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PACE SAT III: Fresh and coastal water product refinement and extension for PACE

TOA reflectance
Satellite Measurement

Module II & III:
Inverse Modeling

Rrs → IOPs & BPs

Dr. Ryan O’Shea

Chlorophyll [mg m-3]

Module I:
Atmospheric Correction 

TOA → Rrs

Dr. Akash Ashapure

Rrs (560) [sr-1]

Module IV:
Uncertainty Products

Rrs, BPs, IOPs → Uncertainty

Dr. Arun Saranathan

Chlorophyll [mg m-3]

Objectives: 
I. Improve the quality and utility of OCI-derived Rrs spectra in optically complex inland and coastal waters
II. Utilize a novel physics-informed MDN model to enhance the quality of global WQ products for inland and coastal waters.
III. Develop high-quality global phytoplankton community composition maps comprised of phytoplankton size classes and types.
IV. Produce, calibrate, and validate MDN-generated pixel-level uncertainties for our products obtained in Modules I and II.  

→ PCC
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PACE SAT III, Module I: Atmospheric correction for inland and coastal waters

Objective: Improve the quality and utility of OCI-derived Rrs spectra in optically complex waters and atmospheres via a 

dedicated MDN model to compensate for the confounding impacts of aerosol contribution.  
Zhai, P.-W., et al. 2010. A vector radiative transfer model for coupled atmosphere and ocean systems with a rough interface. Journal of Quantitative Spectroscopy and Radiative Transfer.
Ashapure et al. (submitted, Frontiers). AQUAVERSE: A Machine Learning-Based Atmospheric Correction Framework for Inland and Coastal Waters



PACE SAT III Module I: Preliminary atmospheric correction results

AERONET data provided by Rejane S. Paulino In situ data provided by Deepak Mishra’s lab
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AERONET Resampled Matchups

PACE Image of Lake Erie (5/31/2024)



PACE SAT III, Modules II & III: Physics-informed BP, IOP, and PCC inversion for inland and coastal waters

Objective:
• Utilize a novel physics-informed MDN model to enhance the full suite of global WQ products (e.g., Chla, Zsd) and hyperspectral IOPs products (Module II). 
• Develop high-quality global phytoplankton community composition maps (Module IV) comprised of phytoplankton size classes and types to expand the 

applicability of our OCI products for fisheries operations and HAB monitoring.  

O'Shea R. E., N. Pahlevan, B. Smith, Boss, E., Gurlin, D., Alikas, K., Kangro, K., Kudela, R. M.,  (2023). A hyperspectral inversion framework for estimating absorbing inherent optical properties and biogeochemical parameters in inland and coastal waters, Remote Sensing of Environment.



MDN tutorials

Module II Current Status: Aquaverse(AQV) Inversion & uncertainty products from PACE SAT II 

Chlorophyll [mg m-3]

PC [mg m-3]

TSS [g m-3] ad(440) [m-1]

aph(620) [m-1]

ag(440) [m-1]
PACE Image of Lake Erie (5/31/2024)

Chlorophyll-a Uncertainty

Chlorophyll-a Retrievals



Input Distribution

PACE SAT III, Module IV: Total uncertainty production via Monte Carlo Simulation

Sample Generation

Rrs MDN
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Sample Generation

BP & IOP 
MDN

(Module II)
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Chlorophyll-a [mg m-3]

Chlorophyll-a [mg m-3]

Extract Model Estimate 
& Uncertainty (Rrs)

Extract Model Estimate & 
Uncertainty (BPs & IOPs)

Chlorophyll-a [mg m-3]

Objective: Produce, calibrate, and validate MDN-generated pixel-level uncertainties for our products obtained in Modules I and II.  
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PACE SAT III: Fresh and coastal water product refinement & extension for PACE

Module II & IV:
Inverse Modeling

Rrs → IOPs & BPs →  PCC

Dr. Ryan O’Shea

Chlorophyll [mg m-3]

Module I:
Atmospheric Correction 

TOA → Rrs

Dr. Akash Ashapure

Rrs (560) [sr-1]

Module III:
Uncertainty Products

Rrs, BPs, IOPs → Uncertainty

Dr. Arun Saranathan

Chlorophyll [mg m-3]

MDN tutorials
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