NASA OCEAN BIOLOGY/BIOGEOCHEMISTRY PROGRAM 
NASA Goddard Space Flight Center, Ocean Ecology Laboratory, Field Support Group 
Participating team members: 
Joaquín E. Chaves, Scott A. Freeman, and Michael G. Novak 
The NASA Goddard Space Flight Center (GSFC), Field Support Group participated in the 2017 P06 Leg 2 GO-SHIP campaign on board the R/V Nathaniel B. Palmer. The campaign departed from the Papeete, French Polynesia, on August 20, 2017, and arrived in Valparaiso, Chile, on September 30, 2017. Measurements were mainly conducted along 32.5° S just south of the South Pacific Gyre, starting at approximately 149° W, along a zonal west-to-east transect ending at ~74° W off the coast of Chile.
NASA Science Objectives 
The P06 campaign presented a valuable opportunity to collect in-water optical measurements concurrently with phytoplankton pigments and other biogeochemical parameters to support NASA's satellite ocean color validation across a wide dynamic range of water optical properties. The P06 line traversed from the clear, oligotrophic Gyre, to the hypertrophic waters of the Chile upwelling system (Fig. 1). Pigment and biogeochemical samples were also collected concurrently with the deployment of SOCCOM biogeochemical ARGO floats to support their calibration.
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[bookmark: _GoBack]Figure 1. Summary of NASA’s sampling during GO-SHIP P06, 2017.
Phytoplankton pigments and taxonomy, and biogeochemical measurements 
Near-surface samples (~2 m) were collected for measure the concentration of phytoplankton pigments using high performance liquid chromatography (HPLC), particulate organic carbon (POC), particulate inorganic carbon (PIC), dissolved organic carbon (DOC), and spectral particulate (ap()), and CDOM (ag()) absorptions. Samples for the determination of phytoplankton species composition and cell abundance were also collected and preserved for later analysis. A FlowCam imaging flow cytometer (Fluid Imaging Technologies, Inc., Scarborough, ME) was used to quantitatively image live phytoplankton cells for taxonomic classification and enumeration. For the parameters above, surface samples were collected with a peristaltic pump outfitted with an acid-clean silicon rubber hose deployed over the side while on station. Additional subsurface samples from two depths within the photic zone (< 200 m) were collected from the CTD rosette at stations where concurrent optical measurements were conducted. The depths for these subsurface samples were chosen based on the location of the chlorophyll maximum. Niskins bottles were fired at and above the chlorophyll maximum, the latter depth was determined by the inflection point of the chlorophyll fluorescence above the maximum. All filtration and cold sample preservation were conducted on board. Samples were transported to NASA-GSFC for further analyses. An inventory of all samples collected for each parameter is presented in Table 1. 
In-Water Optical Measurements (AOPs, IOPs) 
The package to measure inherent optical properties (IOPs) was equipped with two attenuation and absorption spectrometers (ac-s, ac-9; WET Labs, Inc.). The ac-9 was equipped with a 0.2 um pre-filter to allow the in-situ measurement of spectral particulate absorption (ap ()). The IOP package also included two scattering meters (bb-3, VSF-9; WET Labs, Inc.), and a Sea Bird SBE 49 CTD. The ac-s and ac-9 meters measure absorption and attenuation (and total scattering by difference) at 90 and 9 wavelengths, respectively, between 400 and 740 nm, while the bb-3 measures backscatter at 3 wavelengths and 117°. The VSF-9 measures scattering at 9 angles from 60° to 170° at 532 nm. The package performed casts down to 200m depth at 36 stations during the campaign (Table 2). 
Apparent optical properties (AOPs), both downwelling irradiance (Ed ()) and upwelling radiance (Lu()), were measured using a Satlantic, Inc., HyperPro radiometer system and/or a Biospherical Instruments C-OPS system. For both instrument systems, incoming solar irradiance (Es ()) was measured with a matching reference radiometer. The HyperPro system measured radiance and irradiance at 255 wavelengths between 305 and 1140 nm, while the C-OPS measured the same parameters at 19 wavelengths between 305 and 900 nm. AOP measurements were conducted once daily within ± 2 h of local solar noon when weather conditions permitted down to the 20% of surface light level. 
Additionally, we conducted solar radiometry at 10 stations using a Microtops Sun Photometer. The Microtops is a small, handheld instrument, which measures solar radiance at five wavelengths. These data will be incorporated into NASA’s AERONET database. 
Underway IOP Measurements 
During the entire campaign, with the exception of the transit through the French EEZ, we conducted IOP measurements with an underway system that included an ac-s meter, a VSF-3 scattering meter, a bb-3 scattering meter, and a chlorophyll fluorometer. All the above instruments in the underway system are from WET Labs, Inc. A Turner integrated cavity absorption meter (ICAM) also provided absorption data at 9 wavelengths. In addition to the optical instruments, the system included a SeaBird SBE45 thermosalinograph and a Sequoia Inc. valve flow control unit, which switched hourly between whole seawater and 0.2 um filtered water to measure ap. Twice per day, distilled water was run through the entire system to calibrate the optical instruments. 
Table 1: Biogeochemical samples collected during the P06 campaign by the NASA team.
	Parameter
	Number of samples

	ap
	213

	ag 
	122

	DOC
	301

	HPLC pigments
	226

	POC
	646

	PIC
	137

	Phytoplankton abundance, taxonomy
	108

	Total
	1753



Table 2: Inherent optical properties (IOPs) instrument casts during the P06 GO-SHIP campaign. 
	Date, UTC
yyyymmdd
	Beg time,
UTC
	Duration
	End time,
UTC
	Station
	Latitude
	Longitude

	20170824
	0:05:26
	0:10:41
	0:16:07
	902
	-28.9596
	-148.9672

	20170824
	0:23:01
	0:30:00
	0:53:01
	902
	-28.9596
	-148.9672

	20170824
	22:19:54
	0:30:16
	22:50:10
	144
	-32.4996
	-148.9693

	20170825
	20:28:41
	0:29:32
	20:58:13
	146
	-32.5009
	-147.3892

	20170826
	20:27:47
	0:29:05
	20:56:52
	148
	-32.5001
	-145.7090

	Table 2 (cont.): Inherent optical properties (IOPs) instrument casts during the P06 GO-SHIP campaign.

	Date, UTC
yyyymmdd
	Beg time,
UTC
	Duration
	End time,
UTC
	Station
	Latitude
	Longitude

	20170828
	18:40:19
	0:21:25
	19:01:44
	152
	-32.5032
	-142.2516

	20170829
	22:24:34
	0:20:14
	22:44:48
	155
	-32.4992
	-139.4796

	20170830
	20:15:00
	0:34:56
	20:49:56
	157
	-32.5003
	-137.6989

	20170831
	19:22:55
	0:19:03
	19:41:58
	160
	-32.5001
	-135.0277

	20170902
	17:32:45
	0:22:20
	17:55:05
	162
	-32.4998
	-133.2433

	20170903
	18:52:53
	0:15:48
	19:08:41
	165
	-32.4998
	-130.5776

	20170904
	19:59:07
	0:20:58
	20:20:05
	168
	-32.5003
	-127.9669

	20170905
	17:18:56
	0:20:14
	17:39:10
	171
	-32.5010
	-125.8766

	20170906
	19:03:54
	0:20:58
	19:24:52
	175
	-32.5000
	-122.9989

	20170907
	17:35:59
	0:19:19
	17:55:18
	178
	-32.4997
	-120.5564

	20170908
	18:25:35
	0:19:34
	18:45:09
	181
	-32.4998
	-118.0661

	20170909
	21:14:20
	0:23:04
	21:37:24
	184
	-32.4896
	-115.5716

	20170910
	18:56:35
	0:20:28
	19:17:03
	187
	-32.5001
	-113.0855

	20170911
	18:17:36
	0:20:06
	18:37:42
	191
	-32.5001
	-110.3258

	20170912
	18:03:34
	0:21:51
	18:25:25
	194
	-32.5000
	-108.2560

	20170913
	18:52:25
	0:26:43
	19:19:08
	198
	-32.5000
	-105.4966

	20170914
	18:54:19
	0:26:28
	19:20:47
	201
	-32.5002
	-103.4259

	20170915
	19:49:13
	0:23:12
	20:12:25
	205
	-32.5005
	-100.6656

	20170916
	15:29:38
	0:24:19
	15:53:57
	207
	-32.5002
	-98.8853

	20170917
	15:06:44
	0:19:53
	15:26:37
	210
	-32.5004
	-96.2146

	20170918
	15:57:44
	0:20:38
	16:18:22
	213
	-32.4998
	-93.5440

	20170919
	17:00:21
	0:22:07
	17:22:28
	216
	-32.5031
	-90.8778

	20170920
	17:25:56
	0:22:16
	17:48:12
	219
	-32.4999
	-88.2050

	20170921
	15:12:56
	0:22:22
	15:35:18
	222
	-32.4999
	-85.5353

	20170922
	15:47:19
	0:21:52
	16:09:11
	225
	-32.5008
	-82.8655

	20170923
	16:25:33
	0:21:32
	16:47:05
	228
	-32.5002
	-80.1938

	20170924
	16:39:59
	0:22:34
	17:02:33
	231
	-32.5002
	-77.5246

	20170925
	13:20:32
	0:20:35
	13:41:07
	233
	-32.4997
	-75.7453

	20170926
	15:44:33
	0:32:15
	16:16:48
	237
	-32.5004
	-73.0834

	20170927
	15:34:50
	0:25:36
	16:00:26
	241
	-32.5001
	-72.5573

	20170928
	16:45:02
	0:24:58
	17:10:00
	245
	-32.5000
	-72.1956

	20170929
	13:32:31
	0:10:31
	13:43:02
	250
	-32.5005
	-71.5850

	20170929
	13:48:52
	0:22:06
	14:10:58
	250
	-32.5172
	-71.5850





Table 3: Apparent optical properties (AOPs) instrument casts during the P06 GO-SHIP campaign. 
	Date, UTC
yyyymmdd
	Beg time,
UTC
	End time,
UTC
	Station
	Latitude
	Longitude
	Sky conditions, % clouds

	20170823
	21:15:00
	21:25:00
	902
	-28.9638
	-148.9673
	100

	20170823
	21:26:00
	21:30:00
	902
	-28.9638
	-148.9673
	60

	20170828
	19:07:00
	19:22:00
	152
	-32.5032
	-142.2516
	50

	20170829
	22:07:00
	22:20:00
	155
	-32.4992
	-139.4796
	100

	20170903
	19:15:27
	19:17:25
	165
	-32.4998
	-130.5776
	60

	20170903
	19:17:32
	19:25:00
	165
	-32.4998
	-130.5776
	60

	20170904
	20:26:49
	20:41:22
	168
	-32.5003
	-127.9669
	40

	20170905
	17:39:03
	17:40:21
	171
	-32.5010
	-125.8766
	10

	20170906
	19:35:14
	19:45:43
	175
	-32.5000
	-122.9989
	30

	20170907
	18:12:00
	18:14:00
	178
	-32.4997
	-120.5564
	10

	20170907
	18:14:00
	18:18:00
	178
	-32.4997
	-120.5564
	10

	20170908
	18:53:00
	19:12:00
	181
	-32.4998
	-118.0661
	80

	20170909
	20:37:48
	21:05:00
	184
	-32.4896
	-115.5716
	30

	20170910
	19:25:42
	19:41:27
	187
	-32.5001
	-113.0855
	60

	20170911
	18:52:25
	19:04:08
	191
	-32.5001
	-110.3258
	10

	20170912
	18:53:38
	18:45:35
	194
	-32.5000
	-108.2560
	30

	20170915
	20:24:25
	20:31:05
	205
	-32.5005
	-100.6656
	80

	20170917
	15:32:56
	15:36:41
	210
	-32.5004
	-96.2146
	40

	20170917
	15:47:00
	15:50:42
	210
	-32.5004
	-96.2146
	40

	20170918
	16:26:28
	16:38:05
	213
	-32.4998
	-93.5440
	30

	20170919
	17:37:59
	17:46:28
	216
	-32.5031
	-90.8778
	30

	20170920
	17:56:45
	18:19:43
	219
	-32.4999
	-88.2050
	80

	20170920
	17:56:45
	18:19:43
	219
	-32.4999
	-88.2050
	80

	20170921
	15:47:37
	16:03:20
	222
	-32.4999
	-85.5353
	100

	20170921
	15:47:37
	16:03:20
	222
	-32.4999
	-85.5353
	100

	20170922
	16:22:07
	16:33:07
	225
	-32.5008
	-82.8655
	100

	20170923
	16:57:17
	17:06:51
	228
	-32.5002
	-80.1938
	100

	20170924
	17:03:52
	17:12:40
	231
	-32.5002
	-77.5246
	20

	20170927
	16:31:32
	16:43:45
	241
	-32.5001
	-72.5573
	40

	20170928
	17:23:11
	17:36:41
	245
	-32.5000
	-72.1956
	40

	20170929
	14:20:04
	14:30:13
	250
	-32.5172
	-71.5850
	100
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GO-SHIP P06: NASA Sampling as of Sep 29, 2017
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