During FY13 the FSG reached an agreement with the U.S. Global Ocean Carbon and Repeat Hydrography Program (US Hydro) to become a regular participant in long-range oceanographic campaigns. This involvement in US Hydro campaigns will offer NASA the opportunity to collect comprehensive datasets with a wide range of geographic representation in support of ocean color calibration and validation, while contributing new measurements to the US Hydro program, such as phytoplankton pigments and bio-optical measurements. 
[image: ]	As a first exercise of that agreement, the FSG participated in the P16S CLIVAR campaign on board the R/V Nathaniel B. Palmer. The campaign departed from the Australian port of Hobart, Tasmania, on March 20, 2014, and arrived in Papeete, French Polynesia, on May 5, 2014. Measurements were mainly conducted along 150° W from the Ross Sea section of the Southern Ocean at 67° S, to the tropical waters of the SW Pacific Ocean at approximately 16° S (Fig.n). In addition to the 150° W meridian sampling, the FSG deployed during five stations between Hobart and 67° S immediately preceding biogeochemical ARGO float deployments by a team from the University of Washington. The floats were equipped with WET Labs Inc., backscattering and chlorophyll fluorescence sensors, which can be compared to instruments on our IOP package.














Figure n. MODISA chlorophyll a April climatology for the western South Pacific and Ross Sea regions where the CLIVAR P16S campaign was conducted. Blue line denotes the transit line from Hobart, Tasmania, to the southernmost station in the Ross Sea. Red line denotes the P16S line proper where the bulk of the science measurements were conducted.





The P16S 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 activities at GSFC. 

Phytoplankton pigments, taxonomy, and biogeochemical measurements 

Near-surface samples (~2 m) were collected for HPLC analysis of phytoplankton pigments, particulate organic carbon (POC), dissolved organic carbon (DOC), and spectral particulate (ap), and CDOM (ag) absorptions. Samples for the determination of phytoplankton taxonomy and cell abundance were also collected. For the parameters above, surface samples were collected with a peristaltic pump outfitted with a silicon 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. One sample was collected from the Niskin bottle closest to the chlorophyll maximum, and one either above or below that feature.  All filtration and cold sample preservation were conducted on board. Samples were transported to NASA-GSFC for further analyses. In total, pigment, taxonomy, and biogeochemical samples were collected at 53 stations (Fig. n+1).
In addition to the samples processed and stored for on shore determination, ag was also measured on board on all CDOM samples shortly after collection on two UltraPath liquid waveguide systems (WPI, Inc.). An inventory of all samples collected for each parameter is presented in Table n.

	[bookmark: _Ref243558267]Table n. Biogeochemical samples collected during the P16S campaign by the FSG.

	Parameter
	Number of samples collected

	HPLC Pigments
	261

	ap
	187

	POC
	357

	ag
	143

	DOC
	513

	Phytoplankton abundance, taxonomy
	176

	Total
	1637



The NASA team also collected CDOM samples for Norm Nelson at UCSB. Samples were collected at 16 stations from the rosette casts along the P16S line. Samples were collected once daily every other day from the top 9 depths and from 9 additional depths down the bottom.  

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 ag. The IOP package also included two scattering meters (bb-9, VSF-9; WET Labs, Inc.), and a Sea Bird SBE 45 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-9 measures backscatter at 9 wavelengths and 117°. The VSF-9 measures scattering at 9 angles from 60° to 170° at 532 nm. The package performed casts down to 200 m depth at 40 stations during the campaign (Fig. n+1).
[image: ]	Apparent optical properties (AOPs), both downwelling irradiance (Ed) and upwelling radiance (Lu), were measured using a Satlantic, Inc., HyperPro radiometer during 14 of the 16 stations where AOP measurements were conducted (Fig n+1).  Unfortunately, during the deployment on station 80 the HyperPro was lost due to contact between the instrument cable and the ship propeller. For the last two stations where AOP deployments were possible, a Biospherical Instruments C-OPS system was used. 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 1% of surface light level. Additionally, we conducted solar radiometry at six 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 the AERONET database.Figure n+1: Location of HPLC phytoplankton pigment, AOP, and IOP sampling stations carried by the FSG team during the P16S CLIVAR campaign. Number of stations sampled for each category is denoted in parenthesis.


Underway IOP Measurements

During the entire campaign, with the exception of the transit through the Australian EEZ, we conducted IOP measurements with an underway system that included an ac-s meter, a VSF-3 scattering meter, and two fluorometers for chlorophyll and CDOM, respectively. All the above instruments in the underway system are from WET Labs, Inc. 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 ag. Three times per day, distilled water was run through the entire system to calibrate the ac-s and VSF-3. Because the same ac-s was used in the IOP package, the underway system was turned off while at stations. It performed very well throughout; however as the campaign progressed into warmer subtropical and tropical waters, biofouling from algae growth was noticeable in the lines that fed the ship clean seawater into the system. Further comparisons with other in situ measurements conducted during the cruise will be necessary to validate the data collected by the underway system, particularly during the second half of the campaign. 

Some Preliminary Results

[image: ]	All sample replicates for HPLC phytoplankton pigments collected during the P16S campaign have been analyzed.  Chlorophyll a values measured were able to resolve the major oceanographic features along the cruise path (Fig. n+2).  Higher pigment values (max Chl a = 0.512 mg m-3) were measured in the Southern Ocean portion of the campaign. Higher pigment values were found at the Antarctic Convergence Zone, which along the P16S campaign was found approximately at 50° S (Fig. n+2).  The northern reaches of the P16S line occupied portions of South Pacific Gyre characterized by low surface chlorophyll concentrations. During this campaign we were able to collect samples for pigment, and other biogeochemical parameters, at a higher vertical resolution (Fig. n+2) than it is typically acquired for ocean color validation purposes. This enhanced resolution will allow for better estimation of bio-optical parameters relevant to satellite validation.Fig. n+2.  Concentration of chlorophyll a on samples collected during the 2014 P16S CLIVAR oceanographic campaign. Upper panel shows values for surface samples only. Lower panel shows concentrations for all samples collected.




[image: ]The CDOM absorption scans conducted on board during the cruise have been preliminarily processed. Overall, the P16S campaign occupied low CDOM waters throughout, with ag values in the visible part of the spectrum well below 0.1 m-1 for all samples scanned (Fig. n+3a).  The spatial distribution showed a pattern similar to that for chlorophyll a, with high absorption values in the Southern Ocean decreasing considerably towards the South Pacific Gyre (Fig. N+3b). Fig. N+3: A. CDOM absorption, ag, for all samples from 300-700 nm, and B. at 360 nm for all surface samples collected during the P16S campaign.
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Table 1. Biogeochemical samples collected during the
P16S campaign by the NASA team.
	Parameter
	Number of samples
collected

	HPLC Pigments
	261

	ap
	187

	POC
	357

	ag
	143

	DOC
	513

	Phytoplankton abundance, taxonomy
	176

	Total
	1637

















Table 2. Inherent optical properties (IOPs) instrument casts during the P16S CLIVAR campaign.

	Date UTC, yyymmdd
	Beg time, UTC
	end time, UTC
	Station
	Latitude, dec. deg.
	Longitude, dec. deg.
	Depth, m
	Sky Conditions, %
	Wind speed, m/s
	Wind direction, deg.

	20140326
	7:05:03
	7:14:59
	1
	-60.0013833
	174.00135
	4514
	dark
	15
	300

	20140326
	7:42:55
	8:18:29
	1
	-60.0013833
	174.00135
	4514
	dark
	15
	300

	20140328
	3:52:14
	4:24:03
	2
	-63.4997833
	-176.000166
	3275
	100
	17
	105

	20140330
	6:53:04
	7:27:20
	3
	-65.6917666
	-161.894633
	4096
	dark
	14
	260

	20140331
	0:31:30
	1:04:37
	4
	-66.4994166
	-155.999933
	4056
	100
	7
	160

	20140331
	20:52:11
	21:25:10
	5
	-67.0002833
	-149.998583
	4021
	100
	5
	200

	20140401
	23:06:19
	23:39:09
	8
	-65.48895
	-150.019783
	3275
	100
	9
	320

	20140403
	7:43:44
	8:13:41
	11
	-63.9984166
	-150.000233
	3268
	dark
	20
	260

	20140406
	20:14:59
	20:46:14
	16
	-58.9981833
	-149.999583
	2700
	100
	17
	300

	20140407
	3:46:26
	4:18:33
	17
	-60
	-149.9996
	2743
	100
	15
	290

	20140407
	22:00:18
	22:33:25
	19
	-61.00005
	-150.000083
	3200
	100
	11
	300

	20140409
	4:24:22
	4:44:14
	22
	-57.5001333
	-149.998633
	3364
	dark
	16
	295

	20140410
	3:54:17
	4:25:23
	25
	-55.9997666
	-149.999366
	3416
	dark
	16
	273

	20140411
	7:56:28
	8:27:08
	27
	-54.9995
	-150.000916
	3768
	dark
	10
	220

	20140411
	8:40:07
	9:09:31
	27
	-54.99955
	-150.000916
	3768
	dark
	10
	220

	20140411
	22:26:07
	22:58:46
	29
	-54.0067333
	-149.999333
	3255
	100
	10
	295

	20140412
	21:11:42
	21:45:46
	32
	-52.4994166
	-149.998733
	4661
	100
	14
	330

	20140413
	22:57:00
	23:30:11
	35
	-51.0005333
	-150.000416
	4951
	100
	14
	110

	20140414
	9:47:42
	10:20:42
	37
	-50.00121
	-150.000198
	4257
	dark
	10
	41

	20140414
	21:25:05
	21:48:38
	38
	-49.5000666
	-150.000083
	4177
	100
	8
	335

	20140415
	20:18:22
	20:45:39
	40
	-48.3336333
	-149.999966
	4865
	100
	13
	310

	20140416
	23:55:33
	0:25:27
	43
	-46.336345
	-149.99083
	5229
	30
	10
	290

	20140417
	22:34:12
	23:04:50
	45
	-44.99985
	-150.000833
	5310
	60
	17
	212

	20140418
	22:44:23
	23:13:46
	48
	-42.9957
	-149.997866
	5194
	100
	4
	198

	20140420
	1:25:16
	1:54:39
	51
	-41.0031
	-149.999733
	5622
	90
	5
	64

	20140420
	23:09:36
	23:37:35
	53
	-39.6671666
	-149.9999
	5269
	100
	15
	80

	20140422
	5:04:07
	5:34:03
	56
	-37.666615
	-149.999893
	5636
	dark
	15
	80

	20140423
	1:16:55
	1:48:57
	58
	-36.3290666
	-149.992683
	5855
	70
	10
	263

	20140423
	22:59:56
	23:27:24
	60
	-35.0000333
	-150
	5279
	20
	8
	270

	20140424
	20:19:04
	20:44:46
	63
	-33.0003833
	-149.999916
	5458
	100
	10.5
	14

	20140425
	0:40:05
	1:07:45
	66
	-31.0000333
	-149.999366
	4259
	50
	12
	12

	20140426
	21:52:34
	22:20:15
	68
	-29.6662166
	-150.000566
	4223
	30
	13
	220

	20140427
	22:50:34
	23:18:08
	71
	-27.6670833
	-149.999633
	4398
	100
	6
	167

	20140428
	19:51:43
	20:15:37
	74
	-25.6668
	-150
	4516
	50
	9
	181

	20140429
	20:49:46
	21:15:59
	77
	-23.66645
	-149.9999
	4737
	40
	11
	157

	20140430
	21:52:21
	22:20:43
	80
	-21.666683
	-150.000166
	4691
	30
	10
	160

	20140501
	21:38:14
	22:03:40
	83
	-19.6666333
	-149.999833
	3974
	30
	6
	130

	20140502
	21:51:11
	22:00:08
	86
	-17.6668666
	-150.000066
	5632
	30
	3
	97

	20140502
	22:08:12
	22:35:20
	86
	-17.6668666
	-150.000066
	5632
	30
	3
	97

	20140503
	22:20:13
	22:47:10
	89
	-15.666
	-150.0082
	4064
	50
	8
	105




Table 3. Apparent optical properties (AOPs) casts during the P16S CLIVAR campaign.

	Date UTC, yyymmdd
	Beg time, UTC
	end time, UTC
	Station
	Latitude, dec. deg.
	Longitude, dec. deg.
	Depth, m
	Sky Conditions, %
	Wind speed, m/s
	Wind direction, deg.

	20140331
	1:12:33
	1:26:30
	4
	-66.4994
	-155.9999
	4056
	100
	7
	160

	20140331
	21:49:37
	22:02:07
	5
	-67.0002
	-149.99858
	4021
	100
	5
	200

	20140401
	22:39:16
	22:51:52
	8
	-65.4875
	-150.02902
	3275
	100
	9
	320

	20140411
	23:07:33
	23:19:52
	29
	-54.0064
	-149.9104
	3255
	100
	10
	290

	20140416
	23:24:54
	23:37:43
	43
	-46.336345
	-149.9908
	5229
	30
	10
	290

	20140418
	22:14:10
	22:26:34
	48
	-42.99955
	-149.9997
	5194
	100
	4
	194

	20140420
	1:01:14
	1:15:03
	51
	-41.0022
	-149.999725
	5622
	90
	5
	64

	20140423
	0:46:18
	1:01:46
	58
	-36.33223
	-149.998183
	5910
	90
	10
	270

	20140423
	23:39:22
	23:54:47
	60
	-34.999633
	-149.998266
	5248
	20
	8
	262

	20140424
	20:57:20
	21:02:47
	63
	-33.0035
	-149.9998
	5750
	100
	10
	10

	20140424
	21:15:38
	21:24:44
	63
	-33.0035
	-149.9998
	5750
	100
	10
	10

	20140427
	23:27:15
	23:40:16
	71
	-27.666183
	-149.99923
	4423
	90
	5
	200

	20140427
	23:41:01
	23:49:47
	71
	-27.66618
	-149.9992
	4423
	90
	5
	200

	20140428
	23:52:35
	23:57:21
	74
	-25.6667
	-150.0001
	4527
	60
	10
	180

	20140429
	21:24:46
	21:46:43
	77
	-23.666483
	-149.9999
	4737
	60
	11
	157

	20140430
	22:28:07
	22:40:16
	80
	-21.66668
	-150.0003
	4690
	30
	12
	155

	20140501
	22:41:33
	22:46:14
	83
	-19.664906
	-149.99989
	3991
	30
	5
	125

	20140501
	22:49:37
	22:52:52
	83
	-19.66490
	-149.99989
	3991
	30
	5
	125

	20140501
	22:59:46
	23:03:47
	83
	-19.664906
	-149.99989
	3991
	30
	5
	125

	20140501
	23:05:20
	23:08:14
	83
	-19.664906
	-149.9998
	3991
	30
	5
	125

	20140503
	21:51:52
	21:54:05
	89
	-15.6663
	-150.0017
	4217
	50
	8
	120

	20140503
	22:00:13
	22:04:35
	89
	-15.666366
	-150.0017
	4217
	50
	8
	120

	20140503
	22:04:00
	22:06:23
	89
	-15.6663666
	-150.0017
	4217
	50
	8
	120
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