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Background:

Université de Sherbrooke, Québec, Canada

 -B.Sc. – Ecology, internships for Parks Canada

 -M.Env. – Impact of light pollution on cyanobacteria

 -Ph.D. Remote Sensing – Optical properties of 
phytoplankton cultures

Postdoc University of Southern Mississippi – Stennis 
Space Center – Plankton optics

Postdoc Florida Atlantic University – Bioluminescence







PACE comes after a long legacy of Earth observatories



SPEXone
380-770 nm in 2-4 nm steps
5 viewing angles
narrow swath polarimeter; 2.5 km

HARP2
440, 550, 670, 870 nm
10-60 viewing angles
wide swath polarimeter; 3 km

OCI
340-890 nm in 2.5 nm steps
7 discrete SWIR: 940-2260 nm
1-2 day coverage; ±20° tilt; 1km

PACE fills niches not currently 

addressed at home or abroad

Moving from multi- to hyper-spectral 

UV & two 2-m bands realize 
atmospheric improvements over 
heritage instruments

Multi-angle polarimetry adds 
dimensions of information

Tilt is essential for capturing marine 

system dynamics

PACE 
INSTRUMENTS

direction of flight

NASA’S PACE MISSION: CONTRIBUTING TO OUR NATION’S OCEAN ECONOMY



PACE-OCI takes hyperspectral measurements



‣ Only PACE provides global, hyperspectral 
coverage of the oceans, atmosphere, and 
land every 1-2 days, plus hyperspectral & 
hyperangular polarimetry

PACE: COMPREHENSIVE 

EARTH SYSTEM OBSERVATORY

Plant growth

Identifying wildfire smoke 
(blues) and dust (reds) 

High resolution nitrogen 
dioxide over highways

Plankton Aerosol Cloud ocean Ecosystem

Harmful algal blooms 
Locating a Louisiana coast 
harmful algal bloom 



Top-of-Atmosphere Radiance

Atmospheric Contribution

Oceanic contribution

Water-leaving Radiance

PACE DATA PRODUCTS

ATMOSPHERIC
OCEAN COLOR



Cloud optical depth
Cloud height
Cloud thickness

Aerosol optical depth
Aerosol heights and layers

Oil slick detection

Ocean reflectance
Whitecap fraction

Angular light distributions

Cloud phase (liquid/ice)
Droplet size distributions
Ice crystal shapes

Aerosol absorption
Aerosol size distributions

Concentrations of 
brown/black carbon

PACE DATA PRODUCTS

ATMOSPHERIC



PAR: 
photosynthetically 
available radiation

Light penetration
Angular light distributions
Index of refraction

Bathymetry 
classifications

Light transmission
Absorption properties
Scattering properties

Land albedo
Vegetation indices

Photosynthetic pigments
Fluorescence
Plankton communities

Particulate carbon
Suspended matter

PACE DATA PRODUCTS

OCEAN COLOR





PACE Launch Feb. 8th 2024 1:33 AM EST 
Space Launch Complex 40 at Cape Canaveral Space Force Station Space in Florida

PACE Hawaiian shirts



First Light Image



PACE RGB Imagery



RETRIEVING TRACE GASES IN HIGH RESOLUTION

• Ground-breaking, high spatial resolution NO2 

retrievals from PACE OCI reveal finer-scale details of 

NO2 sources, such as vehicular emissions and power 

plants, compared to TROPOMI & TEMPO

• Enabled by neural network training with TROPOMI data

NO2 column (molecules cm-2)

10 16

3 104 85 6

TROPOMI PACE-OCI

WILL ENHANCE LOCAL AIR QUALITY MONITORING 

AND IMPROVE REGIONAL CHEMISTRY MODELING



PACE’s vegetation indices provide first-
ever simultaneous information from space 
about vegetation type, health status, 
productivity and leaf area.                           

Only PACE can provide this 
information globally, every 1-2 days.

#9: SIMULTANEOUSLY RETRIEVING 10 VEGETATION INDICES

UNPRECEDENTED WAY TO MONITOR 
GLOBAL FOREST SEASONAL CHANGES



Monthly Gross Primary Productivity

March – November 2024

PACE GPP product is uniquely calculated with 

PACE’s spectral reflectance alone

• SUPPORTS AGRIGULTURE AND FORESTRY 

APPLICATIONS BY INDEPENDENTLY DESCRIBING 

GLOBAL SEASONAL AND TRANSIENT VARIABILITY IN 

TERRESTRIAL PRODUCTIVITY

2024

ESTIMATING TERRESTRIAL GROSS PRIMARY PRODUCTION (GPP)



PHYTOPLANKTON ARE AT THE 

BASE OF THE OCEAN FOOD CHAIN 

AND FEED OUR FISHERIES

IDENTIFYING BENEFICIAL PHYTOPLANKTON COMMUNITIES

Unique, new satellite phytoplankton identification 

algorithms enabled by OCI’s hyperspectral capabilities

Dinoflagellates Diatoms Cyanobacteria

• Atlantic cyanobacteria (Prochlorococcus, 

Synechococcus) (MOANA)

• Atlantic picoeukaryotes (MOANA)

• Diatoms (Chase et al.)

• Gulf Coast phytoplankton (Liu et al.)



PACE can uniquely 

identify the NUISANCE 

and TOXIC ALGAE 

within a larger 

plankton bloom

IDENTIFYING HARMFUL PHYTOPLANKTON COMMUNITIES

SARGASSUM is now better detected 

from space thanks to OCI’s global 

coverage and hyperspectral and 

SWIR capabilities

2014-15 Sargassum 

Inundation Event 

(Wynne 2017)

Sargassum causes 

infrastructure damage, 

resulting in fishery and 

major tourism losses



RETRIEVING NOVEL CLOUD PROPERTIES

Ship track identification in clouds

Offers insight into the impact of aerosols on 

clouds and Earth’s energy balance

Cloud type classification

Clusters

0           1            2           3          4           5    

FIRST EVER OBSERVATION OF 

VARIABILITY OF CLOUD DROPLET SIZE 
Cloud droplet effective variance

0.005                     0.05                         0.4



RETRIEVING NOVEL ATMOSPHERIC AEROSOL PROPERTIES

PACE allows identification of aerosols

All three of PACE’s instruments inform on 

atmospheric aerosol size, shape, and composition

PROVIDES CRITICAL ROUTINE, GLOBAL 

OBSERVATION OF AEROSOL SPECIATION  



EXPLOITING THE ANGULAR NATURE OF OUR POLARIMETERS

PACE’s unique angular polarimetry allows us to 

study the 3D structure of clouds

Surface wind speed (m/s)

0 157.5

SPEXone, Summer 2024

It also enables unique measurements 

of wind speed, on spatial scales 

smaller than previously available

3D cloud structure
(Altitude exaggerated 12x)

May 30, 2025



PACE Communications
briefly, in no particular order



• Comprehensive learning approach 

• Multi-instrument focus

• Open science

• Revolutionary cloud access

• Kickstarting research 

PACE HACKWEEKS

EMPOWERING DATA USERS WITH CUTTING-EDGE TOOLS



NASA’S PACE MISSION

HELP HUB – OUR RESOURCES REACHING MORE PEOPLE



NASA’S PACE MISSION

HELP HUB – OUR RESOURCES REACHING MORE PEOPLE



• Neural network (NN) was trained to reconstruct the 3D cloud structure using POLDER multi-angle polarimeter (MAP) 
observations based on coincident CloudSat radar data. 

• This multi-sensor machine learning paradigm enables the extension of active sensor products to the wide swath of 
MAPs, advancing our understanding of 3D cloud properties & 3D radiative transfer, improving aviation and weather 
modeling applications and more.

NEW PUBLICATION: RECONSTRUCTING CLOUDS IN 3D WITH MULTI-ANGULAR POLARIMETRY 

TRUTH

PREDICTION

Foley, S. R. et al. (2025), 3D cloud masking across a broad swath using multi-angle polarimetry and deep learning. 
DOI: 10.5194/amt-17-7027-2024

Ground truth CloudSat radar profiles (top) and model predictions (bottom)
Figure from Foley et al. 2024

Sean Foley, NASA GSFC/SSAI





Magic Eye Stereograms 

•Position your face very close to the screen

•Relax your eyes as if you're looking at something far in 

the distance

•Slowly move your head backward 

•Be patient. This can take 30-60 seconds of practice to 

achieve



Communications: pace.oceansciences.org

https://pace.oceansciences.org/


Communications : PACE observatory in Augmented Reality 



Communications : US Marine Band performance

https://www.youtube.com/watch?v=NtVh5CvIG4I


Communications : Conversation with Alex Honnold



2026 NASA Science Calendar



PACE, OCI, HARP2 and SPEXone technical posters



Travel-style posters for clouds, ocean, aerosols and land 



Communications : Plankton



science.nasa.gov/eclips/videos



mynasadata.larc.nasa.gov – Explore PACE data and make easy visualizations



Communications : Plankton wheel

https://pace.oceansciences.org/learn-more.cgi?id=1


Communications : NASA SVS videos – Phyto Phyters



Communications : SVS videos – Phyto Phyters



Communications : Traveling Immersive Experience
Wave: from space to ocean, premiered at the Kennedy Center in Washington, DC.

https://www.kennedy-center.org/whats-on/explore-by-genre/exhibits/2024-2025/wave-from-space-to-ocean/


Communications : PACE-PAX Field validation campaign

Simultaneous measurements 
by plane, boat and satellite

https://pace.oceansciences.org/pace-pax.htm
https://pace.oceansciences.org/pace-pax.htm
https://pace.oceansciences.org/pace-pax.htm


A screenshot of a map

AI-generated content may be incorrect.

Email pace-community-request@lists.nasa.gov
with "subscribe" in the subject

Stay connected! Subscribe to the PACE Community Newsletter

https://pace.oceansciences.org/documents.htm?id=newsletter
mailto:pace-community-request@lists.nasa.gov
mailto:pace-community-request@lists.nasa.gov
mailto:pace-community-request@lists.nasa.gov
mailto:pace-community-request@lists.nasa.gov
mailto:pace-community-request@lists.nasa.gov


Links for PACE resources
Numerous Storymaps that teach about many different subjects:

https://pace.oceansciences.org/gallery.htm?id=storymap

Here is our video gallery:

https://pace.oceansciences.org/gallery.htm?id=video

A card matching game about PACE and the color spectrum:

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

Build your own PACE satellite

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

Ocean color wheel

https://pace.oceansciences.org/learn-more.cgi?id=1

What phytoplankton are you?

https://pace.oceansciences.org/phyto_quiz.cgi

PACE and phytolankton in augmented reality:

https://pace.oceansciences.org/pace-ar.html

Shedding light on PACE

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

Aerosol quiz

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

Here are some visuals, mostly from NASA’s Scientific Visualization Studio:

Various PACE visuals:

https://svs.gsfc.nasa.gov/14518/

PACE Makes the invisible visible:

https://svs.gsfc.nasa.gov/14600/

The insanely important world of phytoplankton:

https://svs.gsfc.nasa.gov/14361/

True color vs false color

https://svs.gsfc.nasa.gov/14579/
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https://pace.oceansciences.org/learn-more.cgi?id=1
https://pace.oceansciences.org/learn-more.cgi?id=1
https://pace.oceansciences.org/phyto_quiz.cgi
https://pace.oceansciences.org/pace-ar.html
https://pace.oceansciences.org/pace-ar.html
https://pace.oceansciences.org/pace-ar.html
https://pace.oceansciences.org/pace-ar.html
https://pace.oceansciences.org/pace-ar.html
https://pace.oceansciences.org/whatispace_main.htm
https://pace.oceansciences.org/aerosol_quiz.htm
https://svs.gsfc.nasa.gov/14518/
https://svs.gsfc.nasa.gov/14600/
https://svs.gsfc.nasa.gov/14361/
https://svs.gsfc.nasa.gov/14579/


Ocean currents:

https://svs.gsfc.nasa.gov/5425

Harmful algal blooms:

https://svs.gsfc.nasa.gov/14648/

PACE polarimetry:

https://svs.gsfc.nasa.gov/5177/

PACE image gallery (the images on the first page of the gallery are all from 
PACE, previous images are from other sensors. The sensor is named in the 
image descriptions) : https://oceancolor.gsfc.nasa.gov/gallery/

From NASA SVS:

Real-time global biosphere:

https://svs.gsfc.nasa.gov/5075/

PACE orbit with swaths and instrument fields of view:

https://svs.gsfc.nasa.gov/5019/

From PACE data to image

https://svs.gsfc.nasa.gov/14579/

Links for PACE resources
Darwin Model of Ocean Microbes Updated:

https://svs.gsfc.nasa.gov/4977/

Ocean Surface CO2 Flux with Surface Winds:

https://svs.gsfc.nasa.gov/4873/

Earth: A System of Systems (updated)

https://svs.gsfc.nasa.gov/31139/

PACE - Studying Plankton, Aerosols, Clouds, and the Ocean Ecosystem

https://svs.gsfc.nasa.gov/4700/

Global Views of PACE Land Vegetation Data

https://svs.gsfc.nasa.gov/5548/

Leaf Year: Seeing Plants in Hyperspectral Color

https://svs.gsfc.nasa.gov/14850/

PACE Scientists Take to the Sea and Air (and Really High Air)

https://svs.gsfc.nasa.gov/14723/
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US Marine Band Performance:

https://www.youtube.com/watch?v=NtVh5CvIG4I

Full PACE Fanfare by the US Marine Band

https://www.youtube.com/watch?v=96W6Vqaf3KA

Alex Honnold’s conversation about PACE with Ivona Cetinic
https://svs.gsfc.nasa.gov/14514/

NASA eClips Educational content: 

Our World: Phytoplankton – Powering the Ocean Food Web

https://science.nasa.gov/eclips/videos/phytoplankton-powering-the-ocean-food-web/

Real World: Phytoplankton, Microscopic Drifters

https://science.nasa.gov/eclips/videos/phytoplankton-microscopic-drifters/

Ask SME: Oceanographer Dr. Ivona Cetinić

https://science.nasa.gov/eclips/videos/oceanographer-dr-ivona-cetinic/

Archive of PACE Newsletters

https://pace.oceansciences.org/documents.htm?id=newsletter

Leaf peeping with PACE

https://svs.gsfc.nasa.gov/14769/#media_group_377191

Conoce a PACE (Spanish)

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

PACE travel posters

https://pace.oceansciences.org/blog.htm?id=33

Help Hub:

https://nasa.github.io/oceandata-notebooks/

SVS Overview of PACE

https://svs.gsfc.nasa.gov/5599/

Links for PACE resources
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Thank you!

Jeremy Werdell, Morgaine McKibben, Sara Blumberg, Ivona Cetinic, Norman Kuring, Meng Gao, 

Chamara Rajapakshe, Skye Caplan, Fred Huemmrich, Sean Foley, Inia Soto Ramos, Bingqing Liu, 

Zach Fasnacht, Annette deCharon, Gary Davis, Jenny Mottar, Ryan Fitzgibbons and the NASA SVS 

team, the WAVE creative team, the PACE-PAX team, the Help Hub team and all of the PACE and 

OB.DAAC teams!

Questions or ideas? carina.poulin@nasa.gov
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