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Motivations

• Conduct simultaneous aerosol and ocean 
property retrieval based on PACE MAP 
(HARP2) data. 

• Facilitate future synergy on HARP2+ OCI
• Use HARP2 aerosol to assist OCI atmospheric 

correction (tested with RSP+ SPEX, Gao et al 
AMT 2019)

• Use OCI SWIR band to help HARP2 coarse 
model aerosol retrievals (tested with AirHARP 
+ RSP SWIR)

• Tackle the computational challenges to 
process the wide-swath MAP data. 

PACE orbits, Werdell et al, BAMS (2019)



Retrieval algorithm structure (FastMAPOL)
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NN: Neural network
AD: Automatic Differentiation



Progress for 2020-2021 (FastMAPOL)
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Develop an efficient MAP retrieval algorithm (FastMAPOL): 
• Neural network forward model and Jacobians (Gao et al, AMT 2021)
• Adaptive multi-angle data mask to screen cirrus cloud, etc (Frontiers, 2021)
• Atmospheric correction and BRDF correction to derive ocean color (AMT 2021)



Progress for 2021-2022 (FastMAPOL)
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Focus on uncertainty analysis 
• Monte Carlo approach to assess error propagation uncertainty (Gao et al, AMT 2022 )
• Uncertainty model including angular correlation (AMT 2022, preprint)



Current work (FastMAPOL)
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Develop a production version of the code for PACE
• Simulate global HARP2 L1C data over ocean (DITL: March 21, 2023)
• DITL L2 retrieval and uncertainty analysis



PACE HARP2 L1C simulated data (over ocean)

• Simulations:
• HARP2 L1C grids/geometry: UMBC HARP team/PACE SDS
• Aerosol and ocean properties: MERRA2, MODIS ocean color
• Neural network RT simulation (Gao et al, AMT 2021) based on RTSOS (Pengwang Zhai)

• Features:
• Aerosol fine and coarse mode microphysical properties
• Open ocean bio-optical model
• New inputs: aerosol layer height, Ozone, surface pressure

• Data available:
• https://oceandata.sci.gsfc.nasa.gov/directdataaccess/Level-1C/

• Application:
• Test data format, geometry
• Test processing pipeline
• Evaluate uncertainty

https://oceandata.sci.gsfc.nasa.gov/directdataaccess/Level-1C/


HARP2 L1C DoLP (440nm, view angle: -40.21o)

https://oceandata.sci.gsfc.nasa.gov/directdataaccess/Level-1C/



HARP2 L1C DoLP (440nm, view angle: -42.78o)

https://oceandata.sci.gsfc.nasa.gov/directdataaccess/Level-1C/



PACE HARP2 L2 product (over ocean)

• Simultaneous aerosol and ocean property retrieval

• Product list
• Aerosol microphysical properties (size, refractive index, AOD, SSA)

• Wind speed, Chla 

• Rrs (at selected or all available angles)

• Uncertainties of all above products



HARP2 L2 HARP2 L2 UNC 
(the same 
format with L2)

HARP2 L2 and uncertainty file format (prelim)



Truth: AOD(550nm)



L2: AOD(550nm)



Uncertainty: AOD(550nm)
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Processing is done for every 8 pixels for testing purpose. 
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Large uncertainty on 
image edge (will improve 
in future L1C data)



AOD (total, fine, coarse)

Please see results from synthetic AirHARP data for comparison (AMT 2021, 2022) 



Multi-angle ocean color analysis (Prelim)

• Conduct multi-angle atmospheric correction and BRDF correction

• Application:
• Increase ocean color data coverage (Gao et al, Frontiers 2021)

• Evaluate multi-angle ocean color signal 

• Mean value may help reduce noise.

• Variance may be used as metric for BRDF correction. 

• Challenges:
• Depend on the measurement uncertainty model

• Need evaluate angular uncertainty correlation

• May relate to water properties from real data?



Truth (Rrs@440nm)



L2 (Rrs@440nm)



L2 angular mean (Rrs@440nm)



L2 angular standard deviation (Rrs@440nm)



Plan for 2023
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Continue DITL test and uncertainty analysis
• Plan to improve aerosol model for simulation and retrieval
• Plan to improve water bio-optical model (global a,bb, etc?)
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