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Ocean Color
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National Aeronautics and Space Administration

The NASA Plankton, Aerosol, Cloud, ocean Ecosystem (PACE) mission will p " ° PACE’s Ocean Color Instrument (OCI) is @ global hyperspeciral imaging-

. extend and improve upon NASA's 20+ years of global satelite radiometer designed to reveal key properties of Earth's oceans and PACE's Spes 0 for Bansicxy, ion (SPEXone) will collect
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Tt i Scvoniced vt of climcta ! o Sy Sets g advance the assessment of ocean health by measuring the diversity of J  typerspectral capabilties, for example, wil enable rerievals of aerosol
- distribution of ph PACE will help health. PACE will phytoplankton, tiny plants and algae that sustain the marine food web. OCI . microphysical properties that inform on air quality and clmospheric energy
P E also continve and advance key measurements related to air quality and will also continue many heritage atmospheric aerosol and cloud data budgels, SPEXone s a contributed Insirument fo the PACE mission; designed
[Hsale: Wsson ke g oole Ip-l e exisndg ey o rd sy o records, which in combination with its ocean measurements, will enable g RE and buil by o Dutch consortium consisiing of SRON Netherlands Insttute
* records for Earth System and climate studies and addressing new and improved assessment of aerosol impacts on ocean biology and chemistry. o Spcon: Risaaneh el Alcbon Disfonca/cid Somck Nidhierhmds
: . emerging science questions by defecting a broader range of color OCl is the primary instrument of the PACE mission, designed and built at 3 y A
‘wavelengths that will provide new and unprecedented detail. " NASA Goddard Space Flight Center ~
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PACE DATA PRODUCTS

ATMOSPHERIC
OCEAN COLOR

Atmospheric
Contribution

Oceanic
contribution

-
op-of-Atmosphere Radiance




PACE DATA PRODUCTS

ATMOSPHERIC

Aerosol absorption
Aerosol size distributions
Concentrations of
brown/black carbon

Cloud optical depth
Cloud height
Cloud thick

depth :
Aerosol beights and
layers :
;’ “,. /-~ Cloud phase (liquid/ice)
R 4 ‘e % Droplet size distributions
' \u‘ Ice crystal shapes
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i Oil slick detection
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National Aeronautics and Space Administration

Research Center

Learn more about Space Biology &

Coolaslce

Every winter, a layer of carbon dioxide frost (dry ice) forms on the
surface of Mars. At its greatest extent in midwinter, this frost

gown

Air and Ocean Views

NASA’s Plankton, Aerosol, Cloud, ocean Ecosystem (PACE) satellite,
launched on February 8, 2024, collects data on microscopic life in
the ocean and particles in the air, advancing researchers’
understanding of issues including fisheries' health, harmful algal
blooms, air pollution, and wildfire smoke. With PACE, scientists also
investigate how the ocean and atmosphere interact with each other
and are affected by a changing climate.

Image and text credit: NASA's Goddard Space Flight Center/PACE;
Image processing: Carina Poulin

Engage more with PACE ©
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PACE (re)processing and data
product release status

ocCl
340-890 nm in 2.5 nm steps

7 discrete SWIR: 940-2260 nm
1-2 day coverage; +20° tilt; 1km [
NASA Goddard Space Flight Ceg/(/e’

N ——

Initial data release on 4 Apr 2024
* Radiometry from all instruments
* Heritage ocean color from OCI

First reprocessing (V2) in Jul 2024

* First use of on-orbit calibrations

* Second wave of products: surface
reflectances, terrestrial vegetation
indices, cloud properties

HARP2 “aer .
440, 550, 670, 870 nm =

10-60 viewing angles e 7
wide swath polarimeter; 3 km e
University of Maryland Baltimore Co.

Second reprocessing (V3) ongoing
* Updated calibrations
* New/updated products to follow

Data access via NASA
Earth Data Search

SPEXone =
380-770 nm in 2-4 nm steps

5 viewing angles

narrow swath polarimeter; 2.5 km
SRON, Airbus NL

rrrr

polar, ascending, 98° inclination
13:00 local Equatorial crossing time
676.5 km altitude

6-9 hrs data latency



Advanced aerosol
retrievals from OCI

Preliminary results from Lorraine
Remer and team’s “Unified Aerosol
Algorithm”

5 | Provides some quantification of
True Color Aerosol Optical Depth 0.55 um NUV Aerosol Index (UVAI)

0.00 025 050 0.75 1.00 10 0z 14 26 38 so aerosol absorption and altitude

Currently in implementation/testing

Single Scattering Albedo (SSA) 0.55 um Aerosol Layer Height
- B e
0.80 0.84 0.88 0.92 0.96 1.00 00 20 40 6.0 80



HARP2 Cloud and Aerosol Measurements

World with our Eyes

Cloud Droplet sizes

10 15 20
Droplet Radius (um)




Results: PACE HARP2 data products — aerosols
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Results: PACE HARP2 cloud 3D structure




Results: PACE SPEXone data products — aerosols

Cloud Fraction Aerosol Optical Depth (Amount) Single Scattering Albedo (absorption)




Terrestrial products

Normalized Difference Vegetation Normalized Difference Water Index

15t global (almost) hyperspectral coverage Index (NDVI)
: i _-c#;" ..

every 1-2 days

4 new vegetation pigment indices (mARlI,
Car, PRI, CIRE) and hyperspectral
reflectance

6 classic vegetation indices: NDWI,
NDVI/EVI, NDII, CCl, NDSI

Modified Anthocyanin Index (mARI)




g
P/\C [ Results: OCI data products — Vegetation indices
o

-~ March 2024
; Color Legend o
Green
Chlorophyll-a
Blue Red :
Carotenoid Anthocyanin

PACE’s advanced pigment indices contain information on vegetation type, productivity, health status, and leaf area.
Only PACE can provide this information globally, every 1-2 days. Data Credit: Fred Huemmrich (NASA/UMBC)



Results: PACE data products — plankton groups

RELATIVE DOMINANCE
OF INDIVIDUAL
PLANKTON GROUPS

Picoeukaryotes
Synechococcus
Prochlorococcus

Normalized
abundance

Rolling 32-day average
April 2024 MOANA algorithm PACE - OCI
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Timing is everything in the PACE-PAX field campaign »
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PACE DATA PRODUCTS — WHAT TO KNOW

What you should know about PACE data

This is a summary of the general information one needs to use PACE data. See the complete release notes for the most current PACE data on the OB.DAAC website.
(Updated Feb 06 2025)

Orbit

The PACE satellite is in a Sun-synchronous polar orbit, with a local Equatorial solar crossing time of 1 pm for the ascending (daytime) note. The descending orbital node
happens during local nighttime, and none of PACE's sensors collect science data at night.

PACE Instruments

OCl HARP-2 SPEXone =7 %
Ocean Color Instrument Hyper Angular Rainbow Spectro-Polarimeter for |7 :
Polarimeter Planetary EXploration g | 4;15.13:;};&

OB.DAAC data processing levels

PACE Science Data Reprocessing: Version 3

https://pace.oceansciences.org/about_pace_data.htm



https://oceancolor.gsfc.nasa.gov/data/reprocessing/V3.0/pace/
https://pace.oceansciences.org/about_pace_data.htm

PACE DATA PRODUCTS =W

OB.DAAC data processing levels

Level 1A Level-1B

Raw instrument data and  Calibrated & geolocated
spacecraft telemetry in instrument data
netCDF4

Level-1C Level-2

Derived geophysical
science data products

Calibrated, geolocated,
and co-registered to a
common grid

Currently available product maturity levels..

Provisional

Results have been reviewed and are in family
with heritage data products or other basis of
expectation, but which have not yet been
validated and may still contain significant
errors...

Known data issues

PACE Science Data Reprocessing: Version 3

https://pace.oceansciences.org/about_pace_data.htm

Test

Results have not yet been reviewed by algorithm
developers and or may be known to have
substantial errors in implementation that are
under investigation.

Level-3

Temporally and spatially
composited (binned and
mapped) global products  Level-3 inputs and/or

AT TO KNOW

Level-4

Geophysical products
derived from combined

models

Diagnostic

Products that are produced to support analysis of
algorithm behavior, but that are not intended for
science.



https://oceancolor.gsfc.nasa.gov/data/reprocessing/V3.0/pace/

PACE DATA PRODUCTS — WHAT TO KNOW

Wavelength: Normalised Rrs (nm)

315 I, . 2250

Problematic bands

Hover over the bands to get more information about the issues. The ocean normalized surface reflectance (rhos) and atmosphere transmittance spectra are shown as a

reference.

Sensor

OcCl I

HARP2

SPEXone

350 400

PACE Science Data Reprocessing: Version 3

https://pace.oceansciences.org/about_pace data.htm

x

From: 590 to 610

Rrs products in the 590 to 610nm spectral range have been removed, due to artifacts associated with instrument
performance in those spectral ranges.

Avoid using data

500 600 700 800 1,000 1,200 1,500 1,750 2,000



https://oceancolor.gsfc.nasa.gov/data/reprocessing/V3.0/pace/

PACE DATA PRODUCTS =W

Issues affecting all bands

Sensor  Processing le.. Product suite.. Issue details

HARP2 Level 1A/B/IC NA

OCl Level 1A/B/C Al
NA
Level 2 All

PACE Science Data Reprocessing: Version 3

Alignment related false polarization needs further evaluation and improvement

Polarimetric performance is subject to comprehensive evaluation, particularly in the accuracy of
DoLP and reference plane orientation.

The red scale factor trends higher than the non-red factor by about 25%. This will result in a
larger subtraction of the red data as compared to the non-red data. This will affect the radiometric
data and we need to test the new correction.

Horizontal striping can occur for bands between 650nm and 900nm for scan angles from +3.9deg
to +14.6deg (scan pixels 680 to 800). For open ocean scenes, the TOA signal usually varies less
than 1%, but close to bright sources (such as a coastline) the striping over ocean can be severa..

Occasional outliers are seen in OCI dark data, especially in the area of the South Atlantic
Anomaly. These outliers can corrupt the background subtraction for a complete scan line, leading
to striping in the L1B data. The algorithm to calculate the background subtraction in the L1B cod..

The optical design of the OCI SWIR detector assembly (SDA) causes the bands to view different
locations along-scan at a given time, and the data are packetized by time. The bands are
pixel-shifted into alignment with the hyperspectral bands. This results in fill pixels at the start or ..
The current processing extends to higher view zenith angles than the heritage sensors. The
atmospheric correction becomes increasingly difficult at these extreme geometries, and
erroneously elevated reflectance has been observed in red wavelengths near scan edge. These..

When the OCI instrument tilt changes, near the subsolar point of the PACE orbit, the sensor
passes through extreme glint conditions (direct specular reflection). This results in systematic
artifacts in the Rrs retrievals due to error in the atmospheric correction. In V2, these cases were ..

https://pace.oceansciences.org/about_pace data.htm

AT TO KNOW

Filter Sensor or
Processing Level

Sensor
HARP2

ocl
SPEXone

Processing level
Level 1A/B/C

Level 2
Level 3



https://oceancolor.gsfc.nasa.gov/data/reprocessing/V3.0/pace/

PACE DATA PRODUCTS =W

Events potentially affecting data
Hover for details. See complete list of events on the OB.DAAC website.

Sensor name

PACE
Observatory

x |

AT TO KNOW

Filter date range
10/23/2024 to 2/4/2025

OCI from 12/15/2024 to 12/15/2024 |
Deep Space Calibration

HARP2

Lunar Calibration

SPEXone

Oct31,24 Nov10,24 Nov20,24 Nov30,24 Dec10,24

PACE Science Data Reprocessing: Version 3

https://pace.oceansciences.org/about_pace data.htm

Dec 20, 24

Dec 30, 24 Jan 9, 25 Jan 19,25 Jan29,25 Feb8, 25
Impact on data (filter)
No Data No Impact Reduceg


https://oceancolor.gsfc.nasa.gov/data/reprocessing/V3.0/pace/

PACE DATA PRODUCTS — WHAT TO KNOW

[ No Data No Impact [ Reduced Quality

SWIR bands missing pixels

Some SWIR bands have missing pixels on either edge of the swath in L1B files. This is due to the fact SWIR have a different detector and are not registered to OCIl's CCD bands. See
L1A User Guide for more technical details.

Bands affected

on western edge of swath on eastern edge of swath

Bands, number of missing pixels
SWIR 2260 nm, 13 px

SWIR 1038 and 2130 nm, 11 px
SWIR 1250 and 1615nm, 9 px Bands, number of missing pixels
SWIR: 1250 and 1615 nm HG, 1 px SWIR 940 and 1378 nm, 1 px

Full swath reference, red and blue bands, 0 px Full swath reference, red and blue bands, 0 px

PACE Science Data Reprocessing: Version 3

https://pace.oceansciences.org/about_pace_data.htm



https://oceancolor.gsfc.nasa.gov/data/reprocessing/V3.0/pace/

Satellite data processing
can he difficult.

We’re here to help you climb ou
of that hole!

OCEAN COLOR

A OB.DAAC | OBPG




Help Hub Core

Learn the essential things you need to know to access and process data in this series of Jupyter Notebooks.

Cloud Data Access File Structure Explore Level-2 Ocean Color Explore Level-3 Ocean Color Installing the SeaDAS Processing with the SeaDAS
(OCI Example) (OCI Example) Data Data Command Line Tools Command Line Tools
(ocssw) (ocssw)

©6 ©6 ©6 ©6 ©6 ©6

HARP2 Data Visualization

©6

ARSET - Introduction to Plankton, Aerosol, Cloud, Ocean Ecosystem (PACE) Hyperspectral Observations for Water Quality Monitoring

Follow the tutorials presented during the ARSET - Introduction to Plankton, Aerosol, Cloud, Ocean Ecosystem (PACE) Hyperspectral Observations for Water Quality Monitoring. Video recordings are available for all tutorials
and slides and Jupyter Notebooks are available when relevant.

ARSET Training Home Page Part 1: Introduction to the Part 2: Overview, Access, and Part 3: Access and
PACE Mission for Water nalysis of PACE Ocean Visualization of PACE/OCI
Quality Monitoring Color Data Products Data using Python/Jupyter
Notebook Software

© ®00 ®©00eo0 ®0086

https://oceancolor.gsfc.nasa.gov/resources/docs/tutorials/



A social coding event '\

#keepingPACE
with NASA’s latest great

- Earth science mission




Join the PACE Community of Practice
to stay updated on the mission
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