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® bloom dynamics

e phytoplankton community composition
e nutrient cycling
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Fig. 7. A host of new applications will be available with better discrimination of pelagic
and benthic biodiversity promised by hyperspectral imagery. 8
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Living up to the Hype of Hyperspectral
Aqguatic Remote Sensing: Science,
Resources and Outlook

Heidi M. Dierssen*, Steven G. Ackleson?, Karen E. Joyce®, Erin L. Hestir?,
Alexandre Castagna®, Samantha Lavender® and Margaret A. McManus”’

"Department of Marine Sciences, University of Connecticut, Groton, CT, United States, °Naval Research Laboratory,
Washington, DC, United States, College of Science and Engineering / TrooWATER, James Cook University Nguma-bada
Campus, Caims, QLD, Australia, “Civil & Environmental Engineering, University of California Merced, Merced, CA, United States,
SProtistology and Aquatic Ecology, Ghent University, Ghent, Belgium, ®Pixalytics Ltd., Plymouth, United Kingdom, “Department
of Oceanography, University of Hawai'i at Manoa, Honolulu, HI, United States
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Monthly meetings to discuss mission/algorithm synergies, new papers & opportunities , gaps,
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Suite OC_AQOP
1. Rrs 350-720 @ 2.5nm
2. Rrs_unc 350-720 @ 2.5 nm
3. aot 865
4. angstrom 443/865 relative
5. ipar
6. PAR 400-700nm integrated
7. nflh
8. AVW
9. QWIP (TBD, but likely)

10. 12flags

Suite OC_IOP

a

bb

aph

aph_443 unc
adg 443

adg 443 unc
adg_s
bbp_443
bbp 443 unc
10 bbp_s

11. Kd

LN WDNPE

Suite OC_BGC
1. chlor_a

2. POC

3. PIC

4. PhytoC

Standard Product Suites So Far...

SeaWiFSwavelengths ormore
SeaWiFSwavelengths ormore
SeaWiFSwavelengths ormore

SeaWiFSwavelengths ormore



APPARENT VISIBLE WAVELENGTH (APV) USING HYPERSPECTRAL DATA

Synthetic Dataset

Remote Sensing of Environment
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150 shades of green: Using the full spectrum of remote sensing reflectance to
elucidate color shifts in the ocean
Ryan A. Vandermeulen®"™*, Antonio Mannino®, Susanne E. Craig™®, P. Jeremy Werdell"

# Science Systems and Applications, Inc., Lanham, MD, 20706, USA
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QWIP: A Quantitative Metric for Quality
Control of Aquatic Reflectance
Spectral Shape Using the Apparent
Visible Wavelength

Heidi M. Dierssen’*, Ryan A. Vandermeulen?°, Brian B. Barnes®, Alexandre Castagna®,
Els Knaeps® and Quinten Vanhellemont’

"Department of Marine Sciences, University of Connecticut, Groton, CT, United States, “Ocean Ecology Laboratory, Goddard
Space Flight Center, National Aeronautics and Space Administration, Greenbelt, MD, United States, Science Systems and
Applications Inc., Lanham, MD, United States, “College of Marine Science, University of South Florida, St. Petersburg, FL,
United States, °Protistology and Aquatic Ecology, Department of Biology, Ghent University, Ghent, Belgium, ®Flemish Institute for
Technological Research (VITO), Mol, Belgium, “Royal Belgian Institute of Natural Sciences, Brussels, Belgium

The colors of the ocean and inland waters span clear blue to turbid brown, and the
corresponding spectral shapes of the water-leaving signal are diverse depending on the
various types and concentrations of phytoplankton, sediment, detritus and colored
dissolved organic matter. Here we present a simple metric developed from a global
dataset spanning blue, green and brown water types to assess the quality of a measured
or derived aquatic spectrum. The Quality Water Index Polynomial (QWIP) is founded on the
Apparent Visible Wavelength (AVW), a one-dimensional geophysical metric of color that is
inherently correlated to spectral shape calculated as a weighted harmonic mean across
visible wavelengths. The QWIP represents a polynomial relationship between the
hyperspectral AVW and a Normalized Difference Index (NDI) using red and green



QWIP

Algorithm Development: The method was developed using a large global dataset of remote
sensing reflectance (n = 1,629) compiled from different studies (CASCK-P dataset, see Dierssen
et al. 2022).
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(A) The QWIP relationship between Apparent
Visible Wavelength (AVW) and the Normalized
Difference Index (NDI) with the CASCK-P
training dataset showing the final tuned QWIP
polynomial (thick magenta line) with different
levels of QWIP scores (+0.1 dotted magenta
and +0.2 dashed magenta). Water types
include: Blue-green (blue circles), Green
(green diamonds) and Brown (red squares).
(B) Histogram of the QWIP scores from (A) are
predominantly within £0.1 for the training
data. (C) The remote sensing reflectance (Rrs)
of outliers with negative QWIP scores < —-0.2
were associated with optically shallow water
features. (D) Outliers with QWIP scores > 0.2
exhibited higher blue associated with surface
reflected skylight and higher overall magnitude
spectra.



Satellite verification:
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Comparing full spectral information against empirical indices enables a quick and efficient means of
assessing the relative quality of satellite and/or in situ data. Mapped HICO scenes are passed through the
QWIP procedure, and spectra are accepted/rejected based on a nominal acceptance threshold. As spectral
data increasingly deviate from the polynomial relationship between AVW and NDI (490,665), the anomalous
spectral features become more prominent.
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PACE SAT Provisional Algorithms Upcoming

Unified algorithm for aerosol characterization from OCI Unified Aerosol Remer
Radiative Transfer Simulator and Polarimetric Inversion for PACE Simulation Delivered Zhai
Inverse retrieval of the ocean surface refractive index OSIRIS Ottaviani
Joint polarimetric aerosol and ocean color retrievals with deep learning FastMAPOL Gao
Algorithms to obtain inherent optical properties of seawater ~ 39AA (aph,ad,ag,bbp,Kd) Stramski
The PACE-MAPP collaborative algorithm project PACE-MAPP Stamnes
Freshwater Hyperspectral HABs Algorithms Shuchman
Retrieving water quality indicators via MDNs Water Quality Pahlevan
Chi factor and BRDF Zhang
PACE UV Retrieval of Oceanic and Atmospheric Data products Chowdhary

Spectral Derivative Methods for Quantifying Phytoplankton Pigments for PACE Pigments

Siegel



https://pacesat.marinesciences.uconn.edu/index.php?gf-download=2021%2F09%2Fremer_PACESAT_meeting_Oct2021_audio_v2.pptx&form-id=1&field-id=3&hash=a818e23ab952d0b6db8b35a8507fd55b2c601fdeba58566a2932c4ca3b5dd162
https://pacesat.marinesciences.uconn.edu/index.php?gf-download=2021%2F09%2FZhai_PACE_ScienceTeam_2021.pptx&form-id=1&field-id=3&hash=104868abcc5832b658fe8a674aa36d966c0752d9278181f7e5a18acd53799b33
https://pacesat.marinesciences.uconn.edu/index.php?gf-download=2021%2F09%2FOttaviani_SATM21.pptx&form-id=1&field-id=3&hash=8acf205c7514f1226edaedbb8cf99928c54ec43a907fe475c4ee12dc4e06363a
https://pacesat.marinesciences.uconn.edu/index.php?gf-download=2021%2F09%2FFastMAPOL_PACE_SAT_meeting2021_Gao_v2_audio.pptx&form-id=1&field-id=3&hash=ff488cc1082fe0b5dbed3a269495606fbe13f07065a1cf85f2d0c0f296c85b18
https://pacesat.marinesciences.uconn.edu/index.php?gf-download=2021%2F09%2FStramski_PACE-SAT-Mtg_October-2021.pptx&form-id=1&field-id=3&hash=3f0fe94ecd98c4940f7a7c24184e3f07f735e4b16274612d9d401ebacaed7da0
https://pacesat.marinesciences.uconn.edu/index.php?gf-download=2021%2F09%2FStamnes-PACE-MAPP-STM-2021-v7.pptx&form-id=1&field-id=3&hash=ef8bf2b3abf773139aa2700a9490e8b7a180f2c7b86b501206af8986d36d9405
https://pacesat.marinesciences.uconn.edu/index.php?gf-download=2021%2F09%2FShuchman_PACE.mp4&form-id=1&field-id=3&hash=f28b878c7bccdd66c05e8eeb27711f4dba9c6c896942a0bfc46177bdeea3997b
https://pacesat.marinesciences.uconn.edu/index.php?gf-download=2021%2F09%2FPahlevan_PACESAT_Year1.pptx&form-id=1&field-id=3&hash=9053baca14f38ddc4bc1d8c426432d5d9bea430a4f645721294b7801c04a51fa
https://pacesat.marinesciences.uconn.edu/index.php?gf-download=2021%2F09%2FChi-factor-BRDF-OCI-202110.pptx&form-id=1&field-id=3&hash=446d67dda4278cbe9f57706d42ee98be577e0908a8557a7679e6ecedb3e24eda
https://pacesat.marinesciences.uconn.edu/index.php?gf-download=2021%2F09%2FPACE_Chowdhary_summary_total.pptx&form-id=1&field-id=3&hash=5b8ee4ec256da2c8c23cce013a93a30af26bd3d12dc23900e69093ba76dd8e37
https://pacesat.marinesciences.uconn.edu/index.php?gf-download=2021%2F09%2FSiegel_PACE_Pres_092221.pptx&form-id=1&field-id=3&hash=35210e687d593816111f6b8c48fb007d53c21f585e880eab5287af635ee8e2f2

IOP Inversion and BRDF algorithms for PACE ZTT Model I0P, BRDF

Twardowski

MAIAC Processing of OCl Over Land: Aerosol Chemical Speciation MAIAC

Lyapustin, Go

HARP2 Level 1 Data Processing Plan

Xu

Remote sensing of cloud properties using PACE SPEXone and HARP-2  RSp Heritage

vanh Diedenhoven

Phytoplankton Algorithms and Data Assimilation: Preparing a Pre-launch Path to Exploit PACE

Spectral Data

PACE implementations for optically shallow waters

Rousseaux

Barnes

A toolbox for the diagnostic assessment of spectral behavior AVW

Vandermeulen

Radiative products for PACE All things radiative Boss, Frouin
Support for PACE OCI Cloud Products Meyer
Hyperspectral algorithms for OCI atmospheric correction and UV penetration Krotkov

Net Primary Production for PACE OCI NPP, FLH, PhytoC Westberry
HARP2 Vanderlei
SPEXONE - Aerosols remoTAP Hasekamp

Spectral Decomposition: Chl b, Chl ¢, and grouped photoprotective carotenoids Pigments

Chase, Gaube



https://pacesat.marinesciences.uconn.edu/index.php?gf-download=2021%2F10%2FTwardowski_etal_PACE_Meeting-20211006_FINAL_audio_show.ppsx&form-id=1&field-id=3&hash=789572fed82789cde0a8a6413d5d0c7989b2d7d93207fc124c3bda15cb7ac945
https://pacesat.marinesciences.uconn.edu/index.php?gf-download=2021%2F09%2FPACE_STM_Oct6_MAIAC.pptx&form-id=1&field-id=3&hash=82cc7d86c8baf6b2614867e4435a6d72203742b7a729e873dade1e2a16dd295c
https://pacesat.marinesciences.uconn.edu/index.php?gf-download=2021%2F10%2FHARP2_L1_Processing_2021Oct_PACESAT_Meeting_Audio_v1.pptx&form-id=1&field-id=3&hash=8a01f43de4d01be0c56dba3e870b9e1322e6d8281b20a52ec93a0af201d14d03
https://pacesat.marinesciences.uconn.edu/index.php?gf-download=2021%2F10%2FvanDiedenhoven_PACE_project_2021b.pptx&form-id=1&field-id=3&hash=620eec4e5c1348ddab4d030b2b610740970f362da72464560b72a995e9a98070
https://pacesat.marinesciences.uconn.edu/index.php?gf-download=2021%2F10%2FRousseaux_PACEST2021_RecordedAudio.pptx&form-id=1&field-id=3&hash=30acd4f7ed2838c2cadb99cd5458799a1a6c9a4768454507d964c51ba030b151
https://pacesat.marinesciences.uconn.edu/index.php?gf-download=2021%2F10%2FBarnes_PACE_progress_y1.pptx&form-id=1&field-id=3&hash=f4349186106cd020241dc8e671386c49599026b43f116fe1d0e76320477ffa51
https://pacesat.marinesciences.uconn.edu/index.php?gf-download=2021%2F10%2FTeam_meeting_Yr21.pptx&form-id=1&field-id=3&hash=fbba077424303165e7c6b018cfe4ccaf89d6fd5e757c6316c0678f37d965f643
https://pacesat.marinesciences.uconn.edu/index.php?gf-download=2021%2F10%2FMeyer_OCI_Cloud_Product_Support.pptx&form-id=1&field-id=3&hash=e8299e7ea7039a5cb0c17a453466d7aa75169f671fd5ce038a1d745814934731
https://pacesat.marinesciences.uconn.edu/index.php?gf-download=2021%2F10%2FKrotkov_OMI_PACE_STM21.pptx&form-id=1&field-id=3&hash=c32b207ef6fa3d43f3e25851fd57bebb65cd025a4037ce97ff890d49c7467489
https://pacesat.marinesciences.uconn.edu/index.php?gf-download=2021%2F10%2FWestberry_PACESATmtg_Oct2021.pptx&form-id=1&field-id=3&hash=03bd01057107849b4151e462ec1864ed3a46e6772b8af47c1198870ae4588275
https://pacesat.marinesciences.uconn.edu/index.php?gf-download=2021%2F10%2FHARP2-Martins-Science-Team-Meeting-2021-final1.pptx&form-id=1&field-id=3&hash=63631b0442e288560686478681705f4c343df2c57048f2c48315a3feeb83daab
https://pacesat.marinesciences.uconn.edu/index.php?gf-download=2021%2F10%2FMeyer_OCI_Cloud_Product_Support.pptx&form-id=1&field-id=3&hash=e8299e7ea7039a5cb0c17a453466d7aa75169f671fd5ce038a1d745814934731
https://pacesat.marinesciences.uconn.edu/index.php?gf-download=2021%2F10%2FKrotkov_OMI_PACE_STM21.pptx&form-id=1&field-id=3&hash=c32b207ef6fa3d43f3e25851fd57bebb65cd025a4037ce97ff890d49c7467489

PACE SAT Review of Phytoplankton Community
Composition from Space

Led by Ivona Cetini¢ and Cecile Rousseaux




Chase, Gaube et al. using Gaussian Functions to estimate
Phytoplankton Pigments
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Kramer & Siegel Modeling Pigments and Phytoplankton Community
Composition (PCC)

Spectral derivative methods for estimating phytoplankton pigment concentrations
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A Net Primary Production (NPP) algorithm
for application to PACE OCI

Team members:
Toby Westberry (Pl)

Mike Behrenfeld (Co-I) Oregon S.tate
Jason Graff (Co-1) University

Keywords: Phytoplankton, photosynthesis, primary production, biomass, physiology,
photoacclimation, fluorescence, growth rate
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PACE measurements of Sargassum macroalgae

Project Pl: Chuanmin Hu, University of South Florida
Co-Pls: Brian Lapointe (FAU) and Gustavo Goni (NOAA)

Examples with HICO
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Hyperspectral Data is critically needed for algorithm
development and validation

Earth Syst. Sci. Data, 12, 1123-1139, 2020 ESSD | Articles | Volume 12, issue 2
https://doi.org/10.5194/essd-12-1123-2020

© Author(s) 2020. This work is distributed under

the Creative Commons Attribution 4.0 License.
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Data description paper 19 May 2020
A global compilation of in situ aquatic high spectral e R
resolution inherent and apparent optical property data z et

for remote sensing applications RS
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PACE, GLIMR, SBG Synergies

What are the Opportunities for Synergies between
Missions Pre-launch (2022-2024)?

o Collection of new hyperspectral datasets shared across missions
o Simulated data with more realistic assumptions
o Field and airborne campaigns proposed for all missions

o Development of common algorithms and data products across three
science teams

o Shared working groups to better characterize aquatic biodiversity in terms of
phytoplankton community composition

o Shared methods for calculating and distributing Uncertainties for products

o Development of Coupled Ocean-Atmosphere Modeling to achieve better
joint retrievals

o Joint efforts to conduct Vicarious Calibration and Product Validation

Dr. Heidi Dierssen, UConn
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