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Leads — Ocean Color EDR Team & Cal/Val Team

OC products, algorithms, SDR, EDR, Cal/Val, vicarious
cal., refinements, data processing, reprocessing,
algorithm improvements, software updates, data
validations and analyses

Look Up Tables — SDR-EDR impacts, vicarious calibration
Satellite matchup tool (SAVANT) — Golden Regions
Cruise participation and support

WAVE_CIS (AERONET-OC site) operation

Traceability, AERONET Uncertainty
Ocean color validation, Cruise data matchup West Coast
Eureka (AERONET Site)

LISCO (AERONET site)
Cruise data and matchup

NOAA data continuity

Marine Optical Buoy (MOBY)

Ocean color IOP data validation and evaluation
Ocean color optics matchup

Working with: NOAA CoastWatch, VIIRS SDR team, DPA/DPE (R. Williamson, Neal Baker), Raytheon, NOAA OC Working Group,
NOAA various line-office reps, NOAA NCEI, NOAA OCPOP, NASA, etc.

Collaborators: D. Antoine (BOUSSOLE), B. Holben (NASA-GSFC), G. Zibordi (JRC-Italy), R. Frouin (for PAR), and many others’



S Spectral Bands for Ocean Color

VIIRS (Visible Infrared Imaging Radiometer Suite) on
Suomi National Polar-orbiting Partnership (SNPP)

2021, and J3 & J4 (up to ~2038)

VIIRS-SNPP, Oct. 28, 2011, VIIRS-Joint Polar Satellite System (JPSS) J1, 2017, VIIR-J2,

VIIRS' MODIS SeaWiFS
Ocean Bands  Other Bands | Ocean Bands  Other Bands | Ocean Band

(nm) (nm) (nm) (nm) (nm)
410 (M1) 638 (I1) 412 645 412
443 (M2) 862 (12) 443 859 443
486 (M3) 1600 (I3) 488 469 490
— 531 555 510
551 (M4) SWIR Bands 551 SWIR Bands 555
671 (M5) 1238 (M8) 667 1240 670
745 (M6) 1601 (M10) 748 1640 765
862 (M7) 2257 (M11) 869 2130 865

TVIIRS-SNPP nominal center wavelength

Spatial resolution for VIIRS M-band: 750 m, I-band: 375 m
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enter Wavelength for VIIRS
SNPP & JPSS-1

VIIRS Nominal Center Wavelength (nm)

Band SNPP JPSS-1
M1 410 411
M2 443 445
M3 486 489
M4 551 556
M5 671 667
M6 745 746
M7 862 868

11 642 638

12 862 867



— VIHRS M1-M7 and the SWIR M8, M10, and M11 bands SDR data
— Terrain-corrected geo-location file
— Ancillary meteorology and ozone data

e Operational (Standard) Products (8):

— Normalized water-leaving radiance (nLy’s) at VIIRS visible bands M1-M5

— Chlorophyll-a (Chl-a) concentration

— Diffuse attenuation coefficient for the downwelling spectral irradiance at the wavelength
of 490 nm, K4(490)

— Diffuse attenuation coefficient of the downwelling photosynthetically available radiation
(PAR), K4(PAR)

— Level-2 quality flags

o EXxperimental Products:

— Inherent Optical Properties (I0P-a, IOP-apn, |OP-aq4qg, IOP-bp, IOP-byp) at VIIRS M2 or
other visible bands (M1-M5) from the Quasi-Analytical Algorithm (QAA) (Lee et al.,
2002)

— Photosynthetically Available Radiation (PAR) (R. Frouin)

— Chl-a from ocean color index (OCI) method (Hu et al., 2012; Wang and Son, 2016)

— Others from users requests

» Data quality of ocean color EDR are extremely sensitive to the SDR
quality. It requires ~0.1%0 data accuracy (degradation, band-to-band
accuracy...)!




ulti-Sensor Level-1 to Level-2 (MSL12)
Ocean Color Data Processing System

> NOAA-MSL12 Ocean Color Data Processing
v NOAA-MSL12 is based on SeaDAS version 4.6.

v Some significant improvements: (1) the SWIR-based ocean color data
processing for coastal and inland waters, (2) improved Rayleigh and aerosol
LUTSs, (3) algorithms for detecting absorbing aerosols and turbid waters, (4) ice
detection algorithm, (5) improved straylight and cloud shadow algorithm, (5)
Improved NIR water reflectance correction algorithm, (6) new destriping
algorithm, and others.

» MSL12 for VIIRS Ocean Color Data Processing

v" Routine ocean color data processing (daily, 8-day, monthly) since VIIRS launch.

v" Routine global VIIRS ocean color data productions for the two data streams:
Near-Real-Time (NRT) and Science Quality ocean color data processing.

v" Coastal turbid and inland waters from other approaches, e.g., the SWIR
approach, results in the US east coastal, China’s east coastal, Lake Taihu, Lake
Okeechobee, Aral Sea, etc.



MSL 12 Ocean Color Algorithmes,
Improvements, and Updates

» Algorithms used in the ocean color EDR data processing:

— Atmospheric corrections:
e Gordon & Wang (1994) (and Wang et al. (2005)) for open ocean using the NIR
bands
» Wang (2007) and Wang and Shi (2007) using the SWIR bands
» The NIR reflectance correction algorithm using BMW (Jiang and Wang, 2014)
for costal/inland waters
— Operational chlorophyll-a: OC3V algorithm
— Kq(490) algorithm: Wang et al. (2009) algorithm
— Kq4(PAR) algorithm: Son and Wang (2015)
— Destriping algorithm: Mikelsons et al. (2014)
— Stray light/Cloud shadowing effects: Jiang and Wang (2013)

» Updates
— Polarization correction algorithm (errors are corrected)

» Experimental Products
— 10Ps: Quasi-Analytical Algorithm (QAA) (Lee et al., 2002)
— PAR: Frouin et al. (2003)

— Chlorophyll-a data from the OCI method: Hu et al. (2012) and implemented in VIIRS
using Wang and Son (2016)



NOAA Ocean Color Team has been developing/building the capability for the End-to-End satellite
ocean color data processing including:

— Level-0 (or Raw Data Records (RDR)) to Level-1B (or Sensor Data Records (SDR)).
— Level-1B (SDR) to ocean color Level-2 (Environmental Data Records (EDR).

— Level-2 to global Level-3 (routine daily, 8-day, monthly, and climatology data/images).
— Validation of satellite ocean color products (in situ data and data analysis capability).

Support of in situ data collections for VIIRS Cal/Val activities, e.g., MOBY, AERONET-OC sites,
NOAA dedicated cruises (2014, 2015, 2016, ....,)

On-orbit instrument calibration (solar and lunar) for ocean color data processing:

— J. Sun and M. Wang, “Visible Infrared Imaging Radiometer Suite solar diffuser calibration and its challenges using
solar diffuser stability monitor,” Appl. Opt., 53, 8571-8584, 2014.

— J. Sun and M. Wang, “On-orbit characterization of the VIIRS solar diffuser and solar diffuser screen,” Appl. Opt., 54,
236-252, 2015.

— J. Sun and M. Wang, “On-orbit calibration of Visible Infrared Imaging Radiometer Suite reflective solar bands and its
challengers using a solar diffuser,” Appl. Opt., 54, 7210-7223, 2015.

— J. Sun and M. Wang, “Radiometric calibration of the VIIRS reflective solar bands with robust characterizations and hybrid
calibration coefficients,” Appl. Opt., 54, 9331-9342, 2015.
On-orbit vicarious calibration using MOBY in situ data:
— Developed the NIR- and SWIR-based vicarious calibration approach with a unified gain set for OC data processing.

— M. Wang, W. Shi, L. Jiang, and K. Voss, “The NIR- and SWIR-based on-orbit vicarious calibrations for satellite ocean
color sensors,” Opt. Express (Submitted).

RDR (Level-0) to SDR (Level-1B) data processing (efficient RDR to SDR processing):

— Sun, J.,, M. Wang, L. Tan, and L. Jiang, “An efficient approach for VIIRS RDR to SDR data processing,” IEEE
Geosci. Remote Sens. Lett., 11, 2037-2041, 2014.

Ocean Color Data Analysis and Processing System (OCDAPS)—IDL-based VIIRS ocean color data
visualization and processing package

— Wang, X., X. Liu, L. Jiang, M. Wang, and J. Sun, “VIIRS ocean color data visualization and processing with IDL-
based NOAA-SeaDAS”, Proc. SPIE 9261, 8 Nov. 2014.



Report for the 2014 NOAA dedicated Cal/Val cruise has been published!
NOAA Technical Report NESDIS 146

DOI: 10. 7289/ V5 BRW 0L
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Dedicated VIIRS Cal/Val Cruise
NOAA Ship Nancy Foster
2-14 December 2015

* Water-Leaving Radiance - HyperPro, MicroPro, C-OPS,
GER, SBA, TRIOS, HyperSAS, ASD

* Aerosol Optical Depth - Microtops

 Chlorophyll - HPLC, Fluorometric, (in situ and extracted)
* Absorption - ACS, AC9, Spectrophotometric i :
« Backscatter - BB9, BB7, BB3, ECO Puck atione - d Academic

* Bi-directional radiance distribution - NURADS

* Phytoplankton Physiology - FRRF, FIRe, Alf-a US Agencies ,

e Carbon - POC and DOC water analysis; plus CDOM *NOAA/NESDIS/STAR (NOAA)
* Total Suspended Matter - Gravimetric *Naval Research Laboratory, Sten

Center (NRL)
*NASA/Goddard Space Flight Center (NASA
*National Institute of Standards and Technc
(NIST)
Universities
* City University of New York, Long Island;
CREST
* Lamont-Doherty Earth Observatory, Columbia
; University
: { ‘ | * University of Massachusetts, Boston
* : iversity of Miami
ARV . ‘ Eniversity of South Florida
: : - — ™ e University of Southern Mississippi
* Oregon State University




To meet requirements from All users (operational, research, modeling, etc.),
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Data Streams for VIIRS Ocean Color EDR

we proposed and have been routinely producing VIIRS global ocean color
products in two data streams:

 Near-Real-Time (NRT) Ocean Color Data Processing (12-24 hours):

Quick turn around with ~12-24 hours latency (operational)

Using standard IDPS operational SDR data

Ancillary data using the Global Forecast System (GFS) model

Data may not be completed due to various issues (SDR missing, computer, etc.)
Data will be processed in NOAA CoastWatch and OSPO

« Science Quality Ocean Color Data Processing (One-two weeks delay):

About one-two weeks delay

Reprocessed mission-long ocean color data and continue-forward data stream
Using improved SDR (based on IDPS SDR data) (science quality SDR)
Science quality (assimilated) NCEP ancillary data

Complete global coverage

May expand to more experimental products & test with improved algorithms
Ocean color EDR will be reprocessed (mission-long) about every two-three
years (or as needed, e.g., short-term data reprocessing, error fixing, etc.)
Data will be processed in NOAA/STAR and transferred to CoastWatch for
distributions



IIRS Mission-long Ocean Color Data
Reprocessing

We have successfully reprocessed VIIRS mission-long ocean color data products for the
Near-Real-Time data stream in summer 2015 and the Science Quality data stream just
recently (May 2016). Both data streams have been going forward routinely.

For the Science Quality data stream, VIIRS mission-long SDR has been reprocessed
using significantly improved on-orbit calibration (both solar and lunar approaches).

Both VIIRS ocean color data are available through CoastWatch. In particular, the ocean
color Science Quality data stream is now distributed through CoastWatch (will also be
distributed in NCEI) at: http://coastwatch.noaa.gov/cwn/cw_products ocLOM.html.

The reprocessed VIIRS mission-long Science Quality ocean color data have been
significantly improved, providing accurate and consistent ocean color data for science
research and applications. It shows the importance of the lunar data for calibration,
particularly in recent years (and forwarding).

In particular, significant improved VIIRS ocean color data over global high altitude
lakes, which is a very significant progress for remote sensing of inland water quality.

VIIRS chlorophyll-a, K4(490), nL,(443) and nL,,(551) data from global oligotrophic
waters for two data streams: Near-real-time data stream with IDPS SDR and the
recently reprocessed Science Quality data stream with the new OC-SDR. The same
MSL12 ocean color data processing system has been used for both data streams. We
also show some global images and quantitative comparisons with MOBY in situ data.
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Both data are reprocessed using the same MSL12!
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Log scale: 0.01 to 64 mg/m3

Generated using MSL12 for VIIRS mission-long ocean color data reprocessing

Wang, M., X. Liu, L. Tan, L. Jiang, S. Son, W. Shi, K. Rausch, and K. Voss, “Impacts of VIIRS SDR performance

on ocean color products,” J. Geophys. Res. Atmos., 118, 10,347-10,360, 2013.
http://dx.doi.org/10.1002/jgrd.50793



http://dx.doi.org/10.1002/jgrd.50793

Log scale: 0.01 to 2 m~! '

A Generated using MSL12 for VIIRS ocean color data processing

Wang, M., S. Son, and L. W. Harding Jr., “Retrieval of diffuse attenuation coefficient in the Chesapeake Bay and |
turbid ocean regions for satellite ocean color applications,” J. Geophys. Res., 114, C10011, 2009.
http://dx.doi.org/10.1002/2009JC005286



http://dx.doi.org/10.1002/2009JC005286

ology K;(490) Image
2012 to January 2016)
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Log scale: 0.01 to 2 m~!

Generated using MSL12 for VIIRS mission-long ocean color data reprocessing

Wang, M., S. Son, and L. W. Harding Jr., “Retrieval of diffuse attenuation coefficient in the Chesapeake Bay and
turbid ocean regions for satellite ocean color applications,” J. Geophys. Res., 114, C10011, 2009.
http://dx.doi.org/10.1002/2009JC005286
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Log scale: 0.01to 2 m™ :

Generated using MSL12 for VIIRS mission-long ocean color data reprocessing

Son, S. and M. Wang, “Diffuse attenuation coefficient of the photosynthetically available radiation Kd(PAR) for
global open ocean and coastal waters,” Remote Sens. Environ., 159, 250-258, 2015.
http://dx.doi.org/10.1016/j.rse.2014.12.011



http://dx.doi.org/10.1016/j.rse.2014.12.011

Matchup of
VIIRS-MSL12
&

MOBY In Situ
(2016-05-05)
Science Quality Data

MOBY

Marine Optical Buoy
(MOBY) --- In situ
hyperspectral
radiometric data
measured at water off the
Island of Lanal In
Hawalil.

MOBY {gaing_NIR) No: 509
4

|
- nlw_410 '
A
o |
=
2 2|
g
=
1
ANVG: 10164
0 b STD: 0.0356
& 2 3
[n Situ nLw(410)
R SSMMMBEMMMPNMM—. . ...
[ nbw_486
25
[T [
o 1
= !
= 20|
= [
N 1.5
E :
. |
w 1.I:|E
~ 05|
b AVG: 1.0110
0oL STD: 0.0846 |

0.0 0.5 1.0 1.3 2.0 2.5 3.0
In Bitu nLw(486)

Mo: 505
0.207 1
nLw_671
= 015
=,
F3
o .10
7]
=
A 0.05 ,
- AVG: 1.1762
STD: 0.5383
0.00 . 1
0.00 0.05 0.10 0.15 0.20

[n Situ nLw(871)

Mo 509
4 |
nLw_443
% a
E
IE
Moz
73]
=
oo
jad
= !
AVG: 1.0083 |
0 ST 00888
0 1 2 H! 4
n Situ nlw{443}
R Mo: 508
Lor &
nLw_551
- 0.4
ua
CEd
=
= 0.6
oF
= 0.4
gi
= 0.2
AVGE:D 1.0148
. ST 01338
0.0 L J

0.0 0.2 0.4 0.6 0.8 1.0
In Situ nlw{551)

Mo 509
1.00F A
CHL '
5
-
@ D10
—_—
42|
AVG: 10141
: 0647
001 L M | $T|:| uﬂ.l
0.01 .10 1.00

MOBY —derived CHL



Statistics of VIIRS Data vs. In Situ (MOBY)
(2012-01-01 to 2016-04-27)

IDPS-SDR MSL12 (ver. 1.10)
(Near-Real-Time Data)

OC-SDR MSL12 (ver. 1.10)
(Science Quality Data)

AVG MED STD No AVG MED STD No

nL,(410) 1.0083 1.0065 0.0961 463 1.0164 1.0157 0.0956 509
nL,(443) 1.0191 1.0005 0.1733 475 1.0083 1.0062  0.0899 509
nL,,(486) 1.0258 0.9991 0.1861 475 1.0110 1.0103 0.0846 509
nL,(551) 1.0604 0.9809 0.4910 475 1.0148 1.0004 0.1338 509
nL,(671) 1.3366 1.0059 2.1345 487 1.1762 1.1053  0.5393 505
Chl-a 1.0508 0.9764 0.4254 468 1.0141 1.0041  0.1647 509
K4(490) 1.0135 0.9826 0.2437 471 0.9842 0.9760  0.1007 505

NIR Gain 8 = [0.979954, 0.974892, 0.974685, 0.965832, 0.979042, 0.982065, 1.00000, 1.01812, 0.994676, 1.20252]

MOBY
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Website: http://www.star.nesdis.noaa.gov/sod/mech/color/
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»Ocean Color Team Home

MVIRS Ocean Color Images >>

WVIIRS Ocean Color Viewer
& Launch OCView
« About OCView

» Calibration / Validation

1 Team Publications
* Peer-reviewed Journals
« Conference Proceedings
« Dther Publications

» Software Download
»News & Highlights
»Useful Links

Binternal Access

Data and images displayed on
STAR sites are provided for

experimental use only and are
not official operational NOAA
products. More information==
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»Ocean Color Team Home
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Notes:

1. VIRS Near-rea-ime (NRT) products are produced from original IDPS SDR and ancillary data from the Global Forecast System (GFS) model.
VIIRS Science-Quality (SCI) products are produced from recalibrated Ocean Color SDR (OC-SDR) and science quality (reanalysis) ancillary data.

2. VIIRS NRT products before Feb.§, 2012 are not reliable or usable due to VIIRS instrument calibration error in IDPS SDR.

3. The YIRS nominal center wavelengths (different from the specification) are as follows (units in nmj:
W1:410, M2:443, M3:486, M4:551, M5:671, MET45, M7:862, MB:1238, M10:1610, M11:2250

4. The details on VIIRS MSL12-NIR water reflectance correction algorithm (BWMW) can be found in Jiang and Wang (2014) 0.
5. VIIRS MSL12-SWIR uses M8 and M10 as the two atmospheric correction bands as described in Wang etal. (2007) 0.
6. The VIIRS K,(490) data are derived using \Wana ef al (2009) O algorithm.

7. The VIRS K,(PAR) data are derived using Son and Wang (2015} & algarithm.

8. VIIRS chlorophyll-a, K;{490), K,(PAR) and nL,, products are post-processed to remove striping as described in Mikelsons ef al. (2014) @', The destriping
software can be downloaded here

9. Evaluation Products: The VIIRS PAR algorithm was provided by Robert Frouin and implemented in MSL12 by STAR Ocean Color Research Team.
The WIIRS IOP products are derived using the Quasi-Analytical Algorithm (QAA) from Lee etal. (2002) 0

®in Situ-q1

-lnmu—iz ; ., nn e “.mw’”‘v’ﬁ{(‘(f‘f‘ ;

nLw(10)
e - m ow s o
=

Lualpadin

Routinely producing VIIRS global ocean color products (daily, 8-day, monthly,

climatology) using the MSL12 with the NIR, SWIR, and NIR-SWIR atmospheric
correction algorithms.



Significantly Improved Water Property Data Over High Altitude Lakes (1)
High Altitude Lake Vicatoria (1133 m) and Lake Tanganyike (773 m)

Chi-a K (490) nl, (410)

New Data Reprocessing

Chl-a nl, (443)

;ﬁata

Previous Data

VIIRS mission-long ocean color data have been successfully reprocessed using improved MSL12. VIIRS
ocean color data over open oceans and coastal/inland waters have been significantly improved, in
particular, over high altitude lakes. This is a significant progress for remote sensing of inland water quality.

Lake Victoria---Fresh water (South Africa, Area: 68,800 km?, Ave. depth: 40 m)




VIIRS Climatology Images (Jan. 2012—May 2016)
VIIRS Chl-a VIIRS K(490)

Color scales: Chl-a (1~64.0 mg m=3) & K,(490) (0.3~2.0 m™1) in log-scale

5 % 5 Median Filter Lake Victoria




VIIRS Climatology Images (Jan. 2012-May 2016)

Victoria

Color scales (linear-scale):
nL,(410): 0~ 1.0
nL,(443):0~ 1.2
nL,(486): 0 ~ 1.5
nL,(551): 0~ 2.0
nL,(671):0~0.5

Unit: mW cm=2 [m-1sr?

5 x5 Median Filter



Significantly Improved Water Property Data Over High Altitude Lakes (2)
High Altitude Lake Tahoe (1,897 m) and Pyramid Lake (1,157 m)

New Data Reprocessing

L, (443)

(d)

K {490) nL (410} (c)

(a) (b)

Previous Data

No data

(e) K A490) (f) nl, (410} (g) nl, (443) (h)

Lake Tahoe---Fresh water (California/Nevada, Area: 490 km?, Ave. depth: 300 m)

Pyramid Lake---1/6 salinity (Nevada, Area: 490 km?, Max. depth: 109 m)



Significantly Improved Water Property Data Over High Altitude Lakes (3)
High Altitude Lake Qinghai (3,205 m) and Lake Nam Co (4,718 m)

Chi-a , K A490) nl, (410)
. ¥
(a) (b) (c)
nl, (443) nL. (486) nL, (351)
| L] LY :\1
S
w &
(d) fa) [ ¥ (f)

Lake Qinghai---Saline lake (Qinghai, China, Area: 4489 km?, Ave. depth: 21 m)
Lake Nam Co---Saline lake (Tibetan, China, Area: 1920 km?, Ave. depth: 33 m)

Wang, M., “Rayleigh radiance computations for satellite remote sensing: Accounting for the effect of sensor
spectral response function,” Opt. Express, 24, 12414-12429, 2016. http://dx.doi.org/10.1364/0E.24.012414.



http://dx.doi.org/10.1364/OE.24.012414

2 VIIRS (OC-SDR) Climatology Images (2012-2015)
K4(490) (0.03-8.0 m? in log scale) US East Coast \
NIR ) SWIR ) NIR-SWIR
— . i — . i = i
} } cp } 7




K4(490) (0.03~8.0 m in log scale)

China East Coast




nL,(551) (0.0~5.0 mW/cm? um sr in linear scale)

China East Coast




) Climatology Images (2012-2015)

SWIR NIR-SWIR

CHg Y

The NIR normalized
water-leaving
radiance contribution | ' &
in highly turbid o B
coastal regions.

China East Coast

nL,(862) (0.0~2.0 mW/cm? um sr in linear scale)



O VIIRS Climatology (2012-2015) using the NIR-SWIR Approach
! La Plata
~ Chia T K490
) gt %} a§90) e W
| log: 0.1-16 log: 0.03-8




Conclusions

We have completed VIIRS mission-long science quality ocean color data reprocessing
(including SDR and EDR), and the data stream is now going forward. Two data streams
have been routinely produced: near-real-time and science gquality ocean color data.

We have developed VIIRS instrument calibration capability, and with new calibration LUTSs,
VIIRS ocean color products are significantly improved.

VIIRS ocean color products have been significantly improved (over global high altitude
lakes) after the implementation of some important updates, new algorithms, and with
vicarious calibrations using MOBY data.

In general, VIIRS normalize water-leaving radiance spectra show reasonable agreements
with in situ measurements at MOBY, AERONET-OC sites, and various other ocean regions.

The new NIR ocean reflectance correction algorithm (BMW) improves ocean color data
over coastal and inland waters.

VIIRS global ocean color products have been routinely produced using the NIR, SWIR, and
NIR-SWIR atmospheric correction algorithms, providing necessary satellite data for various
applications in coastal and inland waters, as well as for further improving data quality.

Our evaluation results show that VIIRS-SNPP is now capable of providing high quality
global ocean color products in support of science research and operational applications.

Have been/will be working on VIIRS-JPSS-1, OLCI-Sentinel-3, GOCI, SGLI-GCOM-C.
VIIRS Images and Cal/Val:
http://www.star.nesdis.noaa.gov/sod/mecb/color/

VIIRS Ocean Color Data:
http://coastwatch.noaa.gov/cwn/cw products ocLOM.html



http://www.star.nesdis.noaa.gov/sod/mecb/color/
http://coastwatch.noaa.gov/cwn/cw_products_ocLOM.html

VIIRS SDR Calibration for Improvement of Ocean
Color Products

Jungiang Sunt? and Menghua Wang?

INOAA/NESDIS Center for Satellite Applications and Research
E/RAS3, 5830 University Research Ct., College Park, MD 20740, USA
Global Science and Technology, 7855 Walker Drive, Maryland, USA

8/10/2016 9:00-9:15 AM

Star JPSS 2016 Annual 8-12 August 2016, College Park, Maryland
Science Team Meeting




Key Points

Ocean color products are highly sensitive to details in processing
algorithms and SDR calibration.

VIIRS RSB uncertainty specification is 2%; For ocean color EDR
products, the ocean bands (M1-M7) are required to be calibrated with
an uncertainty of ~0.1-0.3%.

We recently discovered the “Solar diffuser (SD) degradation
nonuniformity”, which result in long-term bias in calibration,
especially for short wavelength bands

A hybrid approach properly combining the SD and lunar calibration
coefficients restores the accuracy of the calibration coefficients from
the non-uniformity issue and other various effects:

— Lunar calibration provides long-term baseline

— SD calibration provides smoothness and frequency
Every component must itself be accurately characterized!

— SDSM calibration/SD calibration; Lunar calibration; Hybrid approach
Challenges and potential issues



Solar Hlumination and Sweet Spot

Illumination of SD and SDSM Aperture Solar angles
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Prelaunch BRFs of the SD and the
VFs of SD and SDSM Screens

Sunlight e SD and SDSM sun view screens:
l l 1 i 1 1 1 = Prevent RSB and SDSM
SV Screen .
I~ saturation

SD Screen = Vignetting functions (VFs)
= VFs measured prelaunch
and validated by yaw
measurements
« SD bidirectional reflectance
factors (BRFs)
 BRFs measured prelaunch
and validated by yaw

The author carefully made yaw planning in 2012 measurements
with NASA colleagues for on-orbit validation of = SD on-orbit degradation is
BRDF and VF. tracked by the SDSM
We have carefully re-derived BRFs and VFs from measurements at 8
the yaw measurements (removes seasonal wavelength from 412 nm to
variation artifacts and noises) 935 nm
J. Sun and X. Xiong, "Solar and lunar observation J. Sun and M. Wang, “On-orbit characterization of
planning for Earth-observing sensor", Proc. SPIE, the VIIRS solar diffuser and solar diffuser screen,"

8176, 817610, (2011). Appl. Opt., 54, 236 -252(2015). ,
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SDSM Calibration Algorithm

mgw oF C
[ J

SDSM is a ratio radiometer, which views SD, Sun, and an
internal dark scene successively in three-scan cycles.

SD BRF for SDSM view direction
BRFSD,SDSM (A) = £sp,spsm (A)H (1)

" pspspsm(M): Prelaunch BRF for SDSM view direction
= H(A) is solar diffuser degradation since launch

SD degradation, H factors, for SDSM view direction at the
wavelength of the SDSM detector D

H(4p) = < dCsp > <dcsv,D >
Psp,sosm (Ao ) Tsps COS(Osp) Sean Tsvs [ sean

Improvements

= Carefully re-derived the VFs and BRFs from yaw
measurements

= Ratio of the averages (different from ATBD!)

= Sweet spots selection

SDSM operations: Every orbit
first few months, then once
per day for about two years,
and once per two days since
May, 2014.

J. Sun and M. Wang, “Visible
infrared image radiometer suite
solar diffuser calibration and its
challenges using solar diffuser
stability monitor,” Appl. Opt., 53,
8571-8584 (2014).



SDSM Calibration Results

Sun view response trending SD view response trending

r-—————Fr—+—+—r—fr+—+—+—fr """+ "1 T 7 . . e
C 3] 100 4
1.0 - B = 3
F ] E E ]
F ] & I .
= 3 & C v
= C . 8 L ]
& o9 - o oo =
s C 4 7] C ]
172} C . 2 E ]
8 [ 3 & L 3
£ ] s E |
g F ] 8 F R ok ]
‘® 0.8 3 = 08 etk -
E C ] 2 C 1
z t 3 @ F 3
F . 8 ]
0.7~ D2 « D3 - E 07— 3
F + D7 = D8 b S E e DI x D2 * D3 ]
F 3 F v D5 + D7 = D8 B
| n n n 1 n n n 1 n n n 1 n n n 1 n n n 1 n n n 1 n n | C 7
1] 200 400 600 800 1000 1200 1 n n n 1 n n n 1 n n n 1 n n n 1 n n n 1 n n n 1 n n
Days Since Launch 0 200 400 600 800 1000 1200
Days Since Launch
- T S e S S e 1
1.0 1.00 -
E 0.95F -
09— 0.90 } {
s L 5 E .
5 L B L i
iid L £ o085 3
T F = C ]
08— £ ]
C 0.80 —
F 0.75 -
07: e DI+ D2 % D3 r e 1/1/2012  x 7/1/2012 % 1/1/2013 ]
B D! + D7 C v 1/1/2014 ]
FooT D 070 -
F N [ [ [ [ - ]
2012 2013 2014 2015 2016 400 500 600 700 800 900
Year Whvalength (nm)

Unexpected but real degradation (Nov., 2014)
SDSM can accurately track the SD degradation for SDSM direction 6
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@ SD Calibration Algorithm
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» SD is made of Spectralon®, near Lambertian property

» Solar radinace reflected by the SD
Lsp (/1) = lgun (4) Tsps 'COS(HSD ) Psprrald)-h(A)/ d\fs

Prsp rra(A): Prelaunch BRF for RTA view direction
= h(A): SD degradation for SDSM view direction is used
as the SD degradation for the RTA direction

SD Calibration: Every orbit

» RSB calibration coefficients, F factors e Improvements

= Carefully re-derived the
VFs and BRFs from yaw
measurements

= |mproved H-factors
Sweet spot selection

* Time-dependent RSR

RVS, o - j RSRg (4,t)-Lp (4)-dA
>'c,(B,D,M,G)-dn’ -IRSRB(/I,t)-dl

F(B,D,M,G,t) =

= B, D, M, G: Band, Detector, HAM side, and gain status

J. Sun and M. Wang, “On-orbit calibration of Visible Infrared Imaging
Radiometer Suite reflective solar bands and its challenges using a solar,”
Appl. Opt., 54, 7210-7223 (2015).



SD Calibration Results

Band M1 HAM 1 HG F-factors Band Averaged HAM1 HG F-factors
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SD can accurately track the RSB gain change as long as SD degradation for the RTA
view can be approximated as that for the SDSM view. 3



* Moon is very stable in its reflectance

RSB calibration coefficients , F factors, from lunar
observations

g(B)N; v
> L,(B,D,S,N)S(M, M)’
D,S,N
— g(B): View geometric effect correction (ROLO lunar
model and extra correction to remove seasonal

F(B,M)=

» Advantages
= | unar surface
reflectance has no

oscillations) observable
degradation

SNPP VIIRS is scheduled to view the Moon = Can be used for inter-

approximately monthly (about nine months every year) comparison

J. Sun, X. Xiong, and J. Butler, ““NPP VIIRS on-orbit calibration and characterization using the moon”, Proc.
SPIE, 8510,851011, (2012).

X. Xiong, J. Sun, J. Fulbright, Z. Wang, and J. Butler, “Lunar Calibration and Performance for S-NPP VIIRS
reflective Solar Bands”, IEEE Trans. Geosci. Remote Sens., 54, 1052-1061, (2016).



Lunar Planning and Calibration Results

Roll maneuver Lunar image (M6 in April, 2012)

Required roll
maneuver

net i
- N

Lunar and SD F Factors « View geometry dependence
1-03§ cw v e *ee %  Planning is important starting point —
g : made lunar planning tool and planned
E lunar observations in early mission
.  However, the phase angle range change
e S from [-56°, -559] to [-50.5°, 51.59]
E « Size of the moon

W » Oversampling effect

0.99:‘“1 “““““ | Lo v v vy Lo 1:

s012 2013 2014 2015 2016 e Scans seeing full lunar image

Symbols: Moon
Lines: SD

1.02F

F Factor

J. Sun and X. Xiong, "Solar and lunar observation planning for Earth-observing sensor",
Proc. SPIE, 8176, 817610, (2011). 10



Hybrid Approach

o SD Calibration o Lunar Calibration
— SD degrades non-uniformly, — No degradation issue
resulting long-term drifts
— Results are stable and smooth
— Observation in every orbit

— Infrequent and no observation
in three months every year

 Hybrid Approach F-Factors Ratios are

fitted to quadratic

J(B,D,M,G)=R(B,t)-F(B,D,M,G) polynomials of time

R(B,t)=(f(B,M,t)) /(F(B,D,M,0,t))

D,t-15<t, <t+15,M

— Lunar calibration provides long-term baseline
— SD calibration provides smoothness and frequency

J. Sun and M. Wang, “Radiometric Calibration of the VIIRS Reflective Solar Bands with Robust
Characterizations and Hybrid Calibration Coefficients,”” Appl. Opt., 54, 9331-9342, 2015.

J. Sun and M. Wang, “VIIRS reflective solar bands calibration progress and its impact on ocean color

products, “Remote Sensing, 8, 194, (2016). 11
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Hybrid Calibration Coefficients

Calibration coefficients Ratios
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Improvements in SDR

VIRS M1 vs MODIS B8

Desert Sites M1

Ratio
Observed refl /BRDF

0960 X IDPS DO OC . : - 1% drift VIIRS M1 (SD-based calibration ba eIine)
0.90L ! | ! 1 L !
2012 2013 2014 2015 2016 0 200 400 600 800 1000 1200
Year Days Since 1-Jan-2012
VIRS M4 vs MODIS B4 A. Wu et al., “Assessment of SNPP VIIRS VIS/NIR
1020 T Radiometric Calibration Stability Using Aqua MODIS and

Invariant Surface Targets", IEEE TGRS, 54, 2918-2924, 2016.

1.00¢
9 098 3§ e Hybrid-method corrected M4 is clearly better
0% ¥ i : g « Uncorrected M1 desert trending shows 1%
094- 1} : j drift (NASA reprocessed VIIRS SDR with
092" | X IDPS T OC | ; SD-based calibration baseline)
2012 2013 2014 2015 2016 e Hybrid-method corrected M1 SDR removes
Year the 1% drift

Poster: ““Radiometric Comparison of the RSBs of i
the SNPP VIIRS and Aqua MODIS through sNo ~ * Aqua MODIS Band 8 has long-term drift

analysis” by M. Chu, J. Sun and M. Wang. 13



Improvements in Ocean Color Products

 VIIRS data were reprocessed using MSL12 s T e E
with SDR generated with updated hybrid 20/ .
calibration coefficients. val i

« NOAA ocean color products produced with = 7
the hybrid calibration coefficients have met ]
validated maturity in March 2015. e f

» Hybrid results agree with MOBY in situl! .

2012 2013 Ye23(314 2015 2016

(O T e B S B —
0.38? B Hybrid ¢ IDPS v Mob)j. 7; 0.14; ;
Hawail E Chl-a ]
L 0.1277 i
3 032 - gl 0-10} {
0.30[ - F 1
r 0.08 — —
028 - E E
0.26; an(551)7M4 7: 0.06? ] Hyb]n{ﬂWd!ijs |
T an e s e B T R VR ATy

Year

Red: VIIRS Hybrid; Blue: Moby in Situ

* J. Sun and M. Wang, “VIIRS Reflective Solar Bands On-Orbit Calibration and Performance: A Three-
Year Update,”” Proc. SPIE, 9264, 92640L (2014).
* M. Wang, et al, “Evaluation of VIIRS ocean color products,” Proc. SPIE 9261, 92610E (2014).

14
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Unexpected but real degradation (Nov., 2014)

* RVS may change on-orbit

— Agqua and Terra MODIS RVS have changed
more than 20% and 40%, respectively, at
small AOL.

J. Sun, X. Xiong, A. Angal, H. Chen, A. Wu, and X.
Geng, “Time dependent response versus scan angle
for MODIS reflective solar bands,” IEEE Trans.
Geosci. Remote Sens., 52, 3159-3174 (2014).

J. Sun and X. Xiong, “MODIS polarization sensitivity
analysis”, IEEE Trans. Geosci. Remote Sens., 45,
2875-2885 (2007).
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 Polarization sensitivity may change

FU1 Band HAM A
Q.030[F T T T
0.025F
E =
5 D0.020F \\
E PN
ar ™ ™
= D05 -
s L AN
- “m -
3 0.010 .\ ""-\._-_ — -— =
—
e ——
0.0 \m,_,____‘; ; e
— ————
[ P
0.000 L —= 37—, I L L 1
—-60 —40 —20 ¢} 20 40 60
Sean Ang

— Terra MODIS polarization sensitivity
changed dramatically on-orbit
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* RSB calibration is demanding, and especially so for the very
stringent ocean color product requirements. Every component must
be rigorously examined.

 Robust characterizations of essential calibration components have
been completed, achieving accurate reprocessed ocean color EDR
and becoming routine for forwarding science quality products

o “Solar diffuser degradation nonuniformity effect” will be a key iIssue
for all instruments such as VIIRS J1, VIIRS J2, etc., that use
SD/SDSM for reflective solar bands calibration - hybrid-method
mitigation will be vital.

 There will be more challenging and non-trivial problems when the
Instrument begins to age.

16
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VIIRS RSB Specification

Table 1. Specification for SNPP VIIRS RSBs and SDSM detectors.

VIIRS Band CW* (nm) Band Gain Detectors Resolution* | SDSD Detector CW* (nm)
M1 410 DG 16 742m x 776m D1 412
M2 443 DG 16 742m x 776m D2 450
M3 486 DG 16 742m x 776m D3 488
M4 551 DG 16 742m x 776m D4 555

11 640 SG 32 371m x 387m NA NA
M5 671 DG 16 742m x 776m D5 672
M6 745 SG 16 742m x 776m D6 746
M7 862 DG 16 742m x 776m D7 865

12 862 SG 32 371m x 387m D7 865
NA NA N 16 D8 935
M8 1238 SG 16 742m x 776m NA NA
M9 1378 SG 16 742m x 776m NA NA

M10 1610 SG 16 742m x 776m NA NA
13 1610 SG 32 371m x 387m NA NA
M11 2250 SG 16 742m x 776m NA NA

*CW: Center Wavelength; DG: Dual Gain; SG: Singla Gain; Resolution: Track x Scan at Nadir after aggregation

18



OCView - Online display and monitoring of ocean
color product imagery

Karlis Mikelsons
NOAA Ocean Color Science Team

STAR JPSS

2016 Annual Science Team Meeting
August 10, 2016




NOAA Ocean Color Science Team web page

star.nesdis.noaa.gov/socd/mecb/color/index.html
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VIIRS Ocean Color Viewer
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« Other Publications

Software Download
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Useful Links
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Launch Ocean Color
Viewer

Algae bloom near Falkland Islands on December 5, 2015
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OCView — Ocean Color Viewer
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OCView —regional view

browser link gets automatically updated, and can be used to share or restore the view
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Chl-a 8 day time average
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Chl-a monthly time average
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K4(490) climatology
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NIR and SWIR-Based On-Orbit Vicarious Calibrations for VIIRS Ocean Color Data Processing
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The NIR-Derived (M6, M7) Vicarious Calibration Gains g(NR)(2)
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The SWIR1-Derived (M8, M10) Vicarious Calibration Gains gSWIRD(2)
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The SWIR2-derived (M8, M11) Vicarious Calibration Gains gSWIR2)(2)
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Histograms of the NIR-, SWIR1-, and SWIR2- Derived Vicarious Gains
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VIIRS-SNPP NIR- and SWIR-based Vicarious Gains (May 2016)

VIIRS SWIR- and NIR-Based Vicarious Calibration Gains
VIIRS
i 0 1 0
Spectral NIR-derived SWIR1-derived | SWIR2-derived ?é%g;) [zgf/\il(R/;)
Band (NIR (SWIRY) (SWIR?2)
and (nm) | - giNIk(2) and STD gotRE) getrE) vs.NIR) | vs. NIR)
410 (M1) | 0.979954 0.0129 | 0.980344 0.0190 | 0.980820 (181 | 0.040 0.088
443 (M2) | 0.974892 0.0142 | 0.975344 0.0219 | 0.975609 (212 | 0.046 0.074
486 (M3) | 0974685 0.0131 | 0.975357 0.0246 | 0.975761 (o240 | 0.069 0.110
551 (M4) | 0965832 0.0100 | 0.965531 0.0299 | 0.965888 (0314 | -0.031 0.006
671 (M5) | 0979042 0.0064 | 0.979518 0.0356 | 0.978576 (0445 0.049 -0.048
745 (M6) | 0.982065 — 0.982065 0.0379 | 0.981811 (476 | 0.000 -0.026
862 (M7) | 1.00000 — 1.00001 0.0423 | 1.00000 0.0490 | 0.001 0.000
1238 (M8) _ — 1.01812 — 1.01812 — — —
1601 (M10) 0.994676 — — — — —
2257 (M11) — — | 1.20252 — — —

Gain differences from the NIR- and SWIR-based approaches are within ~0.05%!




Unified NIR- and SWIR-based Vicarious Gains (May 2016)

VIIRS VIIRS Unified Vicarious Gains
Spectral Band (nm) for the MSL12
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Comparison of Climatology of VIIRS NIR- and SWIR-based
Ocean Color Products

VIIRS NIR Ocean Color Product VIIRS SWIR Ocean Color Product




Comparison of Climatology of VIIRS NIR- and SWIR-based
Ocean Color Products

VIIRS NIR Ocean Color Products VIIRS SWIR Ocean Color Product




Comparison of VIIRS NIR- and SWIR-based Ocean Color Products in

Global Oligotrophic Water
VIIRS SWIR1 Ocean Color Products

VIIRS NIR Ocean Color Products
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Comparison of VIIRS NIR- and SWIR-based Ocean Color Products
In the US East Coast

VIIRS NIR Ocean Color Product VIIRS SWIR Ocean Color Product
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Summary

Vicarious calibrations with high accurate in situ observations (e.g., MOBY) are
indispensible for satellite ocean color data processing.

We developed a strategy to vicariously calibrate VIIRS-SNPP observations for
both the NIR- and SWIR-based ocean color data processing, including the
NIR-SWIR combined approach.

Vicarious calibration gains for VIIRS spectral bands are derived using the in-

situ normalized water-leaving radiance nL,,(A) spectra from the MOBY in the
waters off Hawail.

The NIR-based vicarious calibration gains are consistent with those from the
two SWIR-based approaches, with discrepancies mostly within ~0.05% from
three data processing methods.

A unified vicarious gain set for VIIRS bands M1-M8 and M10-M11, has been
Implemented in the VIIRS ocean color data processing for routine ocean color
production.

Using the unified vicarious gain set, VIIRS mission-long ocean color data have
been successfully reprocessed using the NIR, SWIR, and NIR-SWIR
approaches in May 2016. The science quality data streams have been going
forward since then.
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INTRODUCTION

concentrations are generally measured using empirical regressions of spectral
ratios of normalized water-leaving reflectances (or remote sensing reflectances).

Widely used Chl-a algorithm for the ocean color satellite sensors such as
SeaWIFS, MODIS, & VIIRS is based on the ocean chlorophyll-type (OCx)
(O’Reilly et al., 1998) (e.g., OC3V for VIIRS).

The band ratio-based Chl-a algorithm can have considerable noise errors for
oligotrophic waters (Hu et al., 2012). A new Chl-a algorithm based on the color
Index (CI) has been developed (Hu et al., 2012).

The Cl-based Chl-a algorithm can improve VIIRS Chl-a data over oligotrophic
waters with much reduced data noise from instrument calibration and the
Imperfect atmospheric correction.

However, the Cl-based Chl-a algorithm is only applicable for low Chl-a
concentration (< ~0.3 mg m-3). A merging method between Cl-based and OCx
Chl-a algorithms has been proposed based on Chl-a concentration.

All coefficient related to the Cl-based Chl-a algorithm need to be re-derived for
VIIRS spectral bands.

It is noticed that there are obvious discontinuities for VIIRS Chl-a data in the
Chl-a transition between the two algorithms.



OBJECTIVES

To Evaluate Performance of the original OCl-derived Chl-a products
from VIIRS measurements with comparison of the VIIRS OC3V-
derived Chl-a products for the global ocean.

To Improve the Cl-based Chl-a algorithm for VIIRS spectral bands and
to be overall consistent with the OC3V-derived Chl-a data.

To develop a new merging method for the two Chl-a algorithms between
Cl-based and OC3V algorithms.

To Implement the newly improved OCI-based Chl-a algorithm to the
VIIRS ocean color products.




MOBY In Situ Measurements

In situ hyperspectral radiometeric measurements at the MOBY site
moored off the island of Lanai in Hawaii (Clark et al., 1997) were used.

VIIRS spectral-band-weighted MOBY in situ normalized water-leaving
radiance, nL, (), data at 410, 443, 486, 551, and 671 nm are obtained
from the NOAA CoastWatch website (http://coastwatch.noaa.gov/moby/).

MOBY-derived Chl-a data using the Cl-based and OC3V-based Chl-a
algorithms were compared with VIIRS-derived Chl-a data to evaluate
performance of the Cl-based Chl-a algorithm.



Satellite Ocean Color Data

NOAA Multi-Sensor Level-1 to Level-2 (MSL12) ocean color data processing
system has been used for processing satellite ocean color data from Level-1B to
Level-2.

Science Quality VIIRS ocean color product data were generated using NOAA-
MSL12. VIIRS ocean color Environmental Data Records (EDR) (or Level-2) were
processed from the improved Sensor Data Records (SDR) (or Level-1B) (Sun &
Wang, 2015).

The VIIRS EDR data were derived using the NIR-SWIR combined atmospheric
correction algorithm.

VIIRS ocean color Level-3 data products for the global ocean were processed from
the VIIRS-derived Level-2 products with a spatial resolution of 9 km.

Matchups of VIIRS and in situ Chl-a data were developed using pixels witha 5 X 5
box centered at the location of in situ measurements following the procedure of
Wang et al. (2009).



OCx Based Chl-a Algorithm

= QOC3V Chl-aalgorithm for VIIRS
Chl-a = 10"a,+ta;'R +a,-R *+a; R 3+a,-R 4]
where R = Log,,{ Max[R(443),R(486)] / R(551) }

a = [0.2228,-2.4683,1.5867,-0.4275,-0.7768]



Color Index based Chl-a Algorithm

Color Index based Chl-a algorithm (Hu et al., 2012):
Cl= Rrs(555) - [Rrs(443)+(BZ'Bl)/(BS'Bl)(Rrs(67o)'Rrs(443)]

where B,=443, B,=555, B,=670

Chl, = 107[191.6590 - CI — 0.4909] (Cl < -0.0005 sr?)
Chlye, = Chli, (CHL(,<0.25 mg m)
Chlge, (CHL, > 0.30 mg m?3)
axChlye, + BXChl, (0.25 mg m23< CHL, <0.30 mg m=)

where o=(Chlg-0.25)/(0.3-0.25) and p=(0.3- Chl,)/(0.3-0.25)



VIIR-derived Chl-a data compared with those derived from the in situ MOBY data
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Density Scatter plot for VIIRS-derived Chl-a using OC3V and OCI Chl-a algorithms

Chl-a (OCl) (mg m-3)
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-. Global (binned) VIIRS Level-3 daily data on March 29, 2015
-. Only pixels with water depths > 1 km are used



Scatter plot for VIIRS-derived Chl-a with OC3V vs ClI values

17—
»  VIIRS Chl-a (OC3V)
Hu et al. (2012)
«l-r; --------- New Fit from VIIRS
(®)]
E
% 0.1 | -
3 -
Q
©
i
O
0.01 e, . L

-0.004 -0.002 0 0.002
Parameter ClI

-0.008  -0.006

-. All the data in the plot were extracted from the density plot that
requires density > 5000 pixels.



New OCI Chl-a Algorithm

= New OCI Chl-a algorithm for VIIRS ocean color data:
Cl= Rrs(551) - [Rrs(443)+(BZ'Bl)/(B3'Bl)(Rrs(671)'Rrs(443)]

where B,=443, B,=551, B,=671

Chly, =107[216.76 - Cl - 0.4093]

Chlge, = Chlocay (R=<2.0)
Chlocay (R>4.0)
WxChlg, + (1-W)XChlogay (2.0<R <4.0)

where R=R _(443)/R (551) & W=(R-2.0)/(4.0 — 2.0)



VIIRS-derived global Chl-a monthly composite images

OC3V July 2014

OC3V  October 2014 : October 2014
Chl-a (mg m-3)
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Density scatter plots of global VIIRS Level-3 monthly composite Chl-a images




Histogram (%)
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f@
Global images of Chl-a difference between new OCIl and OC3V Chl-a data é ;3

Chl-a Difference (mg m-3)
. s

-0.04 -0.02 0.0 0.02 0.04




VIIR-derived Chl-a data compared with those derived from the in situ MOBY data
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Conclusions

» An implementation approach using the ocean color index (OCI)-based
chlorophyll-a (Chl-a) algorithm for the VIIRS has been developed.

» The Cl-based Chl-a algorithm can improve VIIRS Chl-a data over oligotrophic
waters with much reduced data noise from instrument calibration and the
imperfect atmospheric correction.

» We developed Cl-based algorithm specifically for VIIRS and further improved
the two Chl-a algorithm merging method using the blue-green reflectance ratio
values.

» New OCI Chl-a algorithm for VIIRS can produce consistent Chl-a data
compared with those from the OC3V algorithm.

» In particular, the data transition between Cl-based and OC3V-based Chl-a
algorithms is quite smooth and there are no obvious discontinuities in VIIRS-
derived Chl-a data.

» New OCIl-based Chl-a algorithm has been implemented in the MSL12 for
routine production of VIIRS global Chl-a data.

» A paper has just been published:

Wang, M. and S. Son, “VIIRS-derived chlorophyll-a using the ocean color index method,”
Remote Sens. Environ., 182, 141-149, 2016.



Thank youl!



NOAA Okeanos Ocean Color System
Development Update in Support to
SNPP-VIIRS Products Processing

Dr. Banghua Yan

NOAA Ocean Color Operational Product Area Lead

NOAA/NESDIS/OSPO/SPSD/Satellite Products Branch

STAR JPSS Annual Science Team Meeting, 08/10/2016



OUTLINE

e Current Okeanos Ocean Color Operational

Production System (OPS)

 New Okeanos Ocean Color System

Development for VIIRS OC Products
 SNPP-VIIRS MSL12 OC Products Processing

Update from New Okeanos



OSPO Ocean Color Products Team

e |_ead: Banghua Yan and Antonio Irving

e Members:

—QOkeanos System Design and Maintenance: lan Simpson (primary),
Dan Jacob, and Edmond Rodriguez

— Okeanos System Building and Configuration: Okechukwu Nwosu
(primary), lan Simpson, Dewayne Countiss, Michael O Johnson, and
Ed Ladd

— Okeanos QA Monitoring Tool Development: Fengying Sun
(primary), Dan Jacob, XiaoChuan Huang, and Shen Zhao



Okeanos Ocean Color System Concept

* The Okeanos system is a flexible, expandable linux-based
system capable of processing multiple satellite streams of ocean
color products.

o CoastWatch Automatic Processing Software (CWAPS)

(developed by STAR CoastWatch team)

— File Ingest module

— CWAPS module

— Process Manager and Control Module
— Disk Space Control Module

— Merge Module

— Publication Module I (ftp distribution)

— Publication Module 11



Current Okeanos OPS: IT Architecture

NOAA-MODIS Data NCEP GFS Data Servet

Server
(inside ESPC)

-

Eos2_1

(outside ESPC)

=
= m]

tgftp.nws.noaa.gov

NSOF

Mar 2016 version

I Okeanos system server

Okeanos 4_0 (Interlm HW) [CJokeanos System boundary

SFTH

FTP

-
11115 99009,

Coastwatch West Coast

A

SFTP

4

Fim)
11115 29909,

CLASS

SFTP

vm-oc-stg

'

SCP,HTTP

Distribution Nodes

lHTTP

X4450 4
S

0O0S THREDDS Servejf Public

Coastwatch
web server

vm-cw2

vm-ftp-modis2

Access ftp

Xen VMs residing
on p-vh5 physical
machine

(Sun X4150)

DMZ

FTP

HTTP

GPFS I

XMLRPC
Manager, U[;date /Stage Noges - SSH ,
Node V, ] Xen VMs residing oS
ode
vm-oc-mgt on p-vh3 physical fs—> SAN Storage
machine
Noce Fee® _ (Sun X4150)

16 TB
- OPS processing
- OPS public ftp

- Web server

Processing Nodes (Dell R710)

physical machine
8 cores

physical machine
8 cores

physical machine
8 cores

physical machine
8 cores

TOTAL: 32 cores
TOTAL: 4 machines

INTERNAL OKEANOS

Y A

2

Users

EXTERNAL (some ESPC, some outside ESPC)




MODIS/Aqua Ocean Color Product
Processing Streams

Stream MODIS-SEADAS (OC, SST)
(GSFC I2gen)

@7@ Stream MODIS-CBAY (OC)
Level 0o (GSFC I2gen with CBAY OC3)

M ODIS . Level 1B
- | NOAA “bent pipe]’
Agua at GSFC

Stream MODIS-NIR-SWIR (OC)
(Courtesy of M. Wang)

Stream MODIS-BOA-SNRA (front)
(Courtesy of 1. Belkin)

(Courtesy of Phillip Keegstra)



Operational Ocean Color Products from
MODIS/Agua

d NOAA Okeanos Ocean Color Operational Products
= Satellites: Moderate Eesolution Imaging Spectroradiometer (RAODIS)
= Instruments: AQUA (Ponmary) and TERE.A (Backup)
# Product Specifications
= Products: daily merged chlorophyll concentration {Chl-a) and remote sensing reflectance (Brs667) ;
bi-monthly (monthly) mean Chl-a and Frs667; daily anomaly of Chl-a and Brs667; daily Chl-a fronts and K 490
= Format: GeoTiff, PING, NetCDF4
= Coverage: Mortheast (INE), Southeast (SE), Gulf of Mexico (GOM), Carnibbean {CB), West Coast (WC), Alaska
(AF), East Tropical Pacific (EF), Great Lakes (GL), Hawaii (HI), Equatorial Atlantic (EA). North Atlantic (INA)
and Pacific Basin {(PB), Chesapeake Bay (CY)
= Format: HDF 4.1, GeoTiff, PING, netCDE
= Horizontal Resolution- 1 km
= Timeliness: 12 hours
= Algorithms: NASA NIE (SCW), NOAA NIE-SWIE. (WCW),
and Chlorophyll Frontal Algonthms (BOA)
» Data Access: fip./'cw-okeanos noaa govpub/modisS

Z[c) Chesapeakese Bay Daily
Chiorophyll Concentration

Examples of products are shown in Figures 2(a) -(f).

g ]
2(d) New algal growth [Fositive )

Chilcrophyll Concentration
Arvermaly)

2({b) Bimonthly-mmean Chloropbyll
Concentraticm

2{g) Chilorophyll Front [Magnitude)


http://www.ospo.noaa.gov/Products/ocean/color/index.html

MODIS/Agua OC Product Coverage

Northeast

Equatorial Atlantic North Atlantic

=Ty = g s =

Great Lakes Chesapeake Bay
I I

West Coast Hawaii




Development of New Okeanos Parallel Test
System (PTS) and Operational Production
System (OPS)

In Support to SNPP-VIIRS Ocean Color
Products Processing



NEW
ESPC
ENV

OLD
ESPC
ENV

New Okeanos PTS In Support to SNPP-VIIRS
OC Products Processing: I'T Architecture

DMZ Prod Zone Dev Zone

oc-pts- oc-pts- oc-pts- oc-pts-
proc-01 proc-02 proc-03 proc-04

oc-pts
ftp-01 R (CONUS/Global)

NNNNNNNNNN One

~~~~~ oc-pts-

oc-pts- .. RIOQ---—---=3  Gluster tp
web-01 7 Storage 5t9°

"""""" 01/02

,,,,, R1O
oc-pts- 7 oc-pts-
thd-02 thd-01
oc-dev-

GPFS mgt-01
Storage
oc-dev-

stg-01



New Okeanos OPS in Support to SNPP-VIIRS
OC Products Processing: I'T Architecture

DMZ Prod Zone
NEW 0c-0ps- 0c-0ps- s 0C-0pS-
ESPC procOl proc02 procl8
ENV
oc-ops- oc- ops— , oc-ops-
fipo1 “~._ RO 4 Gluster Storage mgml mgto2
0C-0pS o SEES: 0C-0pS 0c-0ps
UPST L RIO - oy
b0 3 0C-0ps- qusterOl stgO1 —»> stg02
I}ilg’/ 0C-0ps- gluster04
0C-0pS- -~ 0c-ops-
tdsO1 tds02
VM
Physical

Storage



New OKEANOS Systems b o
Integrated into the ESPC Environment  \§%9/

ESPC Physical Operating Environment ESPC VMware Operating Environment
-1
10 CHOPS Processing N Okeanos Processor 5 Vmware HW Systems:
HW Systems Node HW Systems « Non-Okeanos applications
« For distributed batch tasks » New PTS: N= 4 processors » Okeanos applications: 8 VMs
» Jobs allocated via Tidal & Condor *New OPS: N= 18 processors « 2 Manager VM
scheduler

-
1

1

1

1

1

1

1

1

1 2 Update/Stage VM
1 « 1 ftp server VM

: « 1 web server VM

1 * 2 Thredds VMs

1

1

1

}

I

Benefits of New Okeanos

Low Cost : system development,
maintenance, integration, due to more than
eight years’ legacy resources in Okeanos

(o] Fast integration and migration: early
availability of NOAA ocean color NUPS

o] Easy adaptation to a different satellite
stream (e.g., J1/J2 VIIRS, and Sentinel-3)

(o] Reliable Product Assurance Monitoring Tool

4 CHOPS + 4 Okeanos

* NG OPS adds 4 nodes to CHOPS storage pool
* Not separate storage: allocated quota from the pool
* Increases overall CHOPS data storage throughput

ESPC Shared Data Storage
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SNPP VIIRS Operational
Ocean Color Products Category Briefing

 Global
— Chlorophyll (granule, daily merge per sector, 7-day rolling merge per
sector, and global 4km)
— K490 (granule, daily merge per sector, 7-day rolling merge per sector
and global 4km)
— Kd PAR (L2 Granule, daily merge per sector, 7-day rolling merge per
sector and global 4km)
— TOA True Color (L2 granule)
« CONUS (8 CONUS regions, 750 m resolution)
— Chlorophyll (granule, daily merge per CW region, and bimonthly mean
per CW region)
— Remote Sensing Reflectance (672 nm) (granule and daily merge per
CW region)
— TOA True Color (daily merge per CW region)
— Chlorophyll anomaly (granule and daily merge per CW region)
— Chlorophyll frontal products (granule and daily merge per CW region)



Upcoming Operational S-NPP Ocean Color NOAA Unique
Products: CONUS Products

Product Type and

Number
: Environmental
Product Deliver . : T
Date . v Observational Satellites | Sensors Comments
Tracking Name T e #
- Sl Formats: CWHDF, PNG, NetCDF4, GeoTiff
cean Color S- . ;
Fvi6 | NPP NUPS True Color . —— 31 Coverage areas: 8 CW Regions (CONUS)
Resolutions: 750 m
Distribution: Okeanos ftp/Thredds/CW Website
Chlorophyl-a
TG ) RN Y. 93 F ts: CWHDF, PNG, NetCDF4, GeoTiff
Algal Bloom Corma . 'éCWF’Q e’ C’ONeli)JSI
FY16 Ocean Color S- Products S-NPP VIIRS (3X8X4, overage areas: egions ( )
NPP NUPS ) . excluding Resolutions: 750 m
(Daily Merge, Daily New) Distribution: Okeanos ftp/Thredds/CW Website
Anomaly, 61-Day
Merge)
Formats: CWHDF, PNG, NetCDF4, GeoTiff
. T Coverage areas: 5 Sectors
cean Color S- . .
PG | e e Chlorophyll Frontal S-NPP VIIRS 19 (covering 9 CW regions)
Resolutions: 750 m
Distribution: Okeanos ftp/Thredds/CW Website
Formats: CWHDF, PNG, NetCDF4, GeoTiff
. K490 : [
— Ocean Color S-NPP v Ry— 31 Coverage areas: 8 CW Regions (CONUS)
NUPS (7-day Merge) Resolutions: 750 m
Distribution: Okeanos ftp/Thredds/CW Website
Formats: CWHDF, PNG, NetCDF4, GeoTiff
. Kpar : 8 CW Regi N
FY16 Ocean Color S-NPP p e e 31 Coverage areas: 8 C egions (CONUS)
NUPS (7-day Merge) Resolutions: 750 m
Distribution: Okeanos ftp/Thredds/CW Website
Rrs672 nm 93 Formats: CWHDF, PNG, NetCDF4, GeoTiff
FY16 Ocean Color S- (Daily Merge , SEE - (3X8X4, Coverage areas: 8 CW Regions (CONUS)
NPP NUPS Anomaly and 61-Day excluding |Resolutions: 750 m
Merage) New) Distribution: Okeanos ftp/Thredds/CW Website




Upcoming Operational S-NPP Ocean Color NOAA Unique
Products: Global Products

Product Type and

Number
Product .
Delivery Environmental N T
Date . Observational Satellites Sensors Comments
Tracking Parameters i i
Name
Formats: CWHDF, PNG, NetCDF4, GeoTiff
o Color S Chlorophyl-a Coverage areas 1 global and 24 sectors
cean Color S- .
FY16 | \pp NUPS (7-Day Merge, S-NPP VIIRS 2 198 Resolutions: 4km (global) and 750 m (sector)
True Month) Distribution: Okeanos ftp/Thredds/CW
Website
Formats: CWHDF, PNG, NetCDF4, GeoTiff
I K490 Coverage areas 1 global and 24 sectors
FY16 | pp NUPS - S-NPP VIIRS 1 99 Resolutions: 4km (global) and 750 m (sector)
(Daily Merge) Distribution: Okeanos ftp/Thredds/CW
Website
Formats: CWHDF, PNG, NetCDF4, GeoTiff
Coverage areas 1 global and 24 sectors
Ocean Color S- Kpar .
FY16 | o UPS. (Daily Merge) S-NPP VIIRS 1 99 Resolutions: 4km (global) and 750 m (sector)
y 9 Distribution: Okeanos ftp/Thredds/CW
Website
nLwns Formats: CWHDF, PNG, NetCDF4, GeoTiff
Cser Gollar = (412, 445, 488, 495 Coverage areas 1 global and 24 sectors
FY16 | \pp NUPS 555, and 672 S-NPP VIIRS 5 (25x5x4) Resolutions: 4km (global) and 750 m (sector)
nm; 7-day Distribution: Okeanos ftp/Thredds/CW
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http://coastwatch.noaa.gov/cwn/cw_products_ocglobal.html

Where Are We Now?

» Completed the installation of the CWAPS-SNPP VIIRS Software
Package on the new Okeanos PTS in July 2016
» Pre-operational SNPP-VIIRS OC Products are available in ftp://cw-

okeanos.noaa.gov/pub/datal/VIIRS test/ for users’ test and validation

(Products are only saved one week)
* New Okeanos OPS is still in development
— New Okeanos OPS is expected to be done in early September
2016
—Pre-operational products from new Okeanos OPS are expected to
be available in September

—ORR of new Okeanos OPS is expected to be done in October 2016

16


ftp://cw-okeanos.noaa.gov/pub/data1/VIIRS_test/
ftp://cw-okeanos.noaa.gov/pub/data1/VIIRS_test/

Examples of SNPP VIIRS OC Products
Generated iIn New Okeanos PT

{Pm‘} Chl-a

Data courtesy of
NOAANESDIS Center
for Satellite
Applications and
esearch

Kd490

Data courtesy of
NOAAJNESDIS Center
for Satellite
Applications and
Research

Satellite:
NPP

Sensor:

S_ g
L)
l~ <

Kdpar

Data courtesy of
NOAS/NESDIS Center
for Satellite

e

Rrs672

=

Data courtesy of:
NOAANESDIS Center
for Satellite
Applications and
Research

Satellite:
NFP

Sensor;
VIIRS

Date:
2016/08/08 D 221
Starttime:

RRS 672 isrt-1)

Projection type:

M APPED

Map prajection
0.83 km /pixel
MWERCATOR
Latitude bounds
16N ->32N
Longitude bounds
100 W -> 78 W
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Okeanos Ocean Color Products QA
Monitoring Tool Update for VIIRS Products

system @ @& [

Q Applications Places

Monitoring of Ocean Color Products Anomaly: Daily CONUS - OSPO - Mozilla Firefox

* Monitor the quality of SNPP VIIRS

OC product imagery at L2, L3, and
L4
» Monitor the quality of SNPP VIIRS

Monitoring of SNPP VIIRS Ocean Color Products Anomaly:
Daily CONUS

OFFICE OF'SATELLITE . s :
NO AND PRODUCT OI%ATIONS y
T NATIONAL ENVIRCHNI L EA.:ELLITE DATA, AND lenHIlAT!ONESHI!_\? =.">
. PRODUCTS

NOAA Okeanos Dperational

products at L3 and L4 (statistics oo Coeenation ©)  (Cambvean+] G 0o0gnie

T T T T

o 4
s Sid Devialan i
analysis 1 ]
3§ aof 4
g sof E
= a0l 4
20 i 4

o7/30 06

2016 2015

* Identify any suspicious VIIRS OC A

lorephyll Cencentratein mg/m™

Products and send alert emails to

the system operators and PAL | |
» Monitor the availability of SNPP 5 . %;

VIIRS at L3 with time -

Developmental VIIRS OC QA T

» Monitor the stability of new

18 Okeanos OPS with time

Connecting to www.gooale-analvtics.com...




SNPP-VIIRS Operational Ocean Color
NUPS Data Dissemination Flow Chart

L3 HDF
FTP
HDF & PNG Pull CLASS
CP Push Okeanos OPS > Data  p===D
> Public FTP Archive
Server
_______________ >
HDF & PNG
SCP & HTTP NOAA
> CoastWatch [ >
Web Server
New OSPO HDF & PNG Users
SCP Okeanos QA Communit
Okeanos > MONITOriNg TOOIS o mm s e e o e o o o e e e e > '
L3 PNG
PNG & Tiff FTP Pull
FTPPush | [ msEmmem————= >
>  DDS/PDA
AR P GeonetCast ===
CoastWatch HDF & PNG
SCP & HTTP
Provide ocean color P| OSPO Thredds = m e e e >

CWAPS Code

1¢€



Distribution of NOAA MODIS/Aqua and
VIIRS/SNPP Operational Ocean Color Products

* Products Distributions

— Okeanos ftp site (ftp://cw-okeanos.noaa.gov/pub/datal/ subject to change)

— Okeanos Thredds Server (DAR submission is required from users)

— OSPO Ocean Color Product QA Monitoring Web Service

(http://www.0spo.noaa.gov/Products/ocean/color/index.html)

— STAR CoastWatch Web Server
— OSPO DDS/PDA (DAR submission is required from users)
—NOAA/CLASS

 Schedule for VIIRS/SNPP OC Products Distribution

—July 2016: Pre-operational products
—QOct 2016: operational products
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ftp://cw-okeanos.noaa.gov/pub/data1/
http://www.ospo.noaa.gov/Products/ocean/color/index.html

VIIRS Cal/Val Cruises

NOAA activities Iin support of
In situ validation observations
for satellite ocean color products

Veronica P. Lance*
With contributions from Mike Ondrusek
and VIIRS Cal/Val Cruise Team Members

*Global Science & Technology, Inc.

2016 STAR/JPSS Annual Science Meeting
College Park, MD, 8-12 August 2016

(2]
Y 8/22/2016



VIIRS Cal/Val Cruises

Acknowledgements

sNOAA/JPSS Ocean Color Cal/Val team

=Officers and crew of the NOAA Ship Nancy Foster
=*NOAA OMAO

="NOAA JPSS program

=N OAA STAR Ocean Color EDR team

sNOAA CoastWatch/OceanWatch Central

2016 STAR/JPSS Annual Science Meeting,
College Park, MD, 8-12 August 2016




VIIRS Cal/Val Cruises

Outline
*NOAA dedicated to VIIRS Cal/Val cruises:
2014, 2015, upcoming 2016 (and beyond)
*Collaborations and other cruises of

opportunity

*NOAA Optical Instrument Calibration Lab
*NOAA support of MOBY and four
AERONET-OC sites

eData assembly, distribution and archiving

2016 STAR/JPSS Annual Science Meeting,
College Park, MD, 8-12 August 2016



VIIRS Cal/Val Cruises

NOAA dedicated to VIIRS Cal/Val cruises:
2014, 2015, upcoming 2016 (and beyond)

. - -

1

NOAA Ship Nanc; Foster

2016 STAR/JPSS Annual Science Meeting,

8/22/2016 College Park, MD, 8-12 August 2016




VIIRS Cal/Val Cruises

Cruise Tracks

Both 2014 (November) and 2015 (December) cruises
departed from Foster S home port of Charleston, SC

”w Dec. 2015

Nov. 2014

100

A L S
278" 278" 280°

15 1= 21 24

Sea Water Temperature {celsius)

NOAR Ship Mancy Foster Underway Meteorological Data, Quality
Contralled

(time=>=2015-12-01T00:00:00Z, time<==2015-12-15T00:00:002)
Data courtesy of FSU

2016 STAR/JPSS Annual Science Meeting,

8/22/2016 College Park, MD, 8-12 August 2016




VIIRS Cal/Val Cruises

Next Cruise:

3-21 October 2016

14 days at sea (+5 days staging, destaging)
NOAA Ship Nancy Foster

From Charleston, SC

NF-16-08

2016 STAR/JPSS Annual Science Meeting,

8/22/2016 College Park, MD, 8-12 August 2016




VIIRS Cal/Val Cruises

Participating Institutions

US Agencies: Universities:

NOAA/STAR U. Southern Mississippi
NASA/GSFC U. Miami

National Institute of U. South Florida

Standards and Technology U. Massachusetts — Boston
(NIST) City College of NY

Naval Research Lab LDEO at Columbia
(Stennis)

International:

Joint Research Centre of
the European Commission
(2014)

2016 STAR/JPSS Annual Science Meeting,
College Park, MD, 8-12 August 2016

8/22/2016




Representative
Measurements

In water profiling,
surface floating and
above water ocean
radiometry

Apparent Optical Properties (AOPs) — Remote sensing
reflectance - Simultaneous profiles with several instruments (e.g.
HyperPro; MicroPro (2014 only); C-OPS; also several handheld

2016 STAR/JPSS Annual Science Meeting,
College Park, MD, 8-12 August 2016




VIIRS Cal/Val Cruises

Representative Measurements

In water profiling, surface floating and above water
ocean radiometry

2016 STAR/JPSS Annual Science Meeting,

22/201
8/22/2016 College Park, MD, 8-12 August 2016




VIIRS Cal/Val Cruises

Representative Measurements
In water profiling, surface floating and above water
ocean radiometry

Inherent Optical Properties

( 10Ps) -Total absorption;
CDOM absorption; scatter and
backscatter; fluorometry
(chlorophyll, CDOM,
phycoerythrin)

2016 STAR/JPSS Annual Science Meeting,

College Park, MD, 8-12 August 2016 10

8/22/2016



VIIRS Cal/Val Cruises

Representative Measurements
Flow-through continuous measurements

="|OPs - Beam
attenuation/scattering; backscatter;
CDOM and chlorophyll fluorescence
=Phytoplankton characterization -
Dynamic imaging particle analysis
(FlowCam); phytoplankton
functional groups; chlorophyll and
phycobilipigments; photosynthetic
efficiency (2014 only)

2016 STAR/JPSS Annual Science Meeting,

8/22/2016 College Park, MD, 8-12 August 2016
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VIIRS Cal/Val Cruises

Representative Measurements

Discrete water sampling and analyses

Filter pad spectral absorption

HPLC phytoplankton pigment analyses

CDOM absorption

Dissolved organic carbon

Particulate organic carbon and particulate nitrogen
Fluorometric extracted chlorophyll

Suspended particulate material

Particle fluorescence and digital imaging (FlowCam)
Variable fluorescence (2014 only)

Advanced Laser Fluorometer (ALF; 2014 only)
ycobilipigment concentration (2014 only)

2016 STAR/JPSS Annual Science Meeting,

8/22/2016 College Park, MD, 8-12 August 2016

12



Large (>10um) Phytoplankton Cells

2016 STAR/JPSS Annual Science Meeting,

22/201
8/22/2016 College Park, MD, 8-12 August 2016
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VIIRS Cal/Val Cruises

Data Submission and Archiving

»2014 Cruise (NF-14-09) Data— Initiated archive
with NCEI with data on hand. Ascension number

and DOI are TBD. Please submit outstanding
datasets.

»2014 Cruise (NF-15-13) Data— Assembling
datasets now — please submit your data.

2016 STAR/JPSS Annual Science Meeting,
22/201
8/22/2016 College Park, MD, 8-12 August 2016 14




Group

VIIRS Cal/Val Cruises

Accounting of Cruise Data Submissions NF-14-09

B o
) o
2 TigenT OF ©

Dataset 2014

NOAA/STAR (Mike)

NOAA/STAR (Mike)
NOAA/STAR (Mike)

Hyperpro profiling (Rrs, etc.) only matchup stations (n=9)
ECO Pucks on Hyperpro 2x triplets (Chl, CDOM,
phycoerythrin, bb at 443, 450 860)

chl-a fluorometric (method?)

NOAA/STAR (Mike) Microtops
NOAA/STAR (Mike) ASD (Rrs - above water)
NOAA/STAR (Eric) TSM
only matchup stations (n=9 this might be
Stennis (Ryan - USM) ASD (Rrs - above water) everything for handheld)
Stennis (NRL) ASD (Rrs - above water) ?
only matchup stations (n=9; check on whether
Stennis (Ryan) Hyperpro (Rrs - floating) more stations for floating)
Stennis (Bob) Flowthrough ac9 unfiltered (a, b, c) X
Stennis (Bob) Flowthrough ac9 filtered (ag, ap, X
Stennis (Bob) Flowthrough (bb) X
Stennis (?) Microtops
UMB (Jianwei) SBA floating hyperpro (Rrs) X
UMB (Jianwei) IOP BB9 (bb) X

UMB (Jianwei)

IOP ACS180 filtered and unfiltered (apg, cpg) x

UMB (Junfang) Spectral Evolution Handheld

USF (David) Filter Pad Absorption (ap, ad, aph) X

USF (David) Chlorophyll (Welschmeyer) X

USF (David) Chlorophyll (Acidification) X

USF (David) ASD HandHeld above water (Rrs) 7 stations - (this is probably everything they have?)
USF (?) Microtops

Meeting,
Hyperpro c+ 2016 5

CTOUNCpC rarmn, o, o rZ uguot ZoUTo



Group
CCNY
CCNY
CCNY

Hypersas-POL
GER
Microtops

VIIRS Cal/Val Cruises

Dataset

2014

JRC (Giuseppe)
JRC (Giuseppe)

JRC (Giuseppe)

Micropro (profiling; Es, Ed, Lu, KI?, Kd, Eu,
Ku, R, Q, Rrs nLw

IOPs in same file, maybe calculated??
TRIoS- he says most data no good - good
at 5 stations)

NASA(Scott) C-OPS (profilling Rrs: Ed, Lu, Es, X
NASA(Scott) IOPS (acs, unfiltered: cgp, agp, ag, ) X
NASA(Scott) IOPS (ac9, filtered: ag) X
NASA(Scott) IOPS (bb3: bbp) X
NASA(Scott) IOPS (VSF-9: VSF) X
NASA(Scott) HyperSAS

NASA (Aimee) POC

NASA (Aimee) DOC

NASA (Aimee) CDOM

NASA (Aimee/Crystal) HPLC X
LDEO (Joaquim) ALF

LDEO (Joaquim) FIRe

LDEO (Joaquim) bbe

LDEO (Joaquim) phyocobilipigments

LDEO (Joaquim) Flow Cam

LDEO (Joaquim) microscopy

U. Miami (Ken) NURADS (8 stations) X
NIST n/a

B o
) o
2 TigenT OF ©

2016 STAR/JPSS Annual Science Meeting,

College Park, MD, 8-12 August 2016 16




Group

VIIRS Cal/Val Cruises

Accounting of Cruise Data Submissions NF-15-13

Dataset Dec-15

NOAA/STAR (Mike)

NOAA/STAR (Mike)
NOAA/STAR (Mike)

Hyperpro profiling (Rrs)

ECO Pucks on Hyperpro 2x triplets (Chl, CDOM,
phycoerythrin, bb at 443, 450 860)
chl-a fluorometric (Welschmeyer)

NOAA/STAR (Mike) ASD (Rrs - above water) check for completeness
NOAA/STAR (Eric) TSM

Stennis (Ryan - USM) ASD (Rrs - above water) check for completeness
Stennis (NRL) ASD (Rrs - above water) check for completeness

Stennis (Ryan)
Stennis (Bob)
Stennis (Bob)
Stennis (Bob)

Hyperpro (Rrs - floating)
Flowthrough ac9 unfiltered (a, b, c)
Flowthrough ac9 filtered (ag, ap,
Flowthrough (bb)

UMB (Jianwei)

UMB (Jianwei)

UMB (Jianwei)

RISBA (was SBA) floating hyperpro (Rrs)
IOP BB7FL2 (bb at 412, 440, 488, 532, 595, 695,
715; CDOM fl; Chl fl)

IOP ACS180 filtered and unfiltered (apg, cpg)

UMB (Guoqing) Flow Cytobot

UMB (Junfang) Spectral Evolution Handheld check for completeness

USF (David) Filter Pad Absorption (ap, ad, aph) x (rec'd but trouble unzipping)
USF (David) Chlorophyll (Welschmeyer) x (rec'd but trouble unzipping)
USF (David) Chlorophyll (Acidification) X (rec'd but trouble unzipping)

USF (David)
USF (David)
USF (?)

USfI (?)

—— =~ =

CDOM absorption (new for 2015 from ap sampling)  x (rec'd but trouble unzipping)

ASD HandHeld above water (Rrs) check for completeness
Microtops ?
Hyperpro - profiling X (rec'd but trouble unzipping)

College Park, MD, 8-12 August 2016
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VIIRS Cal/Val Cruises

Group Dataset Dec-15
2015 only for matchup stations; only at VIIRS
Pg 2 of 2 CCNY Hypersas-POL channels :
only for matchup stations; only at VIIRS
CCNY ASD channels
only for matchup stations; only at VIIRS
CCNY GER channels
OSU (Nick) Hyperpro - profiling X
OSU (Nick) Spectral Evolution Handheld check for completeness
NASA(Scott) C-OPS (profilling Rrs: Ed, Lu, Es,
NASA(Scott) C-OPS (profilling Rrs: Ed, Lu, Es,
NASA(Scott) IOPS (acs, unfiltered: cgp, agp, ag, )
NASA(Scott) IOPS (ac9, filtered: ag)
NASA(Scott) IOPS (bb3: bbp)
NASA(Scott) IOPS (VSF-9: VSF)
NASA(Scott) HyperSAS
NASA (Joaquin C.) POC
NASA (Joaquin C.) DOC
NASA (Joaquin C.) CbOM
NASA (Joaquin C.) HPLC X
LDEO (Joaquim G.) Nutrients (N, P, Si)
LDEO (Joaquim G.) Flow Cam
U. Miami (Ken) NURADS (8 stations) X
NIST n/a

2016 STAR/JPSS Annual Science Meeting,

8/22/2016 College Park, MD, 8-12 August 2016
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VIIRS Cal/Val Etc.

Collaborations and cruises of opportunity

NOAA

=JPSS/VIIRS external cal/val teams (ongoing)
=Puerto Rico; Hawaii; Gulf of Mexico; West Coast/California;
Chesapeake Bay; etc.
*NOAA OAR Ocean Acidification Program
="ECOA - East Coast US
="\WWCOA — West Coast US
*NOAA Coral Reef Watch
=Puerto Rico; Hawaii; Australia
sNOAA/STAR research
="Chesapeake Bay, etc.

NASA/South Korea (“KORUS” May-June 2016)

Australia
=CSIRO — June-July 2016
"CORAL — Upcoming Late Aug — Oct 2016

2016 STAR/JPSS Annual Science Meeting,

2
8/22/2016 College Park, MD, 8-12 August 2016
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NOAA Optical Instrument Calibration Laboratory

(NCWCP, College Park,

MD)
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In collaboration with NIST

2016 STAR/JPSS Annual Science Meeting,
College Park, MD, 8-12 August 2016
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=\WavCIS
Stennis, Gulf of Mexico
'\ = "Eureka
‘ OSU & USC, US West Coast
; lf- .LISCO
*CCNY, Long Island Sound

=|_ake Erie
NOAA/GLERL and UNH

2016 STAR/JPSS Annual Science Meeting,

College Park, MD, 8-12 August 2016 22
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VIIRS Cal/Val Etc.

Summary

sSuccessful 2014 and 2015 cruises

*Next cruise NF-16-08: 3-21 October 2016 (14
days)

=Participants, please submit outstanding datasets
for 2014 & 2015

2016 STAR/JPSS Annual Science Meeting,
8/22/2016 College Park, MD, 8-12 August 2016 23




STAR JPSS 2016 Annual Science Team
Meeting

VIIRS Ocean Color Breakout
Wednesday , 10 August 2016

Optical Measurements in Support of JPSS Cal/Val

Michael Ondrusek, Eric Stengel and Charle Kovach
Bob Arnone, Zhongping Lee, Eric Stengel, Ryan Vandermeulen, Sherwin Ladner, Scott
Freeman, Wesley Goode, Chuanmin Hu, David English, Jianwei Wei, Junfang Lin, Alex
Gilerson, Sam Ahmed, Ahmed EIl-Habashi, Robert Foster, Nick Tufillaro, Curt Davis,
Matteo Ottaviani, Carlos Carrizo, Guogiang Wang, Veronica Lance, Menghua Wang.



Primary Objectives:

* Provide In situ ocean color data to be
used for calibration and validation of the
JPSS Cal/Val effort.

 Define protocols and uncertainties In
validation data collection.

» Coordinate ocean color validation
Cruises.



* Validation of satellite ocean color sensors :
Requires accurate and traceable in situ measurements
Hyperspectral to match all sensors
Many matchups and water types

o Satlantic Profiler 1l (Hyperpro) in-water radiometer:
Hyperspectral
Profiling
Lu, Ed, and Es

* Validation capabilities
* Lwn/Rrs (in- and above-water)
* Chlorophyll/pigments
* Backscatter/Absorption
° TSM
* Aerosol Optical Depth




Validation Measurements since VIIRS launch



Dec. 1, 2011 VIIRS Intialization - Conducted Clear Sky Hyperpro
ocean color validation measurements on the Chesapeake Bay.

Avg. nLw Chesapeake Bay 12/1/11 ' —_— -

4.0

535 -

/4 o= Sta 1

= Sta 2

w
o

nLw (uW/cm2/nm
corkrNMN
o unouowm

s

350 450 550 650 750
wavelength (nm)

Chesapeake Bay VIIRS Ocean Color Validation: Conducted routine in-water Hyperpro and
above-water ASD validation measurements in the Chesapeake Bay. Over 45 days with
approximately 150 - 200 Stations in the Bay since Launch of VIIRS,

_W S~
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nnapolis, Mp




South Florida Cruise Feb. — Mar. 2012, 16 Hyperpro and ASD
Validation Stations.

(%

Walton Smith Cruise

Viirs Cal/Val Cruise - South Florida

Feb 28 — March 2, 2012 Wl i February 28, 2012 - Station 017
Station Locations : i

0.02 =&=nrl_viirs_017 6e

0.015 :
== nrl_aqua_017
oo1 | B \ o
r idps_viirs 017

0.005
== 2s5d017
. ) B

—e—noaa_hyperpro

Remote Sensing
Reflectance {rrs)

410 443 486 551 671
In situ Measurements

Above water measurement - ASD RRS,

In water measurement - HyperPro - Multicast
Waiting on the HPLC (Chlorophyll)

Ondrusek, Goode, Wood

Wavelength {nm)

Hypro vs IDPS Hypro vs L2GEN ASD vs L2gen ASD vs IDPS ASD vs Aqua Hyperpro vsAqua
ch r2 slope r2 slope r2 slope r2 slope r2 slope r2 slope
410 0.8628 0.8752 0.9071 1.0177 0.8414 0.9639 0.8364 0.7994 0.5753 1.2016 0.4575 1.2782
443 0.9848 0.9329 0.9848 0.9058 0.9468 0.9072 0.9766 0.9125 0.9202 0.9692 0.8922 0.9796
488 0.9981 0.9772 0.9964 0.9762 0.9735 1.0503 0.9912 0.9964 0.9888 0.9115 0.9914 0.8727
551 0.9895 0.9603 0.9850 0.9838 0.9635 1.1198 0.9759 1.0767 0.9804 0.9281 0.9779 0.873
671 0.9953 0.7362 0.9959 0.9368 0.8992 1.0056 0.9613 0.7327 0.9712 0.576 0.9792 0.6486




VIIRS validation using in situ Hyperpro measurements off Oahu, Hawaii collected
In September, 2012 using NASA and NRL processings. The VIIRS data in the
cross plot was processed using NASA data. 21 matchup stations

Hawaii Sept. 2012 Hyperpro vs VIIRS
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700

Band % Diff Hyperpro |Std Dev of % Diff
— NASA Hyperpro

410 1.50 3.48

443 3.18 1.05

488 3.93 3.38

ool 1.40 36.27

671 -8.81 158.79
Average 410 to 551 2.50 11.05




Two week, August 2013 Cruise with
CUNY/CREST covering entire
Chesapeake Bay. Shown, Day 234,
transect up the bay. 42 Stations total
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Sept. 2013 Geocape Cruise 112 Stations £
Rrs Data shown from 9/11, 13, and 14, &
2013 and Ecopuc backscatter
validations are show in bottom right
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Conducted VIIRS Cal/Val cruises off Puerto Rico in May 2014 and March 2015 in
collaboration with UMB, UPR, and EPA.. (image chl composﬂe of March 1 to 6, 2015)

n -66.484855° \“12?’( eyealt 97.17.m

Occupied 15 stations each year in condltlons ranging from shallow waters over sand and coral
bottoms to optically deep waters

Puerto Rico March 1 to 3, 2015 Suton 1 Puerto Rico March 1 to 3, 2015 Saion 1
— — on
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Dedicated VIIRS Cal/Val Cruise

NOAA Ship Nancy Foster
11-20 November 2014

International, Interagency and Academic
Collaborations:

US Agencies
*NOAA/NESDIS/STAR (NOAA)
*Naval Research Laboratory, Stennis Space Center
(NRL)
*NASA/Goddard Space Flight Center (NASA)
*National Institute of Standards and Technology
(NIST)

European Union
*Joint Research Center of the European
Commission (JRC)

Universities
*City University of New York, Long Island; CREST
*Lamont-Doherty Earth Observatory, Columbia
University
*University of Massachusetts, Boston
*University of Miami
*University of South Florida
* University of Southern Mississippi
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Image Landsat

Imagery Date: 4/9/2013  33°32.473' N 76° 30.4

November 12, 2014 Blue water validations



ECOA 1- The East Coast Ocean Acidification Cruise 2015
Leg 1 —June 17 to July 2, 2015 NNova Scotia to Norfolk, VA 21 optical stations

Leg 2 — July 8 to 24, 2015 53 optical stations from Chesapeake Bay to Miami

Figure 1. Tentative station plan
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December 2015 Cal/Val Cruise
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KORUS- off the coast of South Korea from May 20t to June 5. Janmok conducted 35

stations. We measured Hyperpro, NURADS, Microtops, ASD Handheld II. Other groups

measured pigments, IOPs and other relevant parameters.
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WCOA- From Baja, Mexico to Alaska from May 6t to June 5™. Aboard the NOAA Ship Ronald H.
Brown. Measured Hyperpro, Microtops, pigments, Cdom, and particulate absorption. Other groups

measured many other relevant parameters. 35 optical stations.
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June — July 2016 CSIRO cruise — Fiji to Tasmania — 24 HyperPro Il Stations with
Microtops & ancillary chemistry & 10OPs
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December 2015 Cal/Val Cruise
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Science Objectives for the Cruise
Goals

1) Validation of VIIRS JPSS Satellite Ocean Color products

Occupied 27 Stations over 13 Days, 9 good station matchups with
VIIRS

Conducted pre- and post-cruise inter-cals

Water-Leaving Radiance - HyperPro, HyperTSRB, C-
OPS, GER, SBA, HyperSAS, ASD Handheld 2

Aerosol Optical Depth - Microtops

Bi-directional radiance distribution - NURADS

Chlorophyll - HPLC, Fluorometric, (in situ and extracted)
Absorption - ACS, AC9, Spectrophotometric

Backscatter - BB9, BB7, BB3, ECO Puck

Phytoplankton Physiology - Imaging FlowCytobot

Carbon - POC and DOC water analysis; plus CDOM

Total Suspended Matter - Gravimetric
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Science Objectives for the Cruise
Goals (cont.)

2) Characterization of differences among the in situ ocean color
measurements

a) replicate observations from multiple identical (same model)
Instruments deployed in parallel;

b) observations of the same in situ parameters but using different types
of instruments;

c) different deployment protocols for sample collection;

d) different post-processing methods for the in situ data; and

e) spatial and temporal variability of the ocean waters.

3) Optical characterization of ocean variability (i.e. coastal, near-shore,
cross-shelf, eddies, fronts, filaments, blue

-Can water mass characterization of the representing different bio-physical processes
be defined using VIIRS bio-optical products in the a dynamic system such as the Gulf
Stream?



Principal investigators (PIs), participating institutions and institution abbreviations.

PI Name Participating Institutions Research Group
(Last, First) Abbreviation

Ondrusek, Michael*  NOAA/NESDIS Center for Satellite Applications and NOAA/STAR
Research

Ahmed, Sam City College of New York CCNY

Armone, Robert Umiversity of Southern Mississippi (USM) and Naval Stennis
Research Center (NRL)

Davis, Curtiss Oregon State University OsU

Galerson, Alex City College of New York CCNY

Goes, Joaquum Lamont-Doherty Earth Observatory at Columbia University  LDEO

Hu, Chuanmin University of South Florida USF

Johnson, B. Carol National Institute of Standards and Technology NIST

Lee, ZhongPing University of Massachusetts, Boston UMB

Manmno, Antonio NASA Goddard Space Flight Center NASA/GSFC

Voss, Kenneth Umiversity of Miamu U. Miamm

List of science party personnel aboard the NOAA Ship Nancy Foster (alphabetical order).

Name (Last, First) Title Research Group/Home
Institution*

Arnone, Robert Research Professor Stennis/TUSM
Carrizo, Carlos PhD Student CCNY
Chavez, Joaquin Staff Research Scientist NASA/GSFC
Freeman, Scott Staff Research Scientist NASA/GSFC
el Habashi, Ahmed PhD Student CCNY
Kovach, Charles Researcher USF
Lin, Junfang Postdoctoral Researcher UMB
Ladner, Sherwin Researcher Stennis/NRL
Ondrusek, Michael Chief Scientist NOAA/STAR
Goode, Wesley Researcher Stennis/NRL
Ottaviani, Matteo Researcher CCNY
Stengel, Eric Researcher NOAA/STAR
Tufillaro, Micholas Researcher OsU
Vandermeulen, Ryan Remote Sensing Analyst Stennis/TUSM
Wang, Guoqiang PhD Student UMB




Pre-cruise calibrations done 11/19/15
Post-cruise calibrations done 1/5/16, 1/27/16 and
1/28/16

29 Instrument calibrated
10 radiance
16 Irradiance
2 Par
1 ASD

Radiance with plague and integrating sphere
Irradiance directly with NIST Fel lamp
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Instruments used to measure Remote Sensing Reflectance

Profilers

3 HyperPro (Satlantic) — free-falling hyperspectral optical
profiler. 10 nm bands sampled every 3 nm. Radiance FOV 8.5
degrees. Calibrated from 350 to 800 nm.

C-OPS (Biospherical Instruments, Inc.) — compact
multispectral optical profiling system. a spectral range from
300 nm to 900 nm, with 19 wavebands wavelengths each: 305
nm, 320 nm, 340 nm, 380 nm, 395 nm, 412 nm, 443 nm, 465
nm, 490 nm, 510 nm, 532 nm, 555 nm, 565 nm, 625 nm, 665
nm, 683 nm, 710 nm, 780 nm, and 875 nm.




Instruments used to measure Remote Sensing Reflectance

Surface
2 HyperTSRB (Satlantic) — Same instrument as hyperpro but
collared to float at surface. —

SBA (Satlantic) — Sky- Blocking Apparatus (SBA) radiometer = e
package composed of one HyperOCR radiance sensor and one S : —_—
irradiance sensor. directly measures the water-leaving radiance & __
Lw while blocking out sky-light (Lee et al., 2013).

Above-water

3 ASD Analytical Spectral Device (PANalytical) — Handheld 2 above-
water spectrometer. Spectral range of 325 to 1075 nm. Spectral
Resolution <3.0 nm, FOV 10 degrees. 2nd asd has 7 degrees FOV.

GER (Spectra Vista Corporation) — The GER 1500, Field Portable
hand-held Spectroradiometer. Wavelengths from 350 nm to 1050 nm at
3 nm resolution with 4° nominal field of view (FOV).

2 HyperSAS (Satlantic) — Autonomous above-water OCR’s with
narrow FOV of 3 degrees. Also set up to measure polarization

Spectral Evolution — 280 to 1900 nm handheld above water
radiometer
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Station 23, All o— Hyperprol Station 23, In-water
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Depth: 50 410 4.52 12.19 3.47 9.27 1.16 -22.51 -16.83  -8.10 9.20 -10.01 17.63
Cloud cover: 0 443  3.95 10.44 499 1185 541 -892  -13.08 -7.52 255 -11.12 145
Wind speed: 7 486  5.27 12.05 9.14 11.59 8.66 -4.54 -5.79 -8.13 -4.37  -11.78 -12.11
Seas (ft.): ) 551 6.61 7.00 4.88 8.58 9.72 -10.75 -13.51  -1.39 5.60 -3.25 -13.50
Chl (mg/m3) 0.304 675 -1.35 -0.17 -9.57 3391 62.03 -33.80 -54.18 1.07 35.78 10.22 -43.94

# pixelsin5x5 22



12/11/16 (1839 GMT)
St. 19,20,21

npp.2015345.1211.183926.0.L3.viirsn.NOAACALVAL2015.v05.750m.hdf Fri Dec 11 18:39:26 2015
Chlorophyll Concentration, OCI Algorithm

347N 34°MN

33"30'N

33°30'N

33°N

32°30'N

32°30'N

32°N

32°N

31°30'N

31°30'N

31°N

0.01 .. mgm”™3 45
M cLpicE LAND BATVFAIL  EHILT
chlor_a (provisional) Code 7330/0cean Sciences F . L d
MNOAA CalVal Cruise December 2015 (VIIRSM-npp) Maval Research Laboratary r0| I I . a n e r

Wersion 5 (APS v0.2.0) Stennis Space Center, MS



Station 20, All —e— Hyperprol Station 20, In-water
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Depth: 1000 410 2.95 10.42 2.01 13.76 -0.65 -11.84 -4.36 -15.84 -5.73 -10.15 19.43
Cloud cover: 0 443 2.72 7.25 0.86 13.59 1.53 -1.21 -5.58 -16.99 -7.45  -11.21 16.50
Wind speed: 8.3 486 3.18 7.56 1.61 11.17 3.20 4.84 -2.66 -17.96 -11.45 -12.04 12.55
Seas (ft.): 2 551 5.01 1.83 -3.48 12.12 6.60 -2.36 -11.13 -12.09 -2.19 -7.63 13.30
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Instrument Percent difference relative to average of all instruments

2014 VIIRS Validation Cruise

Band |HyperproHyperproMicropro C-OPS SBA HyperTSRB ASD ASD GER HyperSAS
410 4.83 -0.41 1.93 -1.49 -9.01 -4.29 6.47 -1.82 4.04 -0.75
443 6.84 3.12 -0.35 -4.21 -8.90 -0.28 1.34 -3.30 6.19 -1.31
486 4.83 3.81 -0.37 -2.19 -9.86 1.01 -4.71 -2.21 10.38 -0.75
951 5.22 4.14 -1.86 -1.24 -9.12 5.52 -0.11 -4.75 8.53 -1.16
675 -9.18 -14.02 -14.91 -17.22 -8.57 36.15 38.47 0.24 5.46 -11.25
All 2.51 -0.67 -3.11 -6.47 -9.09 7.62 8.29 -2.37 6.92 -3.04
2015 VIIRS Validation Cruise
Band Hyperpro Hyperpro Spec Evo SBA  HTSRB 1 HTSRB 2 ASD 1 ASD2 ASD3 GER  HyperSAS
410 3.88 13.32 1446  -1.04 -0.97 -1.68 -6.04 2.29 -12.15 -7.30 -17.42
443 4.97 10.15 10.09 0.48 -1.31 0.41 -10.97 -3.32 -12.94 -4.97 -4.86
486 6.45 9.93 4.84 1.37 -2.34 3.36 -15.05 -8.95 -14.12 1.09 0.92
551 7.39 3.18 6.46 -2.70 -2.06 6.48 -10.68 -2.11 -8.75 -5.98 -3.61
675 -5.43 -17.26 -3.61 -33.49 50.99 72.27 -5.04 9.29 -7.03  -44.38 -35.22
Average 3.45 3.86 6.45 -7.08 8.86 16.17 -9.56 -0.56 -11.00 -12.31 -12.04




MSL12 VIIRS Percent difference relative to in situ

2014 VIIRS Cal/Val Cruise

Band |HyperproHyperproMicropro C-OPS SBA HyperTSRB ASD ASD GER HyperSAS Average
410 -6.73 -3.36 -5.39 -2.15 10.31 1.57 -8.17 -8.73 3.33 3.85 -3.79
443 -13.15  -10.87 -7.45 -3.93 4.15 -7.42 -8.53 -9.38 -8.44 -3.90 -8.31
486 -6.49 -5.70 -1.44 0.45 11.28 -2.84 3.67 -2.83 -8.83 0.35 -2.30
551 -3.58 -2.71 4.05 10.21 14.65 -2.89 2.89 3.18 -2.82 5.52 1.17
675 -10.37 -0.44 1.06 1.70 -3.34 -28.45 -25.91 -9.02 -22.89 -4.94 -17.04
All -8.07 -4.62 -1.83 1.26 7.41 -8.01 -7.21 -5.36 -7.93 0.18 -6.05

2015 VIIRS Cal/Val Cruise

Band |Hyperpro Hyperpro Spec Evo SBA HTSRB HTSRB ASD 1 ASD 2 ASD3 GER HyperSAS|Average
410 -10.71 -33.17 -32.44 069 -1795 -230 -5.63 -13.05 -6.59 11.00 33.56 -6.96
443 -18.16 -31.21 -29.54 -8.79 -2238 -1147 -418 -11.97/ -8.68 -4.17 -4.42 -14.09
486 -10.39 -19.94 -14.26 -0.97 -1237 597 1350 483 468 -2.64 -2.58 -4.19
951 -20.75 -24.85 24716 -71.82 -24.11 -1853 -0.83 -1252 -11.21 -6.12 -7.59 -14.46
675 -5.97 -7.69 1.95 82.36 -45.75 -40.02 021 -1549 -9.78 82.26 56.15 8.93

Average| -13.20 -23.37 -19.81 13.09 -2451 -1566 062 -9.64 -6.32 16.07 15.02 -6.16




Going Forward:

 Third Annual VIIRS Cal/Val cruise
aboard the Nancy Foster out of
Charleston, SC. Oct 5 to 19, 2016

* NASA/CSIRO CORAL cruise
conducting optical characterizations
over the Great Barrier Reef.
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Evaluation of VIIRS Ocean Color products and development
of enhanced ocean products and applications
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Cal Val Highlights of the Past year 2015 — 2016

Outline

A. Foster Cruise — Dec 2015 - Tongue of Ocean / Gulf Stream Cruise
1. Cruise track - Optical Shallow - Gulf Stream Crossing and Shingles
2. Protocols Floating HyperPro ,ASD, IOP Flow-

B. VIIRS Validation in Gulf of Mexico

C. Diurnal changes in ocean color - VIIRS validation

WavCis changes in Color
VIIRS orbital overlaps and Matchups
Processes shown in Diurnal changes

D. Wav(Cis -- status

Stennis - Cal val Team



pec 2015 Cal Val Cruise - Nancy Foster s (2%

LABORATORY | MISSISSIPPL

Gulf Stream and Tongue of Ocean

Stennis Cal Val team

GOALS:

1. Tongue of Ocean - Optically Shallow waters-
Examine the changes in nLw in optically shallow waters in Tongue of Ocean
2. Compare optical measurements for nLw for VIIRS validation ASD/ Hyperpro
3. Protocols for insitu data collection
4. Validate VIIRS products to define Gulf Stream processes waters
(Eddies, Shingles, Fronts)



Dec 2015 Cruise
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ol ERCIEER Similar VIIRS Products in Optlcally ShaIIow waters !

Tongue of Ocean
1- Optically Shallow waters Show similar

nLw and Chl through the year. !
How stable are this RRS?
Stability in water depth and bottom reflectance
2- Can Stable Optically Shallow regions be used
for VIIRS nlLw validation?
Unfortunately
Had Bad weather conditions in Tongue
v during cruise. Couldn’t make measurements.
% “Plapned and actual track !”
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el Foster 2015 Cruise Track and Stations Selection

Conditions improved Dec 8
Crossed Gulf Stream twice
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Dec 2015 C

ruise

Cruise Data Collected

Station
Specs

Optical
Profilers

o>
3 JN
B

Hyperpro
Profilers »

Floats

el::>

3

UTC is +05000Ca

‘Water Depth

Secchi depth (Time same as Floaters)

Ship Rossett - profiler- CTD, Chl-Fluorometer, 02

NASA -IOP Package , acs,ac9,bb9,vsf,SBE (Comments)

UMB - opticsPackage CTD, ACS,

GOOD VIIRS_MATCHUP - Mike

HyperPro - MIKE
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2
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ASD Blue Card comparison

Specreal Evolution - OSU
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Chlorophyll Filtered - NASA
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Flowcam ifch
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FLOWTHROUGH Data entire cruise

Ship Temperature

Ship Salinity

Ship Fluorescence volts chl and UV

10P- Flowthrough acs- Filtered and Unfiltered

Flowthrough Backscattering (470,532,670 Nm)

PAR- 2

VIIRS Overpass Time (UTC)
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LATITUDE
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Station Notes - drift




Dec 2015 Cruise

Objective 2: Compare Variability in Insitu Data Radiometry for Cal Val of VIIRS
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Floating “Hyperpros” Protocols
PrOSOft 8-1-4- From: Bob Arnone

Protocols used - for Post Processing 'Floating Hyperpro
Steps Protocols For RRS
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Dec 2015 Cruise

Agreement of 2 Floating Hyperpro USM and NRL

Averaged Lu and Es Sensor filtered the 2deg Tilt

Compared with the Above water ASD 14 Station Matchups
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Dec 2015 Cruise
Above water measurements of Rrs from ASD

How does the distance above water affect the RRS ?

Which deck on Foster should be used to collect ASD ?

ASD collected data

Distance above water

Bow =2m
01 deck = 5m
02 deck = 8m

—

Fore optics 10 and 1 and Viewing angle
Top deck and large fore optics has largest Spot size

ASD

rotocols For RRS

Comparison of Spot Size

5 Above Water instruments have Differences

Institution

25

20

15

10

Spot Size on Water m"2

ASD - Spot Size

WATER ZENITH Angle |

02 deck
01 deck
./-
// = Stern
— ——e®— 9
2 a 6 8 10

40

Foreoptic degrees
30/40

zenith angle

*

Foreoptic (degrees)
Foreoptic (radians)
Sampling Zentih Angle -

Zm Water target (degrees)

=M Sampling Zentih Angle -
Water target (radians)

3M Average Sampling Height
Above Water (meters)

onty X, where x = SQRT(hA2 +
wh2),and w=htanb

Poly.

(5M) Y, where y=xtana

Sterd? POl

40

(8Mm)

Z, where z=h [tan(b) +
JPEbAadting
AREA (mA2)
|

UsM
1
0.01745329

40

0.6981317

2

261081458
0.02278423

3.38636063
0.12201122

NRL
10
0.17453293

40

0.6981317

2

2.61081458
0.22841668

3.67819926
1.40167848

NOAA
10
0.17453293

40

0.6981317

2

2.61081458
0.22841668

3.67819926
1.40167848

USF CUNY
7.5 8
0.13089969 0.13962634

30 40

0.52359878  0.6981317

2 2

230940108 2.61081458
0.15136614 0.18256594

2.49105781 13.60957681
0.62827694  1.0874876



. ASD

Dec 2015 Cruise ASD protocol -
Results - ASD Requires Spot Size from 2- 10 Meters! Frotocols For RRS

For the Foster — collect ASD on 01 deck !

Shooting ASD from which deck ? 2™ 2™
8m -02 Deck

Blue Water Matchups
Rgrs — Uncertainty in above-water
spot size

Station 17 (RRS_WHITE)
0.006

——ST17_FOVOL 5M pocy 1

0,005 N

5 N | ST17_FOV10 8m Deck2
%0'004 \ - ST17 FOVOL 8m

& 0.003

=—=ST17_FOV10 2m

0.002 : STA7-FOVOL-2M—<tarm
0.001

0 ! e

400 500 \yaveled Mm% 800

No apparent trend in sampling height
FOV and quality of returns
Very good agreement in blue waters for all
stations!

JPSS-

Coastal Matchups
Rgrs — Uncertainty in above-water

Station 3 (RRS_LEE)

0.01
10 deg ree ——10 degree FO, 55 =22.43 m (02
deck)
__ 0.0 ——10 degree FO, S5 = 8.76 m (01 deck)
z
5 —— =
E 0,006 1.4mf tern. - 10 degree FO, SS =1.40 m (stem)
& -~

- \
0.004 =

0.002

400 450 500 550 600 650 700 750 800
Wavelength (nm)
Station 3 (RRS LEE)
0.01
1 degree FO, S8 = 1.95 m (O2 deck)
__ o0.008 1 degree FO, S5 = 0.76 m (O1 deck)
:; 1 deg ree 1 degree FO, S5 = 0.12 m (stern)
g 0.008
0.004 I — <& J12m stern
=
0.002 — ==
‘-'_"H-F‘_
5 T
400 aso s00 550 800 850 700 750 800
Wavelength (nm)
.76 01 deck

Stern — highest uncertainty 10 deg FOV - higher
01 Deck is most consistent for 1 and 10 degree
FOV 1.95 and 8m spot size

Meeting Selected as the Protocol .




. ASD
Radiometer — NIST blue tile Ethcols. FocRos
Instruments =5 ASD 1 SpecEvol 1GER )

ShowS good agreement among different systems

Similar Protocols

# files collected. Similar Processing on all Systems Several Blue tile
# dark Targets Stations Collected
Angles, Th b q I
NRL Grey card - ese are best days!
NRL processing 0.12 ASD
Station 24 Blue Tile o AsD .

0.1 aso | 135 degree azimuth

Different % Clouds —NOAA

s P T1430 GMT

0.06= ——CCNY ASD || S (/1)
0.04 CCNY GER | tile
| | R:1. (1) = R, (A
0.02 tlle( ) g( )Sref(/l)
0 . .
350 400 450 500 Was@lengthqBm) 650 700 750 800
0.12
01 =USM =—=NRL
~ oo Station 21 Blue Tile vt ——osy || 90 degree azimuth T1910
< GMT
& 006 UMB
& 0.04
* o e 3 ASD
'0 2 SpecEvol
350 400 450 500 550 600 650 700 750 800 13

Wavelength (nm) JPSS- Meeting



VIIRS and In5|tu Matchup - Floating Hyperpro -and ASD

ey

& MSLi-_"-—i__ orophyll ' Station 12 - Dec 8, 2016 Coastal waters
_8 .

Uncertainty with VIIRS data
Scattered Clouds VIIRS Satellite Matchup
No center pixel, only 3x3, 5x5 mean

Require Protocol for VIIRS data — matchups

& ASD better agreement with VIIRS At 400 nm
Floaters Agree -

Station 12 -

342-192841 + USM-Float
0.009 A -
= NRL-Float
0.008 NASA-2
N 2 NASA-3x
0.007 ”“”E: Differemce\ A MSL-3x
o l‘f’;‘= MSL12 - NASA o MSL_5x
o~ 'f; e NASA-5x
@005 -
('

\ —NRI-ASD

0.004 NOAA-ASD gl

NUMm

o = NRL-ASD_w

.*=

.0
ats Lowe \\\‘:«”’. = |® NOAA-ASDw
Than ASD =

0.003 -

0.002 -

Sea Surface

Temperature

0.001

400 450 500 550 600 650 700 750 800



IIRS and Insitu Matchup - Floating Hyperpro -and ASD
Day 345 Decll],

Gulf Stream St 19 Shingle St 20-21

Shingle

Suggests Protocols
VIIRS Matchup

Note Differences ~ 13% in
Center Pixel,
3x3
5x5
Remove Cloud Shadows.

SL— ‘o \NA
VIIRS overpass at 1838 = St 21

Station 19, 20, 21

Clear Skies

0.009
0.008
0.007

Consist
0.006

.' o

0.005 BN
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