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Overview

1. Context

2. Main objectives

3. Toolkit features

4. Demo (if time permits)
5. Q&A



Context: Hyperspectral satellites / sensors (not exhaustive)

EO-1 Hyperion (NASA): 2000-2017
HySIS (ISRO). 2018-present

ISS DESIS (DLR): 2018-present

PRISMA (ASI): 2019-present

EnMap (DLR): 2022-present

1SS EMIT (NASA): 2022-present

GHOSt (Orbital Sidekick): 2023-present
Resurs-P (ROSCOSMOYS): 2024-present
PACE OCI (NASA): 2024-present
Tanager-1 (Planet): 2024-present

also see: hitps:

Hyperion (~May 2001-March 2017)

o 30mres./ondemand /224
bands /427-2,396 nm

EMIT (~Aug. 2022 - present)

o o60mres./ondemand /285
bands /381-2,493 nm

PACE OCI (March 2024 - present)

o 1.2kmres./DAILY global /122
bands / 346-2,258 nm
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PACE products span the aquatic, atmospheric & terrestrial domains PACE NASA

Topic of today: Terrestrial observations from OCI only. Polarimeter products to come....

"Ocean & large inland waters W ol - Land | ¢ ol

* Spectral Remote Sensing * Aerosol size distribution** Spectral Surface Reflectance
Reflectance

* Aerosol absorption** Normalized Difference
: Vegetation Index (NDVI)
* Spectral aerosol optical

depth Photochemical Reflective

- Index (PRI)
* Aerosol complex refractive
* Phytoplankton community index Aerosol optical depth in the

* Spectral Particulate
Absorption & Backscatter
parameters

composition « Aerosol layer height near infrared
. Spectra’ Kg (attenuation) " BRDF/albedO and model
Cloud Mask parameters **
* Net Primary Production** .

Optical thickness of liquid

: Modified Anthocyanin
* Particulate Organic Carbon and ice clouds Reflectance Index (mARI)

. E < DATA PRODUCT TABLE https://pace.oceansciences.org/data_table.htm
Live, up-to-date list of all currently available and future PACE data products. More added over time.

Not all products shown above are available yet. See PACE Data Product Table for the latest. source: M. McKibben. 2025
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Main objectives (Why a Toolkit?)

1.

Support application of PACE OCI land data by integrating data
into the widely used Google Earth Engine (GEE) platform

— PACE data are big; GEE facilitates work w/ big Earth data
— GEE facilitates comparisons w/ other data (e.g., EMIT, GEDI, MODIS, etc.)

. Provide basic tools for interacting with that PACE data

— because just having the data isn't enough

— give prospective users a head start

source: NASA



w Google Earth Engine

Scripts

Foybood Madowts | macey OT903 MAZA | 536 15 Sed | 7908

https.//code.earthengine.google.com/?scriptPath=users%2Fservirbz%2Fpace_oci%3A02_data_viz%Z2Fviz_pace_oci_10km_monthly _globe



https://code.earthengine.google.com/?scriptPath=users%2Fservirbz%2Fpace_oci%3A02_data_viz%2Fviz_pace_oci_10km_monthly_globe

How: Pipeline for ingesting prov. PACE OCl land data into GEE

Processing on desktop

Surface
reflectance §
PACE OCI . | Download .NC Export to GeoTIF
data in ——»| data fo desktop |——»| w/SeaDASor |——» Uﬂg;ﬁfg"ég‘c
DAAC . | via L3 browser SNAF
Vegetation
indices : l
Generation of Data rescaling Removal of no
o | /mage from float to 16bit[ " data values
Processingin collections
cloud (GEE) :
A
hJ Y Y
Pﬁ:t'; %E' Make processed Internal QA/QC | Composite VI | | ¢ fﬁ;ififgig
GEE data public review data Vis




most recent image
EQ=1 Hyperion
0032892

Toolkit features (What) % GoogeEarinEngine @ s | 1ol ot s
ST ocs Assess :

~ users/servirbz/pace_oci -
» 00_temp b ["2003-07-017, "2003-07-17", " 2008 -08-83" |

~ 01_data_discovery

e |Data discovery W countImages._oL.nssa.yper.f.9u.. st recent. inage

I count_images__ali_nasa_hyper_us_alh_ 155 EMIT
& count_images__all_nasa_hyper_us_ca_. Hoz4-18-12
. . . & count_images._pace._oct us_al_hsv
e Data visualization Y
ldsplay_!oo‘lpﬂms.hypefmgw total number of images
v 00 data vl 155 EMIT
o Viewing images g )

& viz_pace_ocl_01km_dally_mes
& viz_pace_oci_0dkm_monthly_conus

List (5 elements)

o Viewing spectral signatures I viz_pace. ocl_O4km_monthly_mes
&P & IvtLpaoe_ocl_louanomhg_gbbe most recent image
* 03.spectral_signatures PACE OCI - 5A
: : : » iss_emit 2025 -08-30
e Time series analysis O R P e
I spectral_sigs_pace_oci_bz_chéquibul total nusber of images
& specteal_sigs_pace_oci_bz_mpe PACE OCT - SR

i W spectralsigs_pace_oci_bznatl 15
e Gap-filling it o ik e 3
& specral_sigs_pace_oci_us_al_hsv_mon. , _—
.W-S‘QS.NCC_OCLW.CMGKJII’Q List (16 & fits)
~ 04_data_gap_filling

e Image classification b homancs. wost recent insge

& harmonics_2 PACE OCI = EVI
e mu_blend_1 2025 -06-17
I mt_blend_2
~ 05_time_series
W ts_sr_vi_bz_natl total nusber of images
B 1s_vi_bz natl PACE OCT - EVI
B 15_vi_us_al_hsv_monte_sano a
~ 06_classification
I example_classif_unsupervised_sr_mes.. rList (68 elements)

& example_classif_unsupervised_sr_mes..




Toolkit features

e Data discovery

Data visualization

O

O

Viewing images

Viewing spectral signatures

Time series analysis

Gap-filling

Image classification




MODIS {4km) - quibul forest, Belize

Toolkit features

Refloctanco x 10,000

e Data discovery

e [Data visualization

o Viewing images

o | Viewing spectral signatures

e Time series analysis

e Gap-filling

Reflectance x 10,000

e Image classification




Toolkit features

e Data discovery

PACI OC1 - Vis - Monie Sano, AL
£0,000

e Data visualization -
o Viewing images w:
o Viewing spectralsignatures§ :Z
e | Time series analysis B (238 ik i R i 1 1 e s a2

e Gap-filling oo

Aprk 2024 % Ane 2024 M B August 2024 2  Ocloter 2024 28 December 2024 0 Febouary 2025 3 AMRI0ZS 28 12 X6

1333802888

e Image classification



Google EarthEngine  Q  seasch piaces ang aaasers

Toolkit features

e Data discovery

e Data visualization
o Viewing images
o Viewing spectral signatures

e Time series analysis

e Gap-filling

e | Image classification




Dependency packages

1: Miscellaneous hyperspectral functions

e PACE OCI (v3) wavelengths [122 bands]

e Vegetation index (VI) equations
o  Equations for PACE Land VlIs
o Equations for additional Vs (e.g. NBR)

e Band combinations for visualizations

2: Data loader

e Surface reflectance data - monthly only
CONUS (4km)
Mesoamerica (1.2 km + 2 km select scenes)
Mesoamerica (4km)

o Global (0.1 degree)
e VIs-8day(8D)

o  Global (4km)

e VIs-Monthly
o  Global (4km)

3: Sample site locations

e [Mesoamerica
e USA

o O O


https://code.earthengine.google.com/?scriptPath=users%2Fbzgeo%2Fhyperspectral_toolkit%3A00_pkg%2Femit_hyperion_pace
https://code.earthengine.google.com/?scriptPath=users%2Fbzgeo%2Fhyperspectral_toolkit%3A00_pkg%2Fref_data_pace_oci
https://code.earthengine.google.com/?scriptPath=users%2Fbzgeo%2Fhyperspectral_toolkit%3A00_pkg%2Fsample_sites

Data loader package: PACE OCl| data loaded into GEE

Surface reflectance (SR) data [122 bands]

Global 0.1 degree monthly

O

16* months (Mar 2024 - June 2025)x 1.2 GB

CONUS 4km monthly

O

15 mts x 204 MB

Mesoamerica 4km monthly

O

15 mts x 68 MB

Mesoamerica 1.2 km daily [select scenes]

O

5scenes x 300 MB

Land Vegetation Index (VI) data
e (Global 8D (7 of 10 VIs)
o  60* periods x 7 VIsx 15 MB

e Global monthly (all 10 VIs)

o 15* mts x 340 MB

Updating of data:
e Vidata is being updated every 8 days
e V/+ SRdatais being updated monthly
e Select 1.2 km uploaded as appropriate
e Plans to integrate 2 km data as available



@ DEMO

m) hit.ly/gee repo_pace_oci



http://bit.ly/gee_repo_pace_oci
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PACE land data.
Now what?

Development in progress!

bit.ly/gee_repo_pace_oci
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Additional resources

PACE Google Earth Engine
e Mission: https:/pace.oceansciences.org e Tutorials: https://developers.google.com/earth-

engine/tutorials/tutorials

° ' jon: o
Overview presentation: o  Tutorial videos:

https://pace.oceansciences.org/docs/2025 Mttos: .
: : ttps://d I . le. /earth
04_15a-PACE_Overview-McKibben pdf engnefutorialshineos

e PACE Land data User Group (PLUG): e GEE book: https://www .eefabook.org
https://pace.oceansciences.org/event_archi
ve/landDataUserGroup.htm e Public data catalog;
https://developers.google.com/earth-
o levwl3&4 brovvser:. engine/datasets
- 4 . i e e Community data catalog: hitps://gee-community-
e NAGSA Earth Data: catalog.org
https://search h N v/search e GEE Developers group:
e NASA EOSDIS.VVorId\/ieVV: . -

https://worldview.earthdata.nasa.gov
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