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Infroduction to PACE Hyperspectiral Observations for Water Quality Monitoring
Part 3. Access and Visualization of PACE/OCI Data using Python/Jupyter Notebook Software

ARSET Instructor: Amita Mehta
Guest Instructors: Anna Windle (NASA GSFC/SSAI) & Carina Poulin (NASA GSFC/SSALI )
October 09, 2024




Training Outline

Part 1 Part 2 Part 3
; : Access and
Intfroduction 1o Overview, Access, h e
PACE (Plankton and Analysis of D e A
Aerosol, Cloud, PACE Ocean Color G
ocean, Ecosystem) Data Products St

Python/Jupyter
Notebook Software

Mission for Water
Quality Monitoring

October 9, 2024

September 25, 2024 October 2, 2024
10:00-11:30 AM 10:00-11:30 AM 10:00-11:30 AM
Homework

Opens October 9 — Due October 24 — Posted on Training Webpage

A cerfificate of completion will be awarded to those who attend all live sessions and
complete the homework assignment(s) before the given due date.
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Part 2 Review

« Applications Program: Inform decision making activities in water resources, fisheries, and
ecosystem areas.

« Examples of PACE Early Adopters: Aquaculture Site Selection, Enhanced Cholera Risk
Models, Hypercoast Water Quality Monitoring for Lakes and Estuaries.

« Description and access to multiple levels of PACE data: PACE Data Access Landing
Page
 Data Access: Through OB.DAAC and Earthdata.

NASA Worldview: Useful for near real-time PACE true-color images and Chlorophyll-a
concentration data visualization.

« Demonstration of SeaDAS: Useful for PACE data analysis and visualization.
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https://hypercoast.org/
https://pace.oceansciences.org/access_pace_data.htm
https://pace.oceansciences.org/access_pace_data.htm
https://oceancolor.gsfc.nasa.gov/data/overview/
https://www.earthdata.nasa.gov/
https://worldview.earthdata.nasa.gov/

Part 3 Objectives

By the end of this training, participants will be able to:

« Access OCIl Remote Sensing Reflectances and Level-2 and -3 Water Quality
Parameters from Earthdata using Open-Source Python Software/Jupyter
Notebooks

« Visualize OCI Remote Sensing Reflectances and Level-2 and -3 Water Quality
Parameters using Open-Source Python Software/Jupyter Notelbooks

« |dentify Steps to Customize the Provided Jupyter Notebook Software for Other
Areas of Interest and Time Frames
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How to Ask Questions

« Please put your questions in the Questions box and we will address them at the end of the webinar.

« Feel free to enter your questions as we go. We will try to get to all of the questions during the Q&A
session after the webinar.

« The remainder of the questions will be answered in the Q&A document, which will be posted to the
training website about a week after the training.
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Part 3 — Trainers

Anna Windle Carina Poulin
Postdoctoral Fellow Scientific Designer
NASA GSFC, SSAI NASA GSFC, SSAl
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Access and Visualization of PACE/OCI Data using
Python/Jupyter Notebook Software
Overview




PACE: A New Era for Water Quality Monitoring

« PACE Launch: February 8, 2024

« New Data Opportunities:
— Hyperspectral Ocean Color Data
— Hyper- and Multi-Spectral Polarimetry Data

« New data challenges!
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Orientation to Earthdata Cloud Access




Where is PACE data located?

* |In the cloud!

« Specifically, an AWS cloud that is physically in Oregon.

« Thisis called the AWS us-west-2 region.

« PACE dataislocated in AWS Cloud Data Storage (S3)
Buckets in this cloud.

NASA ARSET - Introduction to PACE Hyperspectral Observations for Water Quality Monitoring



How can | access PACE data that's in the cloud?

Three options:

1. Earthdata Search OB.DAAC portal
2. OB.DAAC Level 3 & 4 Browser
3. OB.DAAC File Search

Note: the OB.DAAC Level 1 & 2 browser does not support access to PACE data
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https://search.earthdata.nasa.gov/search?portal=obdaac&q=PACE&fi=OCI&fdc=Ocean%2BBiology%2BProcessing%2BGroup%2B%2528OBPG%2529&lat=-0.0703125&long=0.140625
https://oceancolor.gsfc.nasa.gov/l3/
https://oceandata.sci.gsfc.nasa.gov/api/file_search/

Earthdata Search OB.DAAC Portal

PACE & 20 Matching Collections

Shawing 20 of 20 matching collections B Export  |= Sort

] . NOVigOTe TO: # Z = P.AcEOCIl.evel-2keg.innalApparenlOpli:alPmp&rﬁes-NearReal-
hitps://search.earthdata.nasa.gov/search

& Browse Portals © 23,066 Granules 2024-02-25 ongoing & Earthdata Cloud

©Q 1toddays

The Ocean Biology DAAC produces near real-time (quicklook) products using
the best-available combination of ancillary data from meteorological and...

T Filter Collections

Features ~

GEOSS - PACE_OCI_L2_AOP_NRT v2.0 - NASA/GSFC/SED/ESD/GCDC/OB.DAAC

2. Top |efT, CliCk “Browse POf"I'OlS” Available in Earthdata Cloud W

Customizable & More Info & More Info &
PACE OCI Level
LLIEST 23,072 Granules
Keywords v The primary sens| cwic GHRC
Instrument (OCI).| 9 CEOS WGISS Integrated Catalog GHRC  Global Hydrometeorology Resource
Platforms v 1774 Center
GEQSS - PACE_OC More Info & MoreInfo &
3 C | M (1] A} Instruments v
ick on "OBDAAC
‘ Organizations v | PACEOCILevel IDN OBDAAC

CEOS International Directory Ocean Biology Distributed Active
9 Network Archive Center
More Info & More Inig

OBDAAC (Ocean Biology Distributed ...

0 ORNL DAAC PO.DAAC
kb " 01 Qak Ridge National Laboratory Physical Oceanography Dt 1 Leave Portal
. lnrer iInstrruments 10 @ o N

More Info & ! Bearch for collections or topics 3

PO.DAAC Cloud . SNwe & u =
Physical Oceanography Distributed q N Sateliite Needs Working Gt
Active Archive Center \
More Info B 5 ! & Browse Portals @
Y Filter Collections
Keywords v
Platforms v
Instruments ~
HARP2 6
HawkEye 2
MERIS 26

SPEXone 4

VIIRS 102
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https://search.earthdata.nasa.gov/search

Search Results (20 Collections)

PACE OCI Level-2 Regional Apparent Optical Properties - Near Real- :

DCI"'CI Of Interest time (NRT) Data, version 2.0
s h Ori'n OMN@ =P PACE_OCI_L2_AOP_NRT

Related URLs
View More Info

3 OBDAAC (Ocean Biology Distributed ... 20 Matching Collections

1 Leave Portal Temporal Extent

Showing 20 of 20 matching collections &+ Export 1= Sort | i= View 2024-02-25 ongoing
lSearch for collections or topics &
PACE OCI Level-2 Regional Apparent Optical Properties - Near Real-
. time (NRT) Data, version 2.0 GIBS Imagery Projection Availability
. "= 23,066 Granules 2024-02-25ongoing @ Earthdata Cloud . None
© 1toadays
& Browse Portals © The Ocean Biology DAAC produces near real-time (quicklook) products using

Science Keywords

the best-available combination of ancillary data from meteorological and...

GEOSS + PACE_OCI_L2_AOP_NRT v2.0 - NASA/GSFC/SED/ESD/GCDC/OB.DAAC o EARTH SCIENCE MOSPHERIC RADIATION
Keywords v
PACE OCI Level-1B Science Data, version 2
Platforms g4 23,072 Granules 2024-02-25 ongoing 4@ Earthdata Cloud
Instruments A The primary sensor aboard the PACE spacecraft is the Ocean Color
Instrument (OCI). It is a highly advanced optical spectrometer that will be...
HARP2 6
- : GEOSS + PACE_OCI_L1B_SCI v2 - NASA/GSFC/SED/ESD/GCDC/OB.DAAC OBPG KIC\SAIGSFCISEDIESDIGCDCIOB'DA
lawkEye
PROCESSOR
MERIS 26
PACE OCI Level-3 Global Mapped Chlorophyll (CHL) - NRT Data, ) . . DISTRIBUTOR m
MoDis 20 version2.0 No contact information for this data
ocl 20 528 Granules 2024-02-25ongoing @ EarthdataCloud @ 1tod days center. sdps@oceancolor.gsfc.nasa.gov
oLCl 55 The Ocean Biology DAAC produces near real-time (quicklook) products using
. the best-available combination of ancillary data from meteorological and... Fax: 301 = 286-0268
SeaWiFS 22
SPEXone 4 GEOSS - PACE_OCI_L3M_CHL_NRT v2.0 - NASA/GSFC/SED/ESD/GCDC/OB.DAAC .
Bounding Rect:
VIIRS 102
o PACE OCI Level-2 Regional Biogeochemical Properties, Near Real-
Organizations v time (NRT) Data, version 2.0
-02- d. . . .
23,088 Granules 2024-02:25 cngolng M &b (ERERSRACIES The Ocean Biology DAAC produces near real-time (quicklook) pi
© @ Cloud Access
Processing Levels v The Oce. ] Looking for more collections? Leave the OBDAAC Portal
£10 D0 81L e onr ey e e FOF Developers
AWS Cloud

Available for access in-region with AWS Cloud

Region
’ us-west-2
N Bucket/Object Prefix
s3://ob-cumulus-prod-public/
AWS S3 Credentials
ﬁ

Get AWS S3 Credentials Documentation
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Download Data Selecting a file highlights

the granule on the map.

Search Results (20 Collections) United Kingdom

Germany

PACE OCI Level-2 Regional Apparent Optical Properties - Near Real-
time (NRT) Data, version 2.0

France

Showing 20 of 23,066 matching granules .= Sort := View
Greece
PACE_OCI.20240828T120553.L.2.0 : PACE_0CI.20240828T115053.L2.0C
C_AOPV2_0.NRT.nc _AOPV2_0.NRT.nc
Pakistan
START 2024-08-28 12:05:53 START 2024-08-28 11:50:53
END 2024-08-28 12:10:52 END 2024-08-28 11:55:52 Saudi Arabia
PACE_OCI.20240828T7102235.L2.0 PACE_OCI.20240828T101735.L2.0C
C_AOPV2_0.NRT.nc _AOPV2_0.NRT.nc Nigeria
D | d . d d | 8-28 10:22:35 ok
ownioda inaiviaud - o 2024-08-28 11:50:53
. . 2024-08-28 11:55:52
files directly. vz |3
2 2 x Congo
PACE_OCI.20240828T101235.L.2.0C @ PACE_OCI1.20240828T100735.L.2.0C :
_AOPV2_0.NRT.nc _AOPV2_0.NRT.nc Zambia

Add multiple filesto , S = e .
dOWI’ﬂOOd Search Time: 0.1s h 'South Africa

B3 Remove

NASA ARSET - Introduction to PACE Hyperspectral Observations for Water Quality Monitoring 14




Analyze Data in the Tool of Your Choice

PACE OCI Level-2 Regional Apparent Optical Properties - Near Real-time (NRT) Data, v

Download Status
Untitled Project ; ; .
) Edit Options H This page will automatically update as your orders are processed. The Download Status page can be accessed later by visiting
2 Granules 1 Collection 150.2 MB ©@ https://search.earthdata.nasa.gov/downloads/4436229390 or the Download Status and History page.
PACE OCI Level-2 Regional Apparent
Optical Properties - :ear Rea’:?time ¢ PACE OCI Level-2 Regional Apparent Optical Properties - Near Real-time (NRT) Data, version 2.0 A
. @ choose how you want to download your data
(NRT) Data, version 2.0 Status Access Method Granules
2 Granules Est. Size 150.2 MB Download all data O Complete (100%)  Download 2 Granules

£ Edit Options .
Directdownicad ofallsslected data Download your data directly from the links below, or use the provided download script.

Download Files AWS S3 Access Download Script

—
© select a service and customize options
Retrieved 2 files for 2 granules

No customization options are available for the selected access method.

& Download Files [l Netesi¥ Save (] Expand

https://obdaac-tea.earthdatacloud.nasa.gov/ob-cumulus-prod-public/PACE_OCI.20240828T115053.L2.0C, PV2_0.NRT.nc
https://obdaac-tea.earthdatacloud.nasa.gov/ob-cumulus-prod-public/PACE_OCI|.20240828T120553.L.28€ AOPV2_0.NRT.nc

Click "Edit Options” above to customize the
output for each project.

& Download Data @ Collection 10f 1 m

Can pull these local files info whatever you're used to analyzing satellite data with —
Python, Matlab, R, SeaDAS, efc.

Or...
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earthaccess Python Library

« Easy way to search, download, or stream NASA Earth science data using a few lines of code.

« earthaccess is under active development.
— Feel free to submit Issues on their Github if something is not working or you have a suggestion.

« Anyone can contribute! Check out the Contributing Guide.

« This is what we will use to access PACE data in the Jupyter Notebook tutorials.

earthaccess

A Python Library for NASA Earthdata
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https://earthaccess.readthedocs.io/en/latest/
https://earthaccess.readthedocs.io/en/latest/contributing/

Two Ways to Run Jupyter Notebooks

1. Locally — Following Instructions Listed in Prerequisites
— Using the predefined environment.yml to install JupyterLab and required Python libraries

1. Inthe Cloud
— If you have access to an Elastic Compute Cloud (EC2), such as a cloud-based JupyterHub

«  Examples: JupyterHubs Maintained by Openscapes, CryoCloud, NASA Goddard's Open
Science Studio

— EC2 needs to be running on AWS us-west-2 region
— See NASA Earthdata Cloud Cookbook for more information on cloud computing

Since not everyone has equal access to an EC2, we will be demonstrating how to run the notebooks
locally.
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https://nasa-openscapes.github.io/earthdata-cloud-cookbook/

Tutorial of Earthdata Cloud Access

Tutorial Lead: Anna Windle, Postdoc
NASA GSFC Ocean Ecology Lab




Visualization of Optical Remote Sensing Data
for Water Quality Monitoring




PACE Data Products

« PACE Data Products Table

Currently implementing

Coming soonl and evaluating

Calibrated Radiometry and Polarimetry
Calibrated and geolocated radiometry and polarimetry as observed at sensor.

Description and Use Units Availability Status
ctral radiance observed at the top of the atmosphere. wmZum? Lovel-18 1-km at nadir; dally - Level-1C; dally Provisional
Spectral radiance and polarimetry observed at the top of the atmosphere, for all sensor Various Level-18 TBO; daily - Level-1C; daily Provisional
viewing angles. -
Spectral radiance and polarimetry observed at the top of the atmosphere, for all sensor Various. Level-18 TBD; daily - Level-1C; dally Provisional

viewing angles.

Additional Info
Levei-1C draft data format and examples

Level-1C draft data format and examples

Level-1C draft data format and examples

Ocean Properties to be Produced by OCI

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

Des:

iption and Use Units Availability Status

Wl-&mnr‘-ﬂnﬂy-mwmt Provisional

s—mcxm color of the ocean in the ultraviolet-to-near infrared spectral range. Used as input
gorithms to retrieve information about colored dissolved organic matter,
y! oplan(mn, non-algal particies, and other aquatic constituents. Provided in continuous

e

5-nm steps from 350 to 717.5-nm with a resolution (bandwidth) of S-nm.

oh

Effective reflectance of the Earth's surface as observed by OCI. Used as an input to unitless 1-km (at nadir), daily - Level-3 spatial Test
nstream ocean data products. Includes inland waters as well as ocean surface ﬁmmmm :
eflectance
An optical water classification index reported as the weighted harmonic mean of visible- nm 1-km at nadir; daily - Level-3 4-km; daily, 8- Test
range Rrs wavelengths (400-700 nm) ‘monthly, annual

s

ctral diffuse attenuation of downwelling irradiance at multiple wavelengths between m 1-km at nadir; daily - Level-3 4-km; daily, 8- Test
350 and 700 nm. Provides indices of water clarity and light penetration. ‘monthly, annual

Spectral absorption coeffi for total bsorptis m?t l-lmlnldrd-ly Level-3 4-km; daily, 8- Provisional
etween 350 and 700-nm. Provides physiology,

and community composition.

multiple wavelengths between 350 and 700-nm. Prowdes information on the
ns of the dissolved of and th (non-algal)
nponent of the particulate assembly.

ctral absorption coefficients for non-algal particulates and dissolved organic matter at m’ ﬁg 1-km at nadir; daily - Level-3 4-km; daily, 8- Provisional

Spectral absorption coefficients for dissolved organic matter at multiple wavelengths m T80 Test
between 350 and 700-nm. Provides information on the concentration of the dissolved
component of organic carbon.

orption spectral slope coefficients of chromophoric dissolved organic manﬂ for multiple = nm" T8D Test
elength ranges: 275-295, 350-400, 380-600 nm. Provides information on the

ontribution of land-derived dissolved organic matter, relative contribution of hnd~ versus
marine-derived dissolved organic matter, and as a relative measure of solar photobleaching.

ctral absorption matter at multiple nm’ T8D Test
een 350 and 700 nm. Pwvldes on the of
particulate components.

ctral absorption coefficients for particulate matter at multiple wavelengths between 350 | nm" TBD Test
700 nm. Provides information on the concentration of particulate matter in the water
column.

Spectral b of the light multiple
vavelengths between 350-700 ni wmmanlnmﬁnnwmdum
in the ocean and a proxy malu(or of particulate carbon concentrations.

Leeel2 L at nadi daly - Lovek3 adem; dall 8- Prvisiona

leaving the surface ocean due to the sun induced chlorophyll fluorescence. Provides | Wm2um ™2 st 1-km at nadir; daily - Level-3 4-km; daily, 8- Test
an indicator of phytoplankton physiology (health?). ‘monthly, annual
1,1
The amount of sunlight that is useful for as the d° 1-km at nadir; daily - Level-3 4-km; daily, 8- Provisional
ctral range, that reaches the surface of the ‘monthly, annual
ight to convert inorganic carbon to organic carbon, PAR pmvues 2 critical parameter for
inderstanding the oceanic carbon cycle.
Near surface of the oigment . Provides oroxies mem’ Level-21 Level-3 4-km: dailv. 8- Provisional

NASA ARSET - Introduction to PACE Hyperspectral Observations for Water Quality Monitoring

Additional Info
ATBD
SAT members: Boss, Zhai, Krotkov, Chowdhary, Stam

In situ measurement protocols

Current product: L2gen; investigating MAIAC (Lyapus

ATBD

ATBD
SAT members: Boss, Stramski, Odermatt

In situ measurement protocols

ATBD

SAT members: Twardowsk, Stramski, Shuchman, Pal
Barnes, Stamnes, Chowdhary

In situ measurement protocols
ATBD
SAT members: Twardowski, Stramski, Barnes, Stamn

In situ measurement protocols
SAT member: Stramski

In situ measurement protocols

SAT member: Stramski

In situ measurement protocols

SAT member: Stramski
In situ measurement protocols

SAT member: Stramskl

In situ measurement protocols

ATBD

SAT members: Twardowsk, Stramsi, Shuchman, Pal
Stamnes, Chowdhary, Zhang, Odermatt

ATBD

SAT member: Westberry
ATBD

SAT member: o5

ATBD
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https://pace.oceansciences.org/data_table.htm

PACE Data Products - What to Know About Sensors

« What You Should Know About PACE Daia

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.

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

OcClI HARP-2 SPEXone
Ocean Color Instrument Hyper Angular Rainbow Spectro-Polarimeter for
Polarimeter Planetary EXploration
OB.DAAC Data processing levels
Level 1A Level-1B Level-1C Level-2 Level-3 Level-4
Raw instrument data and  Calibrated & geolocated Calibrated, geolocated, Derived geophysical Temporally and spatially Geophysical products

21
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PACE Data Products - What to Know About Data Levels

« What You Should Know About PACE Daia

OB.DAAC Data processing levels

Level 1A Level-1B Level-1C Level-2 Level-3 Level-4

Raw instrument data and  Calibrated & geolocated Calibrated, geolocated, Derived geophysical Temporally and spatially Geophysical products

spacecraft telemetry in instrument data and co-registered to a science data products composited (binned and derived from combined

netCDF4 common grid mapped) global products  Level-3 inputs and/or
models

Product maturity levels

Standard Provisional Test Diagnostic
Products are produced by an Results have been reviewed and Results have not yet been reviewed Products that are produced to
algorithm that has community are in family with heritage data by algorithm developers and or may support analysis of algorithm
consensus and have been products or other basis of be known to have substantial errors in behavior, but that are not
validated. expectation, but which have not yet implementation that are under intended for science.

been validated and may still contain investigation.

significant errors.

Known data issues

PACE is already providing high-quality data. However, some issues have to be noted before using it. Some particular bands, influenced by instrument or
atmospheric characteristics, should be avoided for the moment.

Other issues affect the entire dataset, and some events affect data availability. See below for details.
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PACE Data Products - What to Know About Bands

« What You Should Know About PACE Daia

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

HARP2 I
SPEXone !

350 400 500 600 700 800 1,000 1,200 1,500 1,750 2,000
Wavelength (nm)

B Avoid using data Use with caution Safe to use

Issues affecting all bands

Sensor  Processing le.. Product suite.. Issue details
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PACE Data Products - What to Know About Events Affecting Data

« What You Should Know About PACE Daia

. . Filter date range
Events potentially affecting data 512512004 9 812512024
Hover for details. See complete list of events on the OB.DAAC website.

H
Sensor name

PACE
Observatory
SPEXone I ‘

HARP2 I
OcCl l

May 20 May 30 Jun 9 Jun 19 Jun 29 Jul 9 Jul 19 Jul 29 Aug 8 Aug 18 Aug 28

Impact on data (filter)

SWIR bandS miSSing pixels 5 No Data No Impact Reduced Quality

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 OCl's CCD bands. See
for more technical details.
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PACE Data Visualization Examples for Today

Now that you know more about PACE data, you are ready to visualize it.

In the following Jupyter Notebook you will make:

* An Easy Global Chlorophyll-a Map

A Map of the Global Oceans in Quasi True Color
* A Full Rrs Spectra from Global Oceans

« A Water Quality Parameter Map of a Specific Area

NASA ARSET - Introduction to PACE Hyperspectral Observations for Water Quality Monitoring
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Training Summary




PACE Sensors

« PACE data products are available for oceans/estuaries, atmosphere, and land
from PACE-OCI, HARP2, and SPEXone.

« OCI Observations are useful for Water Quality Applications.
« HARP2 and SPEXone will aid in atmospheric correction.

NASA ARSET - Introduction to PACE Hyperspectral Observations for Water Quality Monitoring



PACE Ocean Color Advances and Limitations

Advancements:

Hyperspectral from 315 nm to 825 nm
Spectral resolution of 5 nm bandwidths
for Hyperspectral range

Spectral sampling of 1.25 or 2.5 nm for
Hyperspectral range

(184 bands)

Amazing signal to noise ratio — even for
5 nm bandwidths

High UV sensitfivity from ~340 nm

? Short-Wave Infrared (SWIR) bands for
atmospheric correction

including turbid waters (ocean
sensitive)

Nearly daily global coverage

Limitations:

Spatial resolution of ~1.1 km constrains use
within inland and near-shore waters and
near ice floes

Challenges:

Lack of verified hyperspectral algorithms

Need for more comprehensive
hyperspectral field measurements

NASA ARSET - Introduction to PACE Hyperspectral Observations for Water Quality Monitoring




PACE Ocean Color Data Products, Access, and Analysis

mMultiple Levels of PACE Data:.
. PACE Data Access Landing Page

« Data Access:
« OB.DAAC and Earthdata

« NASA Worldview:

« Useful for near real-time PACE true-color images
and Chlorophyll-a concentration data
visualization.

« SeaDAS:

« Useful for PACE data analysis and visualization.

Product

Spectral top-of-atmosphere radiances from OCI

Spectral top-of-atmosphere radiances and
polarimetry from SPEXone

Spectral top-of-atmosphere radiances and
polarimetry from HARP2.

Product

Spectral remote sensing reflectances

Surface reflectance

Apparent visible wavelength

Spectral diffuse attenuation coefficients

Spectral phytoplankton absorption coefficients

Spectral non-algal particle plus dissolved organic
matter absorption coefficients

Spectral particle backscattering coefficients

Fluorescence line height

Daily photosynthetically available radiation (PAR)

Concentration of chlorophyll-a

Concentration of particulate organic carbon

Concentration of particulate inorganic carbon

Concentration of phytoplankton carbon

NASA ARSET - Introduction to PACE Hyperspectral Observations for Water Quality Monitoring

L2 Suite
NA

NA

L2 Suite

0C_AOP.

SFREFL

oc_aop

oc_lop

oc_iop

oc_iop.

oc_iop

0C_PAR

0oc_8GC

0¢_BGC

0€_BGC

Description and Use

Spectral radi bserved at the top of

Spectral radiance and polarimetry observed at the top of
the atmosphere, for all sensor viewing angles.

Spectral radiance and polarimetry observed at the top of
the atmosphere, for all sensor viewing angles.

Ocean Properties to be Produced by OCI

Units

WmZum?sr!

Various

Various

Availability Status
Level-18 1-km at nadir; daily - Provisional
Level-1G; daily

jonal

Level-18 TBD; daily - Level-1G; daily  Pr

Level-18 TBD; daily - Level-1C; daily  Provisional

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

Description and Use

I ofor.of th i
Used as input int to
bout ?

retrieve
phytoplankton, non-algal particles, and other aquatic
constituents. Provided in continuous 2.5-nm steps from 350
10 717.5-nm with a resolution (bandwidth) of 5-nm.

Effective reflectance of the Earth's surface as observed by
OCI. Used as an input to downstream ocean data products.
Includes inland waters as well as ocean surface reflectance.

An optical water classification index reported as the
f visible-range

(400-700 nm)

Spectral diffuse attenuation of downwelling irradiance at
multiple wavelengths between 350 and 700 nm. Provides
indices of water clarity and light penetration.

Spectral absorption coefficients for total phytoplankton
absorption at multiple wavelengths between 350 and 700-
nm. Provides information on phytoplankton physiology,
abundance, and community composition.

Spectral absorption coefficients for non-algal particulates
and dissolved organic matter at multiple wavelengths
between 350 and 700-nm. Provides information on the
concentrations of the dissolved component of organic
carbon and the detrital (non-algal) component of the
particulate assembly.

Spectral backscattering of the light associated with
particulate material, at multiple wavelengths between 350-
700 nm. Provides an indicator of the concentration of
particules in the ocean and a proxy indicator of particulate
carbon concentrations.

Light leaving the surface ocean due to the sun induced
chlorophyll fluorescence. Provides an indicator of
phytoplankton physiology (health?).

The amount of sunlight that is useful for photosynthesis,

defined here as the 400-700 nm spectral range, that reaches
irfa ‘the ocean over a day. A

require light to convert inorganic carbon to organic carbon,

PAR provides a critical parameter for understanding the

oceanic carbon cycle.

Near surface concentration of the photosynthetic pigment
chlorophyll-a. Provides proxies for algal biomass, ecosystem
health and function, and eutrophication.

Near surface concentration of the particulate organic
carbon. It s a proxy for all living material (phytoplankton,
zaoplankton, bacteria) and detritus. It is alsa a venue
through which organic carbon, sequestered through the

is, is transfered igher trophic levels

and into the deep ocean.

c bon in the surface
of the ocean. Used to track the presence and abundance of
calcite containing phytoplankton in the open ocean
(coceolithophores).

Concentration of carbon contained in phytoplankton cells.
Provides a proxy for phytaplankton biomass that is often
used in primary productivity algorithms and biogeochemical
and Earth System models.

Units

unitless

Wm?um?set

Einsteins m™ d

mgm?

mgm?

mol m?

mgm?

Availability Status
Level-2 1-km at nadir; daily - Level-  Provisional
3 4-km; daly, 8-day, monthly,
annual
Level-2 1-km (at nadir), daily - Test
spatial resolution TBD;
daily, 8-day, monthly
Level-2 1-km at nadir; daily - Level: ~ Test
3 4-km; daily, 8-day, monthly,
annual
Level-2 1-km at nadir; daily - Level-  Test
3 4-km; daily, 8-day, monthly,
annual

Level-2 1-km at nadir; daily - Level-  Provisional
34-km; daily, 8-day, monthly,
annual

Level-2 1-km at nadir; dally - Level-  Provisional
3 4-km; daily, 8-day, monthly,
annual

Level-2 1-km at nadir; daily - Level:  Provisional
ithv:: daily, 8-day, monthly,
annual

Level-2 1-km at nadir; daily - Level:  Test
3 4-km; daily, 8-day, monthly,
annual
Level-2 1-km at nadir; daily - Provisional
3 4-km; daily, 8-day, monthly,

annual

Level-2 1-km at nadir; daily - Level- Provisional
g dahzan, monthly,

Level-2 1-km at nadir; daily - Level- ~ Test
3 4-km; daily, 8-day, monthly,
annual

Level-2 1-km at nadir; daily - Level- ~ Test
3 4-km; daily, 8-day, monthly,
annual

1-km at naciir; daily - Level: ~ Test
3 4-km; daly, 8-day, monthly,
annual

Additional Info

Level-1C draft data format and examples

Level-1C draft data format and examples

Level-1C draft data format and examples

Additional Info

ATBD.

SAT members: Boss, Zhai, Krotkov, Chowdhary,
Stamnes, Zhang

In situ measurement protocols

Current product: L2gen; investigating MAIAC
(Lyapustin) and ISOFIT

ATBD

ATBD
SAT members: Boss, Stramski, Odermatt

In situ measurement protocols

ATBD

SAT members: Twardowski, Stramski, Shuchman,
Pahlevan, Siegel, Barnes, Stamnes, Chowdhary

In situ measurement protocols

ATBD

SAT members: Twardowsk, Stramski, Barnes,
Stamnes, Chowdhary

In situ measurement protocols

ATBD

SAT members: Twardowsk, Stramski, Shuchman,
Pahlevan, Barnes, Stamnes, Chowdhary, Zhang,
Odermatt

ATBD

SAT member: Westberry

ATBD.
SAT member: Boss

ATBD

SAT members:
Gaube, Shuchman, Siegel, Pahlevan, Zhai,
Chowdhary, Odermatt

Insitu measurement protocols

ATBD

In situ measurement protocals

ATBD.

SAT member: Westberry
ATBD
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https://pace.oceansciences.org/access_pace_data.htm
https://oceancolor.gsfc.nasa.gov/data/overview/
https://www.earthdata.nasa.gov/
https://worldview.earthdata.nasa.gov/

PACE Ocean Color Data Access using Python/Jupyter Notebooks

« PACE data are located on an Amazon Web Service (AWS) Cloud Data Storage (S3) Buckets.

« Overview of Python libraries for data search, download, and visualization, and stream data
from Earthdata Cloud using:

— earthdata_cloud_access.jp
— ARSET_PACE_visualization.jp
« Software and sample data files used in the training are available from the training webpage.

NASA ARSET - Introduction to PACE Hyperspectral Observations for Water Quality Monitoring



Homework and Certificates

« Homework:
— One homework assignment
— Opens on 2/10/2024
— Access from the training webpage
— Answers must be submitted via Google Forms
— Due by 24/10/2024

« Cerlificate of Completion:
— Attend all three live webinars (attendance is recorded automatically)
— Complete the homework assignment by the deadline

— You Wwill receive a certificate via email approximately two months after completion of the
course.

NASA ARSET - Introduction to PACE Hyperspectral Observations for Water Quality Monitoring 32 .


https://appliedsciences.nasa.gov/get-involved/training/english/arset-introduction-plankton-aerosol-cloud-ocean-ecosystem-pace

Contact Information

Trainers:

Antonio Mannino
— Antonio.mannino-1@nasa.gov

Morgaine McKibben
— morgaine.mckibben@nasa.gov

Anna Windle
— anna.windledipaola@nasa.gov

Carina Poulin

— caringa.poulin@nasa.gov
Amita Mehta

—  Amita.v.mehta@nasa.gov

ARSET Website

Follow us on Twitter!
— @NASAARSET

ARSET YouTube

Visit our Sister Programes:
« DEVELOP
« SERVIR

NASA ARSET - Introduction to PACE Hyperspectral Observations for Water Quality Monitoring



mailto:morgaine.mckibben@nasa.gov
mailto:carina.poulin@nasa.gov
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset
https://twitter.com/NASAARSET?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
https://www.youtube.com/user/NASAgovVideo/playlists
https://appliedsciences.nasa.gov/what-we-do/capacity-building/develop
https://www.nasa.gov/mission_pages/servir/index.html

Acronyms

* CICS: Coastal Zone Color Scanner Experiment

*  EMIT: Earth Surface Mineral Dust Source Investigation

°*  EnMAP: Environmental Mapping and Analysis Program

°* EO-1: Earth Observing One Satellite

°* HARP2: Hyper-Angular Rainbow Polarimeter-2

* HICO: Hyperspectral Imager for the Coastal Ocean

°*  MODIS: Moderate Resolution Imaging Spectroradiometer
* OCI: Ocean Color Instrument

* PACE: Plankton, Aerosol, Cloud, and ocean Ecosystem

* PRISMA: PRecursore IperSpettrale della Missione Applicativa
*  SeaDAS: Seaq, Earth, and Atmosphere Data Analysis System
* SeaWiFS: Sea-Viewing Wide Field-of-View Sensor

* SPEXone: Spectro-Polarimeter for Planetary Exploration

* VIIRS: Visible Infrared Imaging Radiometer Suite

NASA ARSET - Introduction to PACE Hyperspectral Observations for Water Quality Monitoring




Resources

« OBPG Tutorials and Data Recipes

— OCI File Structure Notebook

— OCSSW Tools Notebook

— HARP2 Data Visudlizations Notebook
« PACE Hackweek Website
« SeaDAS

NASA ARSET - Intfroduction to PACE Hyperspectral Observations for Water Quality Monitoring


https://oceancolor.gsfc.nasa.gov/resources/docs/tutorials/
https://oceancolor.gsfc.nasa.gov/resources/docs/tutorials/notebooks/oci-file-structure/
https://oceancolor.gsfc.nasa.gov/resources/docs/tutorials/notebooks/oci-ocssw-processing/
https://oceancolor.gsfc.nasa.gov/resources/docs/tutorials/notebooks/harp2-basic-visualizations/
https://pacehackweek.github.io/pace-2024/
https://seadas.gsfc.nasa.gov/

Thank Youl!

h NASA ARSET - Introduction to PACE Hyperspectral Observations for Water Quality Monitoring
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