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NASA Plankton, Aerosol, Cloud, ocean Ecosystem (PACE) mission

Primary hyperspectral radiometer: Key characteristics:
* QOcean ColorInstrument (OCl) (GSFC) 9 January 2024 launch
676.5 km altitude
2 contributed multi-angle polarimeters: Polar, ascending, Sun synchronousorbit; 98° inclination
« HARP2 (UMBC) 13:00 local Equatorial crossing
* SPEXone (SRON/Airbus) 3-yr design life; 10-yr propellant
Ka-band downlink rate 600 Mbps; avg Observatory 40 Mbps
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https://pace.gsfc.nasa.gov
& @NASAOcean




Additional beauty shots of the PACE observatory can

be found at: https://svs.gsfc.nasa.qgov/12469
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* Hyperspectral scanning radiometer
Key OCI Adva nces * 5 nm resolution (320) 340-890 nm
* Dataat 2.5 nm steps

SPECTRAL COVERAGE

OCEAN COLOR HERITAGE SENSORS compared with PACE
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HARP-2 SPEXone

Update

UMBC Hyper UV-NIR range 440, 550, 670, 870 nm  Continuous from 385-770
Angular * Flightunit undergoing nm in § nm steps
Rainbow environmental testi ng SWIR range None None

Polarimeter : Polarized bands All Continuous from 385-770
(HARP-2) * Delivery to GSFC for I&T o i 15.45 1 tops

in Fall 2022

™ Number of viewing 10 for 440, 550, 870 5 [-57°, -20°, 0°, 20°, 57°]
| angles [degrees] nm; 60 for 670 nm
[spaced over 114°]

B[R

* Excellent for cloud droplet size and ice particle shape/roughness retrievals

Swath width +47° [1556 km at nadir] +4.5° [106 km at nadir]
. ey . Global coverage 2 days 30+ days
[ ]
Provides cloud capabilities beyond those required of OCI EEmee . T

» Wide swath matches OCI, offering potentially improved atmos. correction

"} ; &
‘ .

Heritage AirHARP, Cubesat AirSPEX
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* Excellent for aerosol characterization

* Addresses aerosol climate objectives beyond those required of OCI

OCl + SPEXone + HARP2

* Greater information content than any
current instrument suite for ocean color,

Update
* SPEXone flight unit

SRON/Airbus
Spectro-

_ polarimeter delivered to GSFC;
aerosol, & cloud observations for Planetary integrated to spacecraft
* New data products: ocean color from Exploration * 16 orbits of simulated
multi-angle polarimetry, wind speed, etc. (SPEXone) data available online



PACE Data Products — Atmospheric

X
P/)RCE

concentrations of
brown/black carbon

Top-of-atmosphere radiance

tellites see while orbiting
f miles above Earth’s surface

N

L

aerosol absorption
aerosol optical depth

aerosol size distributions
aerosol heights & layers

Water-leaving radiance

ocean reflectance
whitecap fraction

angular light distributions

‘How liaht'is scattered }’7 a 0T, edb
seawater and fhp ”sf/ff” contained in If

<+— cloud height

cloud optical depth

cloud thickness

cloud phase (liquid/ice)
droplet size distributions
ice crystal shapes

Light exiting the ocean that gives it its color

<+« 0i| slick detection




PACE — Ocean Color (plus Terrestrial) PZ(\CE

light penetration
angular light distributions
index of refraction

photosynthetic pigments
fluorescence
plankton communities

light transmission
absorption properties
scattering properties

PAR: photosynthetically
available radiation

concentrations of
particulate carbon &
suspended matter

bathymetry
classifications

land albedo
vegetation indices




PACE data availability, formats & software

Data Level |Description m

Level 0 Lowest level science data (Raw Data; Consultative Committee for Space
NE Data Systems (CCSDS) packets - https://public.ccsds.org/Pubs/133x0b32 pdf )

Aquarius MODIS-Terra VIIRS-SNPP
czcs ocTs I,

GOt alTe ekl PRISM-CORAL Data

HawkEye SeaHawk OLCI-53B
HICO PACE « Help
MERIS SeaWiFs Ask A New Question

LERESE L RS EClo o SR EER b is scheduled to launch no earlier than 2023.
a hyperspectral radiometer spanning the

ave infrared, that is designed to provide
mea:.uramontc for the productlon of global ocean color, aerosol, and cloud science data records. PACE will also
carry two multiangle polarimeters: HARP2 (Hyper-Angular Rainbow Polarimeter 2) and SPEXone (Spectro-
polarimeter for Planetary Exploration one), which will provide additional measurements and products to expand our
understanding of aerosol and cloud microphysical properties and support advance applications in ocean biology and
biogeochemistry.

Level 1A Uncalibrated science data in self-describing archive format netCDF4

Level 1B Calibrated radiances, geo-located science data as observed netCDF4

Leval 1C Calibrated radiances, geo-located, co-registered (resampled) science dataj  netCDF4
Level 2 Science products derived from Level-1B/C netCDF4

Level 3 Temporally and spatially composited science products netCDF4
o —

Sensor Summary

Learn more about the PACE instrument suite:

https://oceancolor.gsfc.nasa.gov

DNta Record Period | Our set of data records covers the entire routine operations period from TBD.

O Cea %: %o l VersNgn History To be provided once data production begins.
E F g t Cl ization Data

# ABOUT MISSIONS DATA DOCS SOFTWARE & TOOLS . SERVICES GALLERY FORUM

Documentation

Overview Brrsers
Search & Download Methods

Find Data
Direct Data Access

lity Assessment

,.evel 182 Browser
S Global L3 Trends
Mission Quality Monitor

Data File Search More...
OpelDaD Level-3 Time Series Plotter
SeaBASS = 2 A :

W VCI Pasdd ricuivuuv - Tm—"
Search Help

# ABOUT DATA DOCS PROCESSING DOWNLOADS SUPPORT

Browse
Submit Ask A New Question

Search Existing Answers
Projects o :

The Official NASA/OB.DAAC Data Analysis Software Features

PRISM-CORAL Data

Sensor Summary

Last update: Jun 2021




PACE: Interdisciplinary applied science objectives
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—" v : — e

ad e

ecological forecastlng pathogens

/”’*7' AL NN




Plankton, Aerosol, Cloud, ocean Ecosystem

PACE Applications Program

* Addressing community user needs &
concerns with PACE data products

* Grow relevance & sustainability of
PACE

 Demonstrate the societal value &
utility of PACE

The goal of the PACE Applications Program is to
foster new partnerships and out-of-the-box thinking

that will generate inventive solutions that aid
society.



Plankton, Aerosol, Cloud, ocean Ecosystem

PACE Early Adopter Program

The PACE Early Adopter program promotes applied science
and applications research designed to scale and integrate
PACE data into policy, business, and management activities
that benefit society and inform decision making.

Goals:
o Expandthe user communities with tangibleand
potential applicationsthat would benefit from the
use of PACE data

o Facilitate feedback on PACE data products pre-
launch

o Accelerate the use and integration of PACE products
into applications post-launch by providing specific
support to Early Adopters who commit to engage in
pre-launch applied research




Plankton, Aerosol, Cloud, ocean Ecosystem

PACE Early Adopters

Aquaculture/Fisheries Mapping HABs Risk Waterborne Pathogens

Marine maymmals & Climate

A
Oil Spills Aquaculture/Fisheries Aerosols&
HABs Detection DataIntegration Water Clarity-Waters Resources ~ Water CIarity-Warter Resources

g
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Wetland Ecosystems Food Security ~ Mobile Apps & Decision Making Data management

Air-sea exchange

-

Human Health HABs Monitoring HABs Mo_g_itoring Water Clarity & Ecosystem Health

N

Air Quality & Climate HABs Monitoring DataIntegration

Global Carbon Budget
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September 14-15, 2022
Virtual Event

https://www.eventbrite.com/e/pace-applications-workshop-2022-tickets-321347487987



Vicarious Calibration and Validation PANCE s

e System Vicarious Calibration — ongoing competition
 MarONet — Voss/Johnson/Yarbrough et al.
e HyperNav - Barnard/SeaBird/Boss et al. Plinkion, Actose, Cloud, cean Ecosysem (GIOK wission,

Code 427.0

PACE Vicarious Calibration Plan

* Validation Activities Dok, 26 1S 200
« ROSES 2022 PACE Validation Science Team (PVST)
e PACE Post-launch Airborne eXperiment (PACE-PAX)

https://pace.oceansciences.org/documents_more.htm?id=1758

e Rely on existing infrastructure and data resources R S B N i
* AERON ET-OC (thank yOU Giuseppe l | I) PACE Science Data Product Validation Plan
* AERONET
* FRMA4SO0C
* MAN, SKYNET, ARM, MPLNET, EARLINET, etc. P/\\\, c
[ %

e Establish new infrastructure (tbd)

https://pace.oceansciences.org/docs/PACE_Validation_Plan_14July2020.pdf

B o ——



Measurement Protocols - Published

Ocean Optics & Biogeochemistry Protocols for
Satellite Ocean Colour Sensor Validation

Volume 1: Inherent Optical Property Measurements
and Protocols: Absorption Coefficient (v1.0)

Editors
Aiwee R. Necley and Andonio Manrino

Authors

Emmanud Bosw, Exrio |. D'Sa, Scott Freoman, E4 Fry, James L Mudler, Scott Pegein,
Rick A Reynolds, Collin Roester, Rilger Rittyers, Diviuse Strameli,

Michael Tusnfounts and |. Romald V. Zarerdd

Ocean Colour C
4

National Space

HOCCG, Dastmouth, Canada

November 2018

Py

&ccG

10CCG Protocol Series

Ocean Optics & Biogeochemistry Protocols for
Satellite Ocean Colour Sensor Validation

Volume 2: Beam Transmission and Attenuation Coefficients:
Instr Charac Field M
and Data Analysis Protocols (v2.0)

Editors
Aimee K. Necley smd Antonio Mewiens

Bows, Michael Tistrdonsehi, Dhaised MeKee, Joww

Insermational Occan Coloar Coordinating Group (I0CCG) in collaboration with
National i

e Administration (NASA)

10CCG, Dartmouth, Canada

May 2019

Py

Vol. 1.0
Absorption
(particles)

Nov. 2018

Vol. 2.0
Beam
Attenuation

April 2019

&ccG

10CCG Protocol Series

Ocean Optics & Biogeochemistry Protocols for
Satellite Ocean Colour Sensor Validation

Volume 3: Protocols for Satellite Ocean Colour Data
Validation: In Situ Optical Radiometry (v3.0)

Authors
Givseppe Ziordi, Kewmeth . Voss, 8. Caned Johuson and fawes L Mucller

Zibordi, Voss, Johnson
and Mueller

Insermational Ocean Colour Coordinating Group (I0CCG) in collaboration with
National Aerv i Space Adeninistration (NASA)

10CCG, Dartmouth, Cansda

December 2019

Vol. 3.0

Radiometry
for Validation

Dec. 2019

&CCG

10CCG Protocol Series

Ocean Optics & Biogeochemistry Protocols for
Satellite Ocean Colour Sensor Validation

Volume 4: Inherent Optical Property Measurements and
Protocols: Best Practices for the Collection and Processing
of Ship-Based Underway Flow-Through Optical Data (v4.0)

Giorgio Dall Ot

Editors

Aimer R. Nevley snd Astoveio Mavino

International Ocean Colour Coordinating Geoup (J0CCG) in collaboration with
National Aeronautics and Space Administration (NASA)

KXCCG. Dartmauth, Canada

November 2019

Vol. 4.0
Inline Flow-
Through IOPs

Nov. 2019

Ocean Optics & Biogeochemistry Protocols for
Satellite Ocean Colour Sensor Validation

Volume 6: Particulate Organic Matter Sampling and
M P Is: Co Towards Future
Ocean Color Missions

Awthors:

Joaguin E. Chaves, Iona Cetinté, Giorgio Dl Otwe, Meg Estapa, Wijford
Guardiner, Miguei Goi, Jazon R Groff, Peter Hornes, Phoobe J. Lom, Zhanfei Li,
Michael V. Lomas, Antonso Manning, Mickael G. Novak, Robert Turnewitich, P:
Jeremy Werdell, Toby K. Westberry

Ocean Colous C Group (I0CCG)
with National and Space (NASA)

10CCG, Dantmouth, Canada

August 2021

Vol. 6.0
Particulate
Organic
Carbon
August 2021

https://ioccg.org/what-we-do/ioccg-publications/ocean-optics-protocols-satellite-ocean-colour-sensor-validation/



https://ioccg.org/what-we-do/ioccg-publications/ocean-optics-protocols-satellite-ocean-colour-sensor-validation/
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resources & g -

useful info ———

data product
descriptions +
access to
simulated data &
characterizations

PACE technical
memos & other
documents

NASA/TM-2018.2190271 Vol. 7

PACE Technical Report Series
Volume 7

Ocean Color Instrument (OCT) Concept Design Studies

[Dec-18] Ocean Color Instrument (OCl) Concept [Dec-18] Data Product Requirements and Error
Budgets Consensus Document N

Design Studies M
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MISSION ~ SCIENCE ~ APPLICATIONS ~ DATA ~ NEWS EVENTS GALLERY ~ DOCUMENTS -~

HOME ABOUT ~

‘ TECHNICAL MEMOS

LEARN MORE

Data Products Overview 1 - - = TN ‘ . i 2 TATION MATERIALS

Ocean Properties to be Produced by OCl

Bio-optical and biogeochemical properties of seawater constituents in the
sunlit upper ocean.

E Ready to Make Waves
design reviews and moved into construction and testing »
000000080

PACE's advar~ .a technologies will provide new insight into Earth's ocean and atmosphere. LATEST NEWS & EVENTS

VA (? 3 T— >
m C’ N ?‘ é) HARP named SmallSat Mission of the Year

These systems impact our everyday

weiminerise) Wttps://pace.gsfc.nasa.gov

PACE's data will help us better understand how the ocear

dioxide. In addition, it will reveal how aerosols might fuel

ocean. Novel uses of PACE data will benefit our economy ‘
S i e identify the extent and duration of harmful algal blooms. @ N ASA O C e a n 3

long-term observations of our living planet. By doing so, i

PACE Technical Report Series
Volume 6 for decades to come.

Data Product Requirements and Error Budgets
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\ Clicktbfind https://seadas.gsfc.nasa.gov
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