters. The ship did 15

CTD casts, 85 atmospheric profiles from rawinsondes. As it was in motion, the ship collected

pCO2, DIC, DO2 and pH data, bio-optical data, surface salinity data from a salinity snake,

temperature and salinity from three ports in the hull, 501 uCTD casts, 16 tows of the surface

salinity profiler, 11 XBT casts, velocity profiles from three different ADCP systems, and skin

surface measurements from a dedicated IR radiometer. (Drushka, 2018)
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Figure 2.1. Tracks of the Revelle for cruise 1 (red) and cruise 2 (blue). See Table 1 for cruise

dat es. Panel B boundaries are shown in Panel A by
panel is the nominal |l ocation of the central mo or
locations of the north and south PICO moorings.

2.2 Lady Amber

There were 8 cruises on the LA (Rainville et al., 2019, Fig. 2.2 and Table 2). The LA is a 20m
long twin-masted schooner. It was outfitted with a thermosalinograph and meteorological
instrumentation as detailed below. Deployment of instrumentation from a sailing vessel like the
LA is a different way of doing oceanographic research in the modern age - perhaps a throwback
to the distant past of the field. The LA was used for reasons of cost and convenience. The LA
was able to return to the SPURS-2 site several times during the year-long field campaign,
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whereas the more standard Revelle was only able to get to the site at the beginning and end.
The LA was used for light deployment and recovery of instrument platforms, and coordinated
scientific activities with the larger and more mobile Revelle (Table 2).

Table 2. Information about LA cruises. See Fig. 2.2 for cruise tracks.

Cruise | Departure | Completion | Drifters | Waveglid | Waveglid | Seaglider | Seaglider
number | date / port | date / port | deployed | ers ers s S
recovered | redeploy | recovered | deployed
ed
1 9-June- 5-July- 10 SVP-
2016 /La | 2016/ S
Paz Honolulu
2 29-Aug- 25-Oct- 10 SVP- |2 2
2016/ 2016/La |S,5SVP
Honolulu | Paz
3%% 1-Dec- 16-Jan- 20* 2 1
2016 /La | 2017/ San
Paz Diego
4 15-Aug- 21-Sep- 20* 3 2
2017/ 2017 / La
San Paz
Diego
5** 17-Oct- 1-Dec- 18*
2017 /La [ 2017/ San
Paz Diego
6 3-Jan- 11-Feb- 20*
2018/ 2018/ La
San Paz
Diego
7 25-Mar- 30-Apr- 20*
2018 /La | 2018/ San
Paz Diego
8 July-2018 | Aug-2018/ | 20*
/ San San Diego
Diego
»All SVP-S

»%During this cruise, the LA recovered the Lagrangian float on 14-Dec-2016.
*Half SVP and half SVP-S.

**This cruise included joint operations with the Revelle.
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Sensors on board the LA included meteorological (sonic anemometer, air temperature, relative
humidity, radiometer and rain gauge), and oceanographic instruments (salinity snake and TSG).
LA underway data were collected during cruises 2-7, but not on cruises 1 and 8. See section
3.6.3.

35°N

30°N

25°N

20°N" 4 B

Honolulu

15°N Cruise 1
Cruise 2
Cruise 3

10°N Cruise 4
Cruise 5 ;

. Cruise 6 :  SPURS-2
5°N Cruise 7 - central mooring

Cruise 8

. : .

60°W 150°W 140°W 130°W 120°W 110°W 100°W
Figure 2.2. LA cruise tracks color coded as indicated in the inset. See Table 2 for cruise dates.
Map courtesy of L. Rainville.

3 Instrument platforms and datasets

What follows is a description of the various instrument platforms utilized and datasets collected
during the field campaign. Links are given to allow access to the various datasets, most of which
are available, as stated above, at the PO.DAAC SPURS mission page, or the SPURS-2 data
collection.

All data were archived as netCDF files conforming to CF1.6 and ACDD1.1 standards, using a
set of templates from NCEI.

3.1 Standard shipboard data from the Revelle

The shipboard instrumentation from the Revelle were standard for a UNOLS vessel. The ones
we report on here were those relevant to the physical oceanography associated with SPURS-2,

namely the ADCP, CTD, TSG, XBT and meteorological


https://podaac.jpl.nasa.gov/SPURS
https://podaac.jpl.nasa.gov/datasetlist?ids=Collections&values=SPURS-2&search=spurs&view=list
https://podaac.jpl.nasa.gov/datasetlist?ids=Collections&values=SPURS-2&search=spurs&view=list
https://www.nodc.noaa.gov/data/formats/netcdf/v2.0/
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collected during the cruises including those not discussed here can be found at the URLSs given
in Table 1 or at the SPURS-2 data collection at PO.DAAC. Quality assessments of the various
datasets discussed in this section can be found at http://get.rvdata.us/ga_inc/ using the cruise
designations shown in Table 1.

3.1.1 Revelle TSG and met data
dx.doi.org/10.5067/SPUR2-USPS0

The TSG and shipboard met data from the Revelle cruises are distributed within the USPS data

files at 5 second i nt ewasathb®mut5ntdegh, whbreap thesUSFSSG i nt ak
intakes were at 2 and 3 m (Asher et al., 2014). TSG data from the 2 m and 3 m intakes were

corrected to make them compatible with actual conditions at 2 and 3 m depth. 5 m TSG data

were not corrected.

FigUré 3.1. USPS setup on the R‘evelle. See Asher et al. (2014) for more discussion.


http://get.rvdata.us/qa_inc/
http://dx.doi.org/10.5067/SPUR2-USPS0
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Figure 3.2. A sample of underway measurements from (left column / right column) Revelle
cruise 1/ 2. Top row: SST from the 2 m intake. Second row: SSS from the 2 m intake. Third
row: wind speed. Fourth row: air temperature. Fifth row: relative humidity.

3.1.2 Revelle ADCP data
dx.doi.org/10.5067/SPUR2-ADCPO

ADCP data were collected using three different instruments, an RD Instruments 150 khz
broadband, a 150 khz narrowband and a 75 khz narrowband. The ADCP instruments were
operating for essentially the entire time that the Revelle was in US or international waters on
each cruise. (They were turned off in Mexican territorial waters during cruise 2.) Data files
contain velocity profiles at approximately 2 minute intervals along ship tracks.

10


http://dx.doi.org/10.5067/SPUR2-ADCP0
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Figure 3.3. Teledyne RDI Workhorse Sentinel ADCP (Seatronics 2019).
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Figure 3.4. Seawater temperature of ADCP 0s150bb transducer during Revelle cruise 1.

11


https://seatronics-group.com/equipment-rental/metocean/adcp/teledyne-rdi-workhorse-sentinel-adcp/
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Figure 3.5. Seawater speed (m/s) with depth of ADCP 0s150bb during Revelle cruise 1.
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Seawater Temperature of ADCP RR1610 os150nb

30.5

295 N

ol \

27 1 1 1 | 1
2016-08-13 2016-08-20 2016-08-28 2016-09-04 2016-09-12 2016-09-19 2016-09-27

Time

Seawater Temperature (°C)

Figure 3.6. Seawater temperature of ADCP 0s150nb transducer during Revelle cruise 1.
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Figure 3.7. Seawater speed (m/s) with depth of ADCP 0s150nb during Revelle cruise 1.
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Seawater Temperature of ADCP RR1610 os75nb
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Figure 3.8. Seawater temperature of ADCP 0s75nb transducer during Revelle cruise 1.
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Figure 3.9. Seawater speed (m/s) with depth of ADCP o0s75nb during Revelle cruise 1.
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Figure 3.10. Seawater temperature of ADCP 0s150bb transducer during Revelle cruise 2.
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Figure 3.11. Seawater speed (m/s) with depth of ADCP 0s150bb during Revelle cruise 2.
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Figure 3.12. Seawater temperature of ADCP 0s150nb transducer during Revelle cruise 2.
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Figure 3.13. Seawater speed (m/s) with depth of ADCP 0s150nb during Revelle cruise 2.
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Figure 3.14. Seawater temperature of ADCP 0s75nb transducer during Revelle cruise 2.
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Figure 3.15. Seawater speed (m/s) with depth of ADCP 0s75nb during Revelle cruise 2.

3.1.3 Revelle XBT data
dx.doi.org/10.5067/SPUR2-XBT00

XBT casts were carried out on both Revelle cruises, 25 on cruise 1 and 11 on cruise 2.

22
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Fig. 3.16. Locations of XBT casts (x6s) on cruise
shows the boundaries of Fig. 3.17.

100 N e <

50 N
1300 W 1275 W 1250 W 1225 W 1200 W

Figure 3.17. Locations of XBT castd)s (x6s) on crui
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Figure 3.18. Expendable bathythermograph (XBT) being launched from a vessel (Wikimedia
Commons 2019).

3.1.4 Revelle CTD data
dx.doi.orq/10.5067/SPUR2-CTD00

There were 50 CTD casts on cruise 1 and 14 on cruise 2 (Fig. 3.19). An overview of the
procedures for processing the data can be found at https://scripps.ucsd.edu/ships/shipboard-

technical-support/odf/data-services/quality-control. On cruise 1 (2), most CTD casts went to
1000 (500) m maximum depth. There was one deep cast on cruise 1 and one on cruise 2.

0y

160"y o W
150" W
0w 40w 130" W 1200 W 1o W o0

24


https://upload.wikimedia.org/wikipedia/commons/thumb/e/ee/Launching-an-expendable-bathythermograph-XBT.jpg/780px-Launching-an-expendable-bathythermograph-XBT.jpg
https://upload.wikimedia.org/wikipedia/commons/thumb/e/ee/Launching-an-expendable-bathythermograph-XBT.jpg/780px-Launching-an-expendable-bathythermograph-XBT.jpg
http://dx.doi.org/10.5067/SPUR2-CTD00
https://scripps.ucsd.edu/ships/shipboard-technical-support/odf/data-services/quality-control
https://scripps.ucsd.edu/ships/shipboard-technical-support/odf/data-services/quality-control
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Figure 3.19. Locations of CTD casts (x6s) on crui
shows the boundaries of Fig. 3.20.
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Figure 3.20. Locations of CTD casts (x06s) on crui
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Figure 3.21. CTDs onboard and being deployed from the Revelle. Photos courtesy of B.
Greenwood, S. Kawamoto, and D. Volkov, respectively.

AT

ol

3.2 Other Revelle Data

Beyond standard instrumentation, there were a number of custom measurements done on the
Revelle during SPURS-2.
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3.2.1 uCTD data
dx.doi.org/10.5067/SPUR2-UCTDO

An Oceanscience underway CTD (uCTD) system was operated on both Revelle cruises (Fig.
3.22). There were 259 uCTD casts on cruise 1 and 493 on cruise 2 (Fig. 3.23). The uCTD data
were processed according to the procedures detailed in Ullman and Hebert (2014).

Figure 3.22. Left. uCTD deck assembly as the instrument is profiling. Right: The uCTD being
recovered at the end of a cast off the aft deck of the Revelle. Photos courtesy of J. Sprintall.
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Figure 3.23. Locations of uCTD casts (x6s) on (1e
each figure is the Revelle track.

0 0
s

100 100 ¢
“
~ 200 200
(O]
5
o 300 300
(7))
D 400 400 ¢
Q.

500 500

5 32
0 0

s

100 100 ¢
-
~ 200 200
(0]
5
o 300 300
(7]
D 400 400 ¢
Q.

500 . : . . 500 . .

5 10 15 20 25 30 32 33 34 35
temperature (°C) salinity

Figure 3.24. Ten random profiles from each Revelle cruise. Left column: temperature. Right
column: salinity. Top row: cruise 1. Bottom row: cruise 2.

3.2.2 SSP data
dx.doi.org/10.5067/SPUR2-SSP00
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The surface salinity profiler (SSP) was a towed instrument that included a salinity intake at the
surface and CTDs at a set of three shallow depths (Drushka et al., 2019; Asher et al., 2014). It
also had two microstructure probes. It was mounted on a sailboard-like platform outfitted with an
outrigger for stability and a keel for in-water instrumentation (Fig. 3.27). The instrument package
was towed behind the Revelle as the ship moved at approximately 4 knots. There were 18 tows
on cruise 1 (Fig. 3.25) and 16 tows on cruise 2 (Fig. 3.26).
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Figure 3.25. Deployment of the cruise 1 SSP tows with the ship track of the Revelle shown in
blue.
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Figure 3.26. Deployment of the cruise 2 SSP tows with the ship track of Revelle shown in blue.

Figure 3.27. The SSP being deployed off the side of the Revelle on 30-Oct-2017. Note the keel
with three CTDs on the left side and two microstructure probes on the right. The intake for the
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surface salinity measurement is the light blue tube on the far left side. The plexiglass box with
the ANASAO sticker houses the pump and electronic

3.2.3 Meteorological Data
dx.doi.org/10.5067/SPUR2-METO00

On both Revelle cruises there was a suite of meteorological instruments deployed on a mast on
the bow of the ship (Fig. 3.28). These instruments measure wind speed and direction, air
temperature, barometric pressure, relative humidity, precipitation, downwelling and upwelling IR,
incoming and reflected solar radiation, evaporation rate, rainfall and derived heat and freshwater
fluxes. Clayson et al., (2019) provide a description of the methods used to handle these data as
well as some time-series plots of some of the quantities just mentioned (Fig. 3.29).

Figure 3.28. Meteorological instruments on a mast mounted on the bow of the Revelle on cruise
2. Photo courtesy of Ben Greenwood.
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Figure 3.29. Time series of sea and air temperature, specific humidity, and wind speed (top
three panels) measured during the SPURS-2 deployment (left) and recovery (right) cruises. Net
heat flux (NHF) computed from the combined radiation measurements, computed sensible and
latent heat fluxes, sea surface temperature, and modeled albedo is shown in the fourth panel for
each cruise, with a positive value corresponding to heat input to the ocean. Measured
precipitation and computed evaporation are shown as accumulations in the bottom panel for
each cruise. SST and SSQ are sea surface temperature and specific humidity, respectively;
U10, T10, and Q10 are wind speed, temperature, and specific humidity adjusted to 10 m,
respectively; and UO denotes the ocean current adjusted to the surface (Figure copied from
Clayson et al., 2019).
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3.2.4 A-sphere data

An a-sphere spectrophotometer was deployed on 25 casts during Revelle cruise 2. No final
dataset is available at this time.
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Figure 3.30. Locationsof s phere casts (blue x6s) and ship trac

3.2.5 Rawinsonde data

Atmospheric profile data were collected during both Revelle cruises.

3.2.5.1 Revelle cruise 1
dx.doi.org/10.5067/SPUR2-SONDE

Rawinsonde data from cruise 1 were collected by the WHOI group of James Edson. 82 sondes
were released during the cruise (Fig. 3.31).
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Figure 3.31. Locations of sonde releases during Revelle cruise 1.

Figure 3.32. A rawinsonde being released off the aft deck of the Revelle during cruise 2. Image

courtesy of Ben Greenwood.

3.2.5.2 Revelle cruise 2
dx.doi.org/10.5067/SPUR2-SONDE
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Rawinsonde data from cruise 2 were collected by the CSU group of Steve Rutledge. 79 sondes
were released during the cruise (Fig. 3.33). A processing and QC document is available at the
PO.DAAC archive web page.
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Figure 3.33. Left: Ensemble of sonde-measured temperature profiles during Revelle cruise 2.
Right: Locations of sonde releases during Revellecrui se 2 (bl ue x6s) and the
line).

3.2.6 Salinity snake data
dx.doi.org/10.5067/SPUR2-SNAKE

The salinity snake collects water from the top couple of centimeters of the surface while the ship
is underway, pumps it through a series of debubblers, and then into a TSG. It runs in two
different modes, one while the ship is going fast (~10 knots) and another when the ship is going
more slowly. It automatically switches between modes. See Schanze et al. (2014) for details.
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Figure 3.34. Salinity snake deployed from a boom off the starboard bow of the Revelle. Note the
two intake hoses, one for fast motion and the other for slow. Image courtesy of University of
Washington Applied Physics Laboratory.
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Figure 3.35. Along-track time series from the salinity snake for (left column / right column)
Revelle cruise 1/ 2. Top row: temperature. Bottom row: salinity.

3.2.7 ROSR data
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ROSR data were collected on Revelle cruise 1. No final dataset is available at this time.

CRUISE spurs, FROM 2016-08-14 (227) 03:01:58.0 TO 2016-08-20 (264) 23:41:46.0
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Figure 3.36. Trackline showing skin temperature and with year days noted. Figure taken from
Jessup et al. (2016).

3.2.8 ACFT data
dx.doi.org/10.5067/SPUR2-CFTO00

Turbulence in the upper centimeter of the ocean was measured on both Revelle cruises using
the active controlled flux technique. See Asher et al. (2019) for details on the technique and
description of the cruise 1 data.
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Figure 3.37. The controlled-flux measurement system installed on the Revelle. Photo taken from
Asher et al. (2019).

3.2.9 Underway geochemistry data
dx.doi.org/10.5067/SPUR2-PC020

Underway geochemistry data (pCO., DIC, and pH) were collected on both Revelle cruises.
Surface data were taken from the seawater intake of the salinity snake. 5 m data were collected

from the Revellebdbs TSG seawater int ake. Crui se

acceptable quality for submission.
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SPURS-2 Thermosalinograph
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Figure 3.38. Sea water temperature and salinity recorded at Om and 5m from the
Thermosalinograph.
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3.2.10 Ecomapper data

ected

by

t he

An EcoMapper carrying a suite of instrumentation was deployed on two missions during the
Revelle cruise 2 drifter experiment on 30 and 31-Oct 2017. No final dataset is available at this
time. We show the trajectories below.
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Ecomapper Deployment 1 Trajectory
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Figure 3.40. Trajectory of the first EcoMapper deployment during the Revelle cruise 2.
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Ecomapper Deployment 2 Trajectory
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Figure 3.41. Trajectory of the second EcoMapper deployment during the Revelle cruise 2.
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RO =~
Figure 3.42. EcoMapper being deployed from the Revelle. Photo courtesy of Spencer
Kawamoto.

3.2.11 Underway biology

Underway optical and phytoplankton data were collected during Revelle cruise 2. No final
dataset is available at this time.

3.2.12 SEA-POL Radar
dx.doi.org/10.5067/SPUR2-RNRDR

On the second Revelle cruise, the group from Colorado State deployed a long-range radar for
measuring rain. The SEA-POL is a C-band doppler polarimetric radar (Rutledge et al., 2019).
The radome was deployed on the bow of the ship, just in front of the bridge (Fig. 3.43). The
instrument was operating between 22-October and 11-November-2017 (Fig. 3.44). Estimates of
rain rate, rain age and 30 and 60-minute accumulation were produced approximately every 5
minutes along the track of the ship. These 5-minute maps were produced on a 301X301 grid
whose elements were about 1.4 km apart. Thus, rainfall estimates were obtained over a
420kmX420km box with the ship at the center every 5 minutes. Note, the placement of the
radome in front of the bridge meant that the rainfall estimates were blanked out over about an
80° angle looking aft.
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Figure 3.43. The Revelle in port in San Diego prior to cruise 2. The SEA-POL radar is the large
Afgol f ball o radome placed in front of the bridge
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Figure 3.44. Contour of the rainfall rate on 2017-11-10 at 23:00:03 from the SEA-POL radar.

3.2.13 X-Band radar rain imagery

A commercial X-band radar was used to infer rainfall. It operated in this mode for the entirety of
cruise 1 and while the Revelle was steaming at f
On the second cruise, when the ship was going at less than full speed, the X-band radar was

turned to wave mode (section 3.2.15). Details of the operation of the system are given by

Thompson et al. (2019).

No dataset has been submitted by the PI.
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Image courtesy of E. Thompson.

3.2.14 Cruise 2 Synthesis Rain Product

No such synthesis product has been produced at this time.

3.2.15 Cruise 2 WAMOS Wave Radar
dx.doi.org/10.5067/SPUR2-WAMOS

During cruise 2, the Revelle collected directional wave data from a WAMOS wave radar
instrument when the SSP was deployed, i.e. when the ship was moving slowly (~< 5 knots).
These data encompassed standard surface wave information such as peak period, primary and
secondary swell direction, etc. See section 3.2.13 for a picture of the radar instrument. It was
the same one that collected the X-band rainfall data.
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Figure 3.46. Trajectory of WAMOS wave radar instrument (black) during cruise 2 of the Revelle.
The positions of the moorings are denoted with re
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Figure 3.47. Sea surface swell wave mean period and surface current velocity from WAMOS
Wave Radar.

3.3 Mooring data

There were three moorings deployed during SPURS-2, t he ficentr al mooringo a
prawler moorings.

3.3.1 Central mooring
dx.doi.org/10.5067/SPUR2-MOOR1

The WHOI-UOP Surface Mooring deployed at 10°N, 125°W within the SPURS site in August
2016 collected data until November 2017. Multiple instruments collected data from the central
mooring: Rotronic MP-101A, Heise DXD, Eppley Laboratory, INC. Precision Infrared
Radiometer and Precision Spectral Pyranometer, R.M. Young 50202 Precipitation Gauge and
5103 Wind Monitor, and Seabird Electronics 37-SM. Meteorological variables include air
temperature, relative humidity, air pressure, surface downwelling shortwave and longwave
radiation, rainfall, eastward and northward winds, sea water temperature, sea water salinity, and
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sea water conductivity. Surface fluxes calculated with Coare 3.0 algorithm from surface mooring
data include surface downward sensible and latent heat fluxes, downward net heat flux, and
surface net downward shortwave and longwave fluxes. In-situ measurements include sea water
temperature, sea water salinity, and sea water conductivity. Other variables from instruments at
the central mooring: sea surface skin temperature, wind stress magnitude and direction, wind
speed and direction relative to currents, and specific humidity. See Jessup (2016) for a diagram
of the mooring and a complete list of the instruments deployed on the mooring line.

Figure 3.48. Central mooring onboard Revelle during cruise 2 (left). Central mooring being
deployed from Revelle into the Pacific Ocean during cruise 2 (right).
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¥

Depth (m)
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Date (2016/2017) Date (2016/2017)
Figure 3.49. Contour of temperature through depth and time (left). Contour of salinity through
depth and time (right). Blue line is the temperature-defined mixed-layer depth. White line is the
salinity-defined mixed-layer depth. The difference between them is the barrier-layer thickness
(de Boyer Montégut et al. 2007). See also Katsura et al. (2020) and Bingham et al. (2020).
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Figure 3.50. Data from the WHOI central mooring. Top to bottom: Sea Surface Temperature
adjusted to skin. Wind speed relative to currents. Specific humidity. Latent heat flux. Net

shortwave flux.

3.3.2 PICO moorings
dx.doi.org/10.5067/SPUR2-MOOR2

Two PICO moorings collected CTD data during the SPURS-2 project. PICOSPO01 was located at
11°N, 125°W and recorded data from 2016-Aug-25 at 17:22 until 2017-Jul-03 at 12:46 down to
a depth of 466.15 meters. PICOSP02 was located at 9.05°N, 125°W and recorded data from
2016-Aug-22 at 18:02 until 2017-Oct-12 at 12:15 down to a depth of 546 meters. See Jessup

(2016) for a diagram of the moorings.
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Figure 3.51. Retrieval of PICO mooring from the Revelle. Photo courtesy of A. Jessup.
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Figure 3.52. Wind speed, air temperature, relative humidity, and atmospheric pressure collected

from the PICOSPO1 mooring.
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Figure 3.53. Wind speed, air temperature, relative humidity, and atmospheric pressure collected

from the PICOSP02 mooring.
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Figure 3.55. PICOSPO0L1 - Contour of temperature through depth and time (left). Contour of

salinity through depth and time (right).
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Figure 3.56. PICOSPO02 - Contour of temperature through depth and time (left). Contour of
salinity through depth and time (right).

3.4 Lagrangian platforms

There were several forms of surface drifters deployed during SPURS-2. These included

standard SVP (Surface Velocity Program) and SVP-S (SVP-salinity) drifters (Hormann et al.,

2015), CODE (Coastal Ocean Dynamics Experiment) drifters, an S-ADOS drifter and SURPACT
drifters. During the second Revelle cruise there
were deployed almost simultaneously within a rain event. These included CODE, SVP-S and S-

ADOS drifters (Fig. 3.58).

3.4.1 SVP Drifters
dx.doi.org/10.5067/SPUR2-DRIFT

There were 59 SVP drifters and 52 SVP-S drifters deployed during SPURS-2 from the Revelle
and LA.
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Figure 3.56. SVP drifters being deployed from the Revelle. Photo courtesy of Audrey Hasson.

Figure 3.57. Spaghetti diagram of all of the SVP and SVP-S drifters deployed during SPURS-2
as of 19-March-2018.
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Figure 3.58. Starting locations of the SVP drifters deployed during SPURS-2. Legend indicates
the ship the drifters were deployed from.

3.4.2 CODE drifters
dx.doi.org/10.5067/SPUR2-DRIFT

There were 5 CODE drifters deployed from Revelle during SPURS-2 during the cruise 2 drifter
experiment (Fig. 3.60). Deployment times were on 30-Oct-2017 between 22:20 and 23:50.
Recovery times were on 31-Oct-2017 between 19:45 and 22:40. CODE drifters all had CTDs on
them and measured surface temperature and salinity as a function of time (Figs. 3.61-3.64).
However, the CTD on CODE drifter 1 did not function properly and returned no good data.
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Figure 3.59. CODE drifter being deployed from the Revelle.

Figure 3.60. Trajectory of the CODE, S-ADOS, and SVP drifters that were deployed during the
drifter experiment. The (06s) indicate the depl oy
position for each drifter.
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