
v Aerosol absorption is a key climate 
geophysical variable (GV) that 
polarimeters can quantify

v Polarimetry is vital to understanding the 
impacts of aerosols and clouds on 
weather and climate

v Incredible advances in aerosol, ocean, 
and cloud remote sensing using 
polarimetry are possible using machine 
learning (Stamnes et al., 2018; Gao et 
al., 2021; Stamnes et al., 2023)
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v The PACE-MAPP retrieval algorithm 
uses optimal estimation, a coupled 
atmosphere-ocean vector radiative 
transfer model, neural networks, and 
inherent optical property lookup tables 
for the Earth’s aerosol, cloud, and 
uncoated/coated hydrosol particles 
(Chemyakin et al., 2021; 2023; 2024)

v Goal: to retrieve accurate aerosol optical 
and microphysical properties and ocean 
properties using optimal estimation

v Only planned operational algorithm for 
both polarimeters and OCI on PACE

Airborne PACE-like data (RSP)

PACE-MAPP performance
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What is PACE-MAPP?

v Aerosol Cloud Meteorology Interactions 
Over the Western Atlantic Experiment 
(ACTIVATE) 
• Research Scanning Polarimeter (RSP)

Polarimeters like SPEXone 
and HARP2 measure light not 
only at multiple wavelengths, 

but also measure both the 
intensity and polarization at 

multiple angles

• PACE-MAPP is expected to retrieve total 
aerosol optical depth at 556 nm (AOD556) 
within ±0.017, fine-mode AOD556 within 
±0.024, and fine-mode single-scattering 
albedo (SSA556f) within ±0.022
• Uncertainties expressed as 1σ

Equatorial Atlantic Ocean: 20240410T160650.L1C.V2.5km.nc

without thin cirrus will depend on the instrument performance on-orbit,
forwardmodel errors, and the availability of suitable a priori information
that can be used to help constrain the retrieval. The average time to run
one simulated retrieval is ~4.5 s on a single core of an Intel Gold
6148 Skylake processor. Our objective for processing PACE L1C data
files is to enable low latency aerosol, cloud, and ocean product acquisition
with an average retrieval speed of ~1 s per L1C pixel.

8 Future perspectives

In this section we briefly discuss future planned upgrades. In
Section 8.1 we discuss the bio-optical model that uses coated and
uncoated hydrosol particles. We discuss the simultaneous retrieval of
aerosol and thin cirrus properties in Section 8.2. Other planned
upgrades include the use of OCI SWIR channels, some of which
must include a retrieval or correction for water vapor,

parameterization of the dust complex refractive index using
principal component analysis (Wu et al., 2015), increased absorption
due to brown carbon aerosol in the UV, deviations in the total pressure
thickness of the atmosphere which controls Rayleigh scattering, and the
window channel corrections for any minor attenuation due to
absorption by gaseous species such as water vapor, nitrogen dioxide,
ozone, methane and carbon dioxide.

8.1 Multi-parameter bio-optical model with
coated and uncoated hydrosol particles

The coated sphere model has recently been found to result in much
more realistic number concentrations for particles, while still yielding
realistic hemispherical backscatter values (Organelli et al., 2018). This
coated sphere model allows us to develop a biologically-founded
mechanistic representation of phytoplankton inherent optical

FIGURE 4
PACE-MAPP bimodal aerosol and ocean parameter retrieval performance. The top left corner of each scatter represents the following information:
r = R, m = MAE, d = RMSE, and s = STD.
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to wavelength. Plankton are modeled as coated spheres with a radius
range between 0.15 and 100 μm, a fixed core volume ratio (85%), and a
weakly refractive core and a more refractive shell relative to that of water
(Chemyakin and Stamnes, 2023). Table 5 lists the input Lorenz-Mie
parameters covered by our coated and uncoated hydrosol LUTs. These
LUTs are expected to be valid across the entire UV-VIS-NIR spectral
range for PACE.

8.2 Simultaneous retrieval of thin cirrus
properties

Optically thin cirrus is an important issue since current
MODIS retrievals have demonstrated biases in aerosol optical
thickness due to contamination by thin cirrus clouds (Sun
et al., 2011). In fact, any retrieval in which the impact of cirrus
has not been carefully considered will likely have cirrus
contamination since detecting thin cirrus is difficult with
existing detection schemes due to confounding scattering and
absorption from aerosols and the surface (e.g., ocean and land).
The best way to retrieve thin cirrus properties over the ocean using
multi-spectral total and polarized radiance measurements may be
using a simultaneous retrieval along with the aerosol and ocean
components. Multi-angle polarimetry offers unique sensitivity to
thin cirrus as its spectral polarimetric signal differs substantially
from the aerosol signals (Sun et al., 2015). We plan to target
retrievals of aerosol and ocean properties together with thin cirrus
of optical depth 0.5 or less at 670 nm. The aerosol and ocean signal
will in general significantly weaken as the cirrus optical depth
increases, but also depends on the relative aerosol-to-cirrus
loading, the ocean surface roughness, and the ocean subsurface

TABLE 5 PACE-MAPP coated and uncoated hydrosol particle LUTs.

Parameter [Unit] Coated Hydrosol LUT Hydrosol LUT

Rmin [μm] 0.15 0.01

Rmax [μm] 100 100

Min λ (air) [μm] 0.355 0.355

Max λ (air, est.) [μm] 2.3 2.3

Num. of scatt. angles 123 123

Radii grid bins 650 650

Relative IRI (shell) 0 to 0.3 –

Relative IRI (core) 0 to 0.001 0 to 0.03

Relative RRI (shell) 1.05 to 1.24 –

Relative RRI (core) 1.02 1.02 to 1.24

Core-to-shell frac 0.85 1

LUT size [GB] 16 3

Software code scatnlay (Peña and Pal, 2009) spher.f (Mishchenko et al., 2002)

Software code validation scatnlay (Peña and Pal, 2009) BHMIE.f (Bohren and Huffman, 2008)

TABLE 4 Simulated PACE-MAPP aerosol and ocean retrieval performance for
the bimodal and trimodal aerosol models. Refer to Table 2 for symbol
descriptions.

Parameter [Unit] Bimodal Trimodal

MAE RMSE MAE RMSE

AOD556 or τ556 0.007 0.011 0.011 0.017

τ556f 0.009 0.017 0.014 0.024

τ556c 0.006 0.012 0.011 0.021

τ556d - - 0.010 0.017

SSA556 0.009 0.013 - -

SSA556f 0.012ι 0.017ι 0.015ι 0.022ι

reff,f [μm] 0.013ι 0.020ι 0.016ι 0.028ι

reff,c [μm] 0.145ξ 0.294ξ 0.212ξ 0.353ξ

reff,d - - 0.341ξ 0.512ξ

veff,f 0.05ι 0.06ι 0.06ι 0.08ι

veff,c 0.06ξ 0.08ξ 0.07ξ 0.10ξ

veff,d - - 0.083ξ 0.109ξ

nrf 0.019ι 0.028ι 0.023ι 0.032ι

nif 0.003ι 0.004ι 0.004ι 0.006ι

nrc scaling factor - - 0.005 0.006

FTL base height [km] 0.67ι 0.92ι 0.60ι 0.82ι

Chla [mg/m3] 0.41ζ 0.85ζ 0.38ζ 0.81ζ

v [m/s] 0.32 0.68 0.37 0.75

Surface slope variance 0.0008 0.0017 0.0009 0.0019

All uncertainty is specified for retrievals that have a normalized cost function below 0.05.
ζ[Chla] uncertainty is specified for τ556 ≤ 0.3.
ι[nrf, nif, FTL, base height, reff,f, veff,f, SSA556f] uncertainty is specified for τ556f ≥ 0.05.
ξ[reff,c, veff,c] uncertainty is specified for (τ556c ≥ 1

15τ556f) and (τ556c ≥ 0.02) and (τ556f ≤ 0.25).
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• PACE-MAPP is a fully adaptable, 100% 
Python framework that supports different 
retrieval parameters, processing pipelines, 
and neural network forward models via a 
simple config file

• Supports bimodal and trimodal aerosol 
models

• Tested using synthetic PACE data and 
airborne RSP polarimeter data

• Support for PACE Level-1C (L1C) data
• Combined SPEXone + HARP2 retrieval speed 

using 11 channels and all available viewing 
zenith angles: ~5 sec/core

• MAPP is the only planned operational 
algorithm for both polarimeters on PACE
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v MAPP uses neural networks to become 
1000x faster (7 channels from 410-2264 
nm are simulated at all viewing angles)


