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Hyperspectral Imager for Coastal Oceans (HICO)
Data Available from OBPG

More than 8000 HICO scenes currently archived and available that were acquired
since 15 October 2009. New files received generally within 3 days of acquisition.



HICO Support by OBPG

Request and scheduling of data collection handled by OSU/NRL/ISS.

Raw data acquired by NRL-DC via MSFC and transferred to OBPG within
days of acquisition.

HICO L1B products produced using standard software and calibrations
supplied by NRL-DC.

SeaDAS has been enhanced with HICO processing and display capabilities.

Initial NASA Level-2 processing capability treats HICO as a 15-band
MERIS-like instrument.

Full hyperspectral processing capability is to be developed.

Vicarious calibration to be developed.

All past and future data collected by HICO is now openly available to
anyone for research purposes, regardless of who requested it.



Korean Geostationary Ocean Color Imager (GOCI)
NASA Level-2 and Level-3 Processing Support

Daily Mean Chlorophyll

Chlorophyll a concentration ( mg / m?)
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Geostationary Ocean Color Imager (GOCI)
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Landsat-8 Ocean Land Imager (OLI)

Spectral Band Wavelength |Resolution
Band 1 - Coastal / Aerosal 0.433 - 0.453 pm 30 m
Band 2 - Blue 0.450 - 0.515 pym 30 m
Band 3 - Green 0.525 - 0.600 pym 30 m -
Band 4 - Red 0.630 - 0.680 pym 30 m 350
Band 5 - Near Infrared 0.845 - 0.885 ym 30 m 2:
Band & - Short Wavelength Infrared | 1.560 - 1.660 ym 30 m g i‘s’z
Band 7 - Short Wavelength Infrared |2.100 - 2.300 ym |30 m 100
Band 8 - Panchromatic 0.500 - 0.680 ym 15 m sz
Band 9 - Cirrus 1.360 - 1.390 pym |30 m

A Launch February 2013
A Operational April 2013
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Landsat 8 OLI

Processed with
NASA SeaDAS

Chlorophyll a concentration (mg / m?®)
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Ocean and Land Color Instrument (OLCI)

A ESA MERIS follow-on to fly on Sentinel-3, launch date June 2015
A Some additional bands relative to MERIS (e.g.: 400nm, 673.5nm)

A Westward roll to avoid sun glint

A Global 300-meter downlink
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OLCI Support by OBPG

OBPG staff (Gerhard Meister, Bryan Franz, Jeremy Werdell, Sean
Bailey) participating in S3 validation team

Agency-level data sharing effort, NASA/NOAA - ESA/EUMETSAT,
to enable redistribution of Sentinel-1,-2,-3 data

Tentative plan for OBPG to acquire full LO (or L1B) and distribute
L1B and NASA-derived L2 and L3 products (300-m or 1.2-km)



Reprocessing history and current data quality



calibration updates

Ocean Color Reprocessing History

2010-2011
R2010.0: multi-mission reprocessing using common algorithms.
MODISA, MODIST, SeaWiFS, OCTS, CZCS

2012 May

R2012.0: MODISA full-mission reprocessing to incorporate final
MCST C6 calibration and OBPG RVS refinements. + MERIS

2013 February

R2013.0: MODISA partial-mission reprocessing (period 2011-2013)
to incorporate refined MCST C6 calibration. + MODIST

2013 September & November
R2013.1, R2013.1.1: MODISA minor calib. updates (period 2013)
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Clear-Water Rrs(547) Anomaly Trend
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MODISA

SeaBASS + AERONET-OC

MODISA (R2013.1) Rrs vs Field Measurements

R — MODIS Aqua Ran In situ Ran = i Median Ratio i RMSE
Name Aq o o Slope Intercept Difference

Rrs412 =0.00411, 0.01820 0.00000, 0.01964 1945 1.03539 -0.00065 0.90481 0.80307 22.21457 0.00147
Rrs443 -0.00065, 0.01950 0.00005, 0.01783 1774  1.04628 -0.00026 0.88967 1.00894 12.06771 0.00109
Rrs4 88 0.00033, 0.02513 0.00039, 0.02289 2127  0.94853  -0.00021 0.89894 0.91509 12.00520 0.00106
Rrs531 0.00092, 0.01682 0.00130, 0.02110 639 0.87525  0.00017 0.91346 0.97562 11.98040 0.00096
Rrs547 0.00088, 0.01550 0.00091, 0.01984 469 0.91611 0.00018 0.92442 1.04480 13.38668 0.00072
Rrs6 &7 =0.00016, 0.01186 0.00002, 0.01100 709 0.98687 -0.00002 0.91982 0.94565 37.48856 0.00017
Rrs6 78 -0.00015, 0.00283 0.00004, 0.00295 373 0.94854 -0.00000 0.89380 1.001K1 32.16394 0.00008
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MODISA (R2013.1) Rrs vs Field Measurements
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MODIST (R2013.0) Rrs vs Field Measurements
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MODIST (R2013.0) vs MODISA (R2013.1)

Rrs(443)
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SeaWIiFS

SeaWIFs (412 [sr]
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SeaWIFS (R2010.0) Rrs vs Field Measurements

Product Best Fit | Best Fit Abs %
SeaWIFS Range In situ Range Median Ratio RMSE
Name Slope Intercept Difference
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Rrs(443)
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SeaBASS + AERONET-OC

MERIS (R2012.0) Rrs vs Field Measurements

Product Best Fit | Best Fit Abs %
MERIS Range In situ Range Median Ratio RMSE
L ET T Slope Intercept Difference

Rrs413 -0.01283, 0.01832 0.00001, 0.01550 1250  1.06363 | -0.00097 | 0.87358 | 0.84771 28.28140 0.00186
Rrs443 -0.00084, 0.01761 0.00014, 0.01557 1158 1.06040  -0.00067 @ 0.87490 | 0.91770 16.55719 0.00127
Rrs490 0.00032, 0.02499 0.00054, 0.02442 1366 0.96946  -0.00042 @ 0.86451 | 0.87365 14.98263 0.00125
Rrs510 0.00106, 0.02567 0.00131, 0.02538 582 1.08277 -0.00045 | 0.82955 0.94721 11.04571 0.00083
Rrs560 0.00087, 0.02889 0.00085, 0.02862 481 1.03390 -0.00017  0.91258 0.94987 13.62841 0.00076
RrsB65 -0.00071, 0.01217 0.00003, 0.01078 510 1.08306 -0.00007 | 0.92559 0.70893 47.51158 0.00029
RrsBE1 -0.00022, 0.00235 0.00006, 0.00199 282 1.04185 -0.00004 @ 0.83938 0.69642 42.98729 0.00009
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MERIS (R2012.0) Rrs vs Field Measurements
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Chlorophyll vs Field Measurements

SeaWIiFS
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Chl, Difference (mg m*)

Multi-Mission Chlorophyll Time-Series
Deep-Water Chlorophyll Anomaly
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Chl, Difference (mg m*)
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there is a problem with VIIRS calibration after 2012




VIIRS Temporal Calibration

VIIRS Solar Calibration Trend
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VIIRS Status

Substantial radiometric degradation in NIR (> 35%) due to
contamination of optical surfaces with tungsten oxides

I a function of UV exposure, but impact is stabilizing

Temporal calibration error starting in 2013

I likely cause: solar vector error (reference frame inconsistency) in
NOAAGs | DPS softwar e, | mMmpact assess

Significant detector striping artifacts
I statistical solutions exist, but waiting on above before pursuing further

OBPG is currently operating as the NPP Ocean PEATE, proposed
to continue supporting VIIRS as the Ocean SIPS

NASA redevelopment of Level-0 to Level-1B process and formats in
progress (led by OBPG, w/ land, atmosphere PEATES and VCST).



Advancement in SeaWIFS Calibration

a story of less than one digital count
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Chlorophyll

due to a 1-count shift in dark offset

SeaWIFS Radiometric Instability Issue
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SeaWIFS Radiometric Instability Issue

constant dark offset
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Average dark count
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SeaWIFS Status

Average dark count vs time

o L .

Yedr for SeaWiFs

A dark offsets are changing, by less

than one digital count over 12 yrs.
... and it matters

effort now to determine best way
to estimate or model a continuous
drift in the dark offsets

also impacts lunar calibration
measurements, which may have
different offset behavior

complicating factor is 1-2 count
drift in lunar calibration gain
relative to earth view gain

33



Changes for next reprocessing (R2014.0)



2014.0 Multi-Mission Reprocessing

Scope
AOC from CZCS, OCTS, SeaWiFS, MERIS, MODIS(A/T), and VIIRS
ASST from MODIS (and maybe VIIRS)

Motivation

1. incorporate knowledge gained in instrument-specific radiometric
calibration and updates to vicarious calibration

2. incorporate algorithm updates and advances from community and
last MODIS Science Team developed since 2010 (last reprocessing).

3. improve interoperability and sustainability of the product suite by
adopting modern data formats, standards, and conventions



Data Format Change

Level-2 and Level-3 products moving from HDF4 to netCDF4 with
A Climate and Forecast (CF) meta-data conventions

A 15019115 standards for geographic information

A Un i d aAttribd@esConvention for Data Discovery (ACDD)

Why change?
A HDF4 is no longer being developed, and the current implementation is limiting
for new missions (and current missions) i file size issues

A current OBPG format pre-dates development of international standards and is
not recognized in many third-party software packages

Why netCDF?
A framework on which many international data standards are developed

common use in physical oceanography (e.g., GHRSST), and adopted by our
international partners (e.g., ESA Sentinel missions)

A

A widely supported by 3r-party tools and applications

A netCDF4 is built on HDF5 i active support and development, backward
compatibility

http://oceancolor.gsfc.nasa.gov/DOCS/FormatChange.html



Current OC Standard Product Suite

Level-2 OC Product

Algorithm Reference

R(l)
Angstrom
AOT
Chlorophyll a
K4(490)

POC

PIC

CDOM _index
PAR

10. iIPAR

11. nFLH

O N '@ 0 P

Gordon and Wang 1994, Ahmad et al 2010, etc.

O'Reilly et al. 1998 (OC3) updated Werdell
Mueller et al. 200@KD2) updated byVerdell
Stramskeet al. 2008

Balch et al. 2005, Gordon et al. 2001
Morel andGentili 2009

Frouin, Franz, &Werdell2003

Behrenfeldet al. 2009



Proposed Changes to Standard Product Suite

Level-2 OC Product

Algorithm Changes

R(l)
Angstrom
AOT
Chlorophyll a
K4(490)

POC

PIC

CDOM _index
PAR

10. iIPAR

11. nFLH

O N '@ 0 P

calibration updates, ancillary data updates, improvec
land/water masking, terrain height, other minor fixes

mergeOCxwith Hu et al. 2012 CI

no change

no change

updated iy and twoband LUT (Balch)
remove product

consolidated algorithm, minor fixes
no change

flagging changes (allow negatives)



diminishing
sensitivity

Chlorophyll Algorithm Refinement
line-height approach

Chlorophyll a algorithms for oligotrophic oceans: A novel

approach based on three-band reflectance difference

Chuanmin Hu,' Zhongping Lee,” and Bryan Franz’

JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 117, C01011, doi:10.1029/2011JC007395, 2012
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Chlorophyll Algorithm Refinement
a hybrid approach

New CI Line Height Algorithm Standard OCx Band Ratio Algorithm
better at low chlorophyll better at mid to high chlorophyll
Chlocq = 107

Cl1 RSHB551 T IRHI43T T 5551 4437 =F670i 4431 * HR 6701 i RHI431TG
which is equivaent to Cl & RsHB557 i 0:5FRHI431 | R F670i7:

y=a+arx +ax’ +ax’ +ax’
X = log;y(R) and R = max(R,;(443,490,510))/R,s(555)

ChlO 0.25% mg m Chl> 0.3 mg m3

v v

Proposed OCxI Algorithm

CthCI = CthI [fOI’ CthI <0.25 mg m*3]
Chlocs [for Chlcr > 0.3 mg m ™|
a X Chlocs + 3 x Chlgy [for 0.25 < Chley < 0.3 mg m ™|

l



MODISA Standard OC3 Chlorophyll

Chlyes

Flags off




MODISA Evaluation OCI Chlorophyll

Chlg,

Flags off




SeaWIFS Standard OC4 Chlorophyll

Chlocs

mgfm™3

1.00




SeaWIFS Evaluation OCI Chlorophyll

Chlgg



