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Abstract. The development of long-term, continuous, consistent, and high-quality satellite remote sensing
aerosol and surface products is crucial to constrain climate models and improve our understanding of climate
change. Particulate Observing Scanning Polarization (POSP) is the first space-borne multi-spectral (UV–VIS–
NIR–SWIR) cross-track scanning polarimeter dedicated to complementing the Directional Polarimetric Camera
(DPC) multi-angle polarimetric measurements and performing synergistic observations, namely the polarization
crossfire (PCF) suite on board the Chinese GF-5(02) (Gaofen-5 series) satellite. The POSP’s unique single-view
spectral (UV–VIS–NIR–SWIR) high-precision polarimetric measurements provide rich information for atmo-
spheric aerosol and surface characterization. Here, we developed aerosol and surface products from POSP/GF-
5(02) based on the Generalized Retrieval of Atmosphere and Surface Properties (GRASP)/Models approach. The
detailed retrieval approach and processing scheme are provided. The baseline Level 2 product was generated for
the first 18 months of POSP measurements from December 2021 to May 2023 and is publicly available and regis-
tered at https://doi.org/10.57760/sciencedb.14748 (Chen et al., 2024c). The obtained POSP/GF-5(02) aerosol and
surface products are validated and intercompared with the ground-based AERONET reference aerosol dataset
and other independent satellite products, such as the NOAA-20 VIIRS/DB aerosol product and the MODIS
MCD43 surface product. The results show generally good consistency of POSP products with AERONET, the
VIIRS/NOAA-20 aerosol dataset, and the MODIS surface product. Moreover, the developed POSP product
includes not only total aerosol optical depth (AOD) but also detailed properties of aerosols (aerosol size, ab-
sorption, layer height, type, etc.), along with full-surface bidirectional reflectance distribution function (BRDF),
bidirectional polarization distribution function (BPDF), black-sky albedo, white-sky albedo, and normalized dif-
ference vegetation index (NDVI). These parameters are of high importance to constrain the Earth–atmosphere
radiation budget. The retrieval of these properties seems to be possible due to the polarimetric capabilities and
wide UV–VIS–NIR–SWIR spectral range of POSP observations and advances of the used GRASP/Models re-
trieval approach. Finally, some potential improvements for the POSP Level 1–Level 2 processing chain are
identified, and the limitations and lessons learned are discussed.
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1 Introduction

Satellite remote sensing provides an important source of
data for dealing with climate change challenges and moni-
toring environmental health. Therefore, the accumulation of
high-quality, long-term, consistent remote sensing observa-
tional data has received more and more attention. Especially
for climate change studies, the establishment of long-term
and high-precision satellite remote sensing products, despite
huge challenges, is particularly important for reducing the
uncertainty of climate change assessments (IPCC, 2021).
Space agencies and even private companies are launching or
planning to launch an increasing number of Earth-observing
sensors. In particular, polarimetric remote sensing is widely
regarded as one of the best technologies for detecting atmo-
spheric aerosols and clouds (Dubovik et al., 2019, 2021b;
Hansen et al., 1997; Mishchenko et al., 2004). The deploy-
ment of the first multi-angle polarimeter (MAP) payload,
Polarization and Directionality of the Earth’s Reflectances
(POLDER) series (POLDER-1, POLDER-2, and POLDER-
3) (Bréon et al., 2011; Deschamps et al., 1994; Tanré et
al., 2011) developed by the French national space agency
(CNES), was followed by HARP-2 (Hyper-Angular Rain-
bow Polarimeter) and SPEXOne (Spectro-Polarimetric Ex-
periment) recently launched on NASA’s PACE (Plankton,
Aerosol, Cloud, ocean Ecosystem) mission (Hasekamp et al.,
2019; Martins et al., 2018; Remer et al., 2019a, b). In addi-
tion, the first commercial multi-angle CubeSat polarimeter
of the GAPMAP series has been launched by GRASP-Earth
(Fuertes et al., 2023; Martins et al., 2024). The information
content richness of multi-angle polarimetric data is evident
and demonstrated in numerous applications (Cairns et al.,
2009; Chen et al., 2020, 2022a; Dubovik et al., 2011, 2019;
Fu et al., 2020; Fu and Hasekamp, 2018; Gao et al., 2019;
Hasekamp et al., 2024, 2011; Knobelspiesse et al., 2020; Wa-
quet et al., 2009; Xu et al., 2016, 2017a, b). At the same time,
the community also recognizes the challenges in extracting
the large number of parameters from polarimetric observa-
tions (Dubovik et al., 2019; Chen et al., 2020). Therefore, in
order to leverage the information richness of multi-angle po-
larimetric measurements on a global scale, releasing different
levels of products and sharing the successes and challenges
with the broader community are crucial.

China has recently launched several payloads with polari-
metric capabilities. Most of these sensors were designed and
developed by the Anhui Institute of Optics and Fine Mechan-
ics (AIOFM), Chinese Academy of Sciences (CAS) (Chen et
al., 2021b; Li et al., 2018, 2022b, c, d). However, past ef-
forts focused on the development of instruments, while the
development of user-end products and in-depth product anal-
ysis was lacking. For example, the Directional Polarimetric
Camera (DPC), which is the first POLDER-like Chinese op-
erational MAP sensor, was launched on board the GaoFen-5

(GF-5) satellite in 2018 (Li et al., 2018), and several sim-
ilar instruments have been deployed on different platforms
afterward. There are several case studies (regional or short
term) that use the data to determine aerosol and cloud prop-
erties that have been published (Cao et al., 2025; Chen et al.,
2021a; Ge et al., 2022; Jin et al., 2022; Lei et al., 2023; Li
et al., 2021, 2022a; Shang et al., 2020; Wang et al., 2022; Yu
et al., 2024; Zhang et al., 2023); however, reliable informa-
tion about the released global product and demonstration of
its use for environmental and climate applications is limited.

In this study, we focus on the development of global
aerosol and surface products from a new polarimeter (POSP),
the first space-borne UV–VIS–NIR–SWIR multi-spectral
cross-track scanning polarimeter on board the GF-5(02)
satellite. POSP was designed to complement DPC multi-
angle polarimetric measurements of I ,Q, andU at VIS–NIR
channels conducted on the same platform with a maximum
of 17 viewing angles and ∼ 3.3 km spatial resolution. POSP
extends to include UV and SWIR channels, which are ex-
pected to enhance atmospheric aerosol detection capability,
particularly for aerosol layer height and fine-/coarse mode,
to achieve the main goal of the GF-5(02) mission, which is
dedicated to PM2.5 remote sensing (Li et al., 2022d). Mean-
while, due to the onboard calibration device for POSP, it
was expected to obtain higher accuracy of intensity/polar-
ization measurements than DPC, which could perform cross-
calibration between DPC and POSP (Lei et al., 2023). There-
fore, the cross-track pattern was chosen to achieve more
overlaps. The GRASP/Models approach, which has previ-
ously been successfully applied to the multi-angle polarime-
ter (Chen, et al., 2020; Dubovik et al., 2021b, etc.) and multi-
spectral spectrometer (UV–VIS–NIR–SWIR) (e.g. Litvinov
et al., 2024; Chen et al., 2024a) is adapted to process POSP
single-viewing UV–VIS–NIR–SWIR polarimeter measure-
ments. In the previous development of TROPOMI/Sentinel-
5p aerosol and surface products within the framework of
the ESA S5p+ Innovation AOD/BRDF project (Litvinov
et al., 2022), we demonstrate the possibility of extending
aerosol and surface characterization from single-view UV–
VIS–NIR–SWIR measurements with properly constrained
forward models and advanced retrieval algorithms (Litvi-
nov et al., 2024; Chen et al., 2024a). We describe the
POSP/GF-5(02) Level 1 measurements and global aerosol/-
surface datasets used in this study in Sect. 2. Section 3 de-
scribes the POSP aerosol and surface retrieval scheme and
the Level 2 product specification. Section 4 illustrates the
preliminary validation and evaluation of the POSP Level 2
aerosol and surface product. The study is concluded in Sect. 5
with a summary and discussion of the lessons learned.
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2 Data description

In this section, the POSP/GF-5(02) satellite level measure-
ments and the independent ground-based and space-borne
aerosol and surface datasets used in this study are described.

2.1 Single-view scanning polarimeter POSP/GF-5(02)
Level 1 data

Gaofen (GF) is a series of Chinese civilian remote sensing
satellites specifically for China’s high-resolution Earth ob-
servation system (Chen et al., 2022c; Gu and Tong, 2015;
Tong et al., 2016). Among them, the GF-5 satellite is de-
signed and dedicated to atmospheric detection and environ-
mental monitoring, including aerosol, cloud, water vapor,
ozone, and tracer gases. The first GF-5(01) satellite was
launched on 8 May 2018. GF-5(01) carries six payloads:
specifically, the DPC, Environment Monitoring Instrument
(EMI), Greenhouse Gases Monitoring (GMI), Atmospheric
Infrared Ultra-spectral Sensor (AIUS), Visual Infrared Multi-
spectral Sensor (VIMS), and Advanced Hyperspectral Im-
ager (AHSI). The GF-5(01) satellite continued working un-
til March 2021. Subsequently, the second GF-5(02) satel-
lite was launched on 7 September 2021. Generally, GF-5(02)
maintains a similar design to GF-5(01). In order to enhance
the atmospheric detection capability, GF-5(02) deployed a
new POSP instrument, which is a cross-track scanning po-
larimeter, to complement DPC and perform synergistic ob-
servations, namely the polarization crossfire suite (Li et al.,
2022d). The original POSP design idea came from the NASA
Aerosol Polarimetry Sensor (APS), which was an along-
track scanning polarimeter and was lost during the unsuc-
cessful launch of the Glory mission in 2011 (Dubovik et al.,
2019; Mishchenko et al., 2007). POSP is the first space-borne
multi-spectral cross-track scanning polarimeter, covering the
UV–VIS–NIR–SWIR wavelengths (Lei et al., 2020). Specif-
ically, an onboard calibration device is designed for POSP
to perform on-orbit solar diffuse reflector-based radiomet-
ric calibration and polarimetric calibration. Hence, it is ex-
pected to obtain high-precision polarimetric measurements
from POSP, achieving cross-calibration between DPC and
POSP (Lei et al., 2023). Table 1 summarizes the POSP/GF-
5(02) main sensor characteristics and spectral channels used
in this study.

Our development of the Level 2 aerosol and surface pro-
cessing starts from the POSP Level 1B top-of-atmosphere
(TOA) measurements. Before re-gridding Level 1B onto
Level 1C 10 km × 10 km grid, we use three consecutive
steps to filter Level 1B data for aerosol and surface retrieval.
Figure 1 shows the schematic diagram illustrating the POSP
data preprocessing from Level 1B to Level 1C for aerosol
and surface retrieval.

– Step 1. Skip left and right 10 pixels at the edges of each
swath.The spatial resolution of the POSP Level 1B pixel

is approximately 6.4 km at nadir, and the spatial sam-
pling size becomes larger as the scan gets closer to the
edge of the track (Fig. 1). The POSP field of view is
±53° and the orbit height is at ∼ 706 km; therefore, the
pixel size at the edge is approximately 25 km. Accord-
ing to the recommendation from the Level 1 data team,
we simply skip 10 pixels at the edges of each swath
and proceed with 10 km Level 2 aerosol and surface re-
trieval.

– Step 2. Although the delivered POSP Level 1B data
comes with cloud identification, it exhibits evident
misclassifications, and its overall performance remains
limited. We apply three additional conditions to fil-
ter cloudy pixels based on simple threshold meth-
ods. Specifically, TOA reflectance R (1380 nm)< 0.02
is used to filter possible cirrus clouds. Then, the
MODIS spatial variability method (3× 3 window stan-
dard deviation) is used (Martins et al., 2002), and the
threshold is slightly adjusted for POSP. We use 3×
3_SD_R (412 nm)< 0.03 over land, and 3× 3_SD_R
(865 nm)< 0.03 over ocean. In addition, we use a one-
pixel buffer zone for possible cloud shadows. Any
pixel next to an identified cloudy pixel is removed for
aerosol and surface retrieval. Overall, there is a sig-
nificant potential for improving cloud identification for
POSP Level 1B data generation, especially since the po-
larimetric measurements are not used at the moment.
The snow/ice mask is not used in this study, and some
snow/ice pixels may be removed in the cloud procedure.
However, others may affect our Level 2 aerosol and sur-
face retrieval.

– Step 3. The ocean sun-glint mask is achieved by apply-
ing a threshold on the glint angle (θg) using solar and
view zenith angles (θs and θv) and their relative azimuth
angle (1φ) (see Eq. 1) (Cox and Munk, 1954). A small
glint angle indicates higher probabilities of sun glint. In
this study, each ocean pixel with a glint angle smaller
than 40° is filtered:

cosθg = cosθv cosθs− sinθv sinθs cos1φ. (1)

Figure 2 shows an example of POSP TOA Level 1B mea-
surements on 28 February 2022 (Fig. 2a) and its correspond-
ing Level 1C preprocessed for aerosol and surface retrieval
(Fig. 2b). The TOA false color RGB image is composed of
POSP reflectance from 670, 489, and 410 nm channels, re-
spectively.

2.2 Datasets used for validation and evaluation

2.2.1 Ground-based AERONET aerosol reference
dataset

In order to validate the retrieval of aerosol optical–
microphysical properties, the ground-based Aerosol Robotic
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Table 1. Instrument characteristics for POSP on board the GF-5(02) satellite.

Spectrum UV VIS NIR SWIR

Central band (nm) 381 410 442 489 670 865 1380 1611 2254

Polarization I/Q/U
Expected accuracy 1I 5 % (UV-NIR-NIR); 1I 6 % (SWIR); 1DoLP 0.005
L1B spatial sampling Nadir: 6.4 km; edge: 25 km
Full width half maximum (nm) 20 40 60 80
Rotational period (s) 0.97911
Scanning width 2110 km (±53°)
Orbit 706 km; equatorial crossing time 10:30 LT (descending node)

Figure 1. Schematic diagram illustrating POSP data preprocessing (Level 1B–Level 1C).

Network (AERONET) aerosol reference dataset is used
(Holben et al., 1998). AERONET direct sun multi-spectral
aerosol optical depth (AOD), Ångström exponent (AE),
spectral deconvolution algorithm (SDA), fine-mode AOD
(AODF), coarse-mode AOD (AODC) (O’Neill et al., 2003),
and single-scattering albedo (SSA) from inversion prod-
ucts based on the almucantar measurements (Dubovik et
al., 2000; Dubovik and King, 2000; Dubovik et al., 2000,
2002, 2006) are used to validate POSP aerosol retrievals.
Specifically, we use the up-to-date AERONET Version 3
Level 2 products (https://aeronet.gsfc.nasa.gov/, last access:
19 February 2024) (Giles et al., 2019; Sinyuk et al., 2020;
Smirnov et al., 2000) and make use of all AERONET sites
with available data during the study period.

2.2.2 Space-borne aerosol and surface datasets from
VIIRS and MODIS

Space-borne aerosol and surface datasets obtained from
NOAA’s Visible Infrared Imaging Radiometer Suite (VI-
IRS) aboard the NOAA-20 satellite and NASA’s Moder-
ate Resolution Imaging Spectroradiometer (MODIS) aboard
the TERRA and AQUA satellites are used in this study
to compare with the derived POSP aerosol and sur-
face products. Specifically, the NOAA-20 VIIRS Deep
Blue (DB) 6 km Version 2.0 Level 2 aerosol prod-
uct AERDB_L2_VIIRS_NOAA-20 is used to intercom-
pare with the POSP aerosol product (Lee et al., 2024).
The AERDB_L2_VIIRS_NOAA-20 dataset includes spec-
tral AOD at 412, 490, 550, and 670 nm over land and AOD at
490, 550, and 670 nm over ocean. The fine-mode fraction at

550 nm is also provided over the ocean, which can be used to
derive AODF and AODC at 550 nm (Hsu et al., 2019; Sayer
et al., 2018a, b). For surface properties, the MODIS Collec-
tion 6.1 Albedo Model Parameters produced at 0.05° (de-
gree) climate model grid datasets (MCD43C3) are used in
the intercomparison, including MCD43C3 surface albedos
(white-sky albedo and black-sky albedo) at Band 1 (620–
670 nm), Band 2 (841–876 nm), Band 3 (459–479 nm), and
Band 7 (2105–2155 nm) (Schaaf and Wang, 2015).

3 Aerosol and surface retrieval scheme and product
specification

3.1 POSP/GF-5(02) Level 2 aerosol and surface
retrieval scheme

The GRASP/Models approach is used to retrieve aerosol
and surface properties from POSP/GF-5(02) measurements.
On top of the GRASP platform, several aerosol modeling
approaches have been developed by assuming different pa-
rameterization schemes for size distribution, complex re-
fractive index, and chemical composition (Dubovik et al.,
2011, 2021a; Li et al., 2019; Chen et al., 2020). Among
them, the “Models” approach is one of the most simpli-
fied approaches with six spectrally independent parame-
ters to represent aerosol optical–microphysical properties.
The GRASP/Models approach has been proven to be effi-
cient in retrieving high-quality aerosol properties from differ-
ent types of satellite remote sensing measurements, includ-
ing multi-angle polarimeter, and multi-spectral/hyperspectral

Earth Syst. Sci. Data, 17, 3497–3519, 2025 https://doi.org/10.5194/essd-17-3497-2025
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Figure 2. An example of POSP TOA measurements on 28 February 2022 illustrating (a) Level 1B TOA false color RGB and (b) preprocessed
Level 1C data prepared for aerosol and surface retrieval.

spectrometer (Chen et al., 2020, 2022b, 2024a, b; Jin et al.,
2022; Litvinov et al., 2024).

Specifically, aerosol total single-scattering characteristics
are assumed to be a linear combination of the scattering char-
acteristics of several pre-defined aerosol models (Eq. 2):

ω(λ)P(λ,2)=

n∑
k=1

ckC
k
ext(λ)ωkPk(λ,2)

n∑
k=1

ckC
k
ext(λ)

, (2)

where λ indicates the spectral channel, 2 is the scatter-
ing angle, ω is the aerosol single-scattering albedo (SSA),
P denotes the phase matrix, k denotes one of n aerosol
models, Cext denotes the total aerosol extinction, and
ck denotes the relative fraction for the kth aerosol model.
Following previous applications on OLCI/Sentinel-3 and
TROPOMI/Sentinel-5p (Chen et al., 2022b, 2024a; Litvinov
et al., 2024), we use a four-model (n= 4) approach to pro-
cess POSP/GF-5(02): k = 1 is fine absorbing (biomass burn-

ing), k = 2 is fine slightly absorbing (urban/sulfate aerosol),
k = 3 is coarse maritime (sea salt), and k = 4 is coarse dust.
The definition of the four models’ size distribution, spectral
complex refractive index, and non-sphericity is based on the
AERONET climatology (Dubovik et al., 2002; Lopatin et al.,
2021).

In addition, taking into account the limited information
from passive remote sensing measurements, aerosol micro-
physical properties are assumed to be identical at differ-
ent vertical layers and only the total aerosol volume con-
centration and the aerosol total extinction profile (cv =

τext(λ)/
4∑
k=1

ckC
k
ext(λ)) vary following the exponential func-

tion.

cv(z)=
cv

h
exp

(
−
z

h

)
, (3)

where z represents atmospheric vertical level and h is the
aerosol layer height, namely scale height.
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The sum of the semi-empirical Ross–Li sparse Bidirec-
tional Reflectance Function (BRF) model (Li and Strahler,
1992; Roujean et al., 1992; Wanner et al., 1995) and the
polarized reflection matrix Rp based on semi-empirical
Maignan–Bréon BPDF (bidirectional polarization distribu-
tion function) models (Litvinov et al., 2010, 2011a, b; Maig-
nan et al., 2009) are used to model surface reflectance
for POSP/GF-5(02) processing. The kernel-driven Ross–Li
BRDF model uses a linear combination of three kernels fiso,
fvol, and fgeom representing isotropic, volumetric, and geo-
metric optics surface scattering, respectively (Li and Strahler,
1992; Roujean et al., 1992; Wanner et al., 1995). In addi-
tion, according to Litvinov et al. (2010, 2011a, b), this model
is further re-normalized to the spectral invariant of the sec-
ond (avol) and third (ageom) BRDF parameters in compar-
ison to the first one aiso(λ). In GRASP, the polarized re-
flection matrix Rp is based on the semi-empirical Maignan–
Bréon BPDF model (Maignan et al., 2009). For POSP/GF-
5(02) processing, the wavelength-independent scaling pa-
rameter (α) for the Fresnel-based reflection matrix is re-
trieved.

The ocean surface reflectance is modeled as a combina-
tion of different ocean surface approaches. Fresnel’s reflec-
tion from the sea surface is taken into account using the
Cox–Munk model (Cox and Munk, 1954). The water leav-
ing radiance is assumed to be isotropic and is taken into
account by Lambertian unpolarized reflectance (Voss et al.,
2007). The relations between whitecaps/foam fraction and
wind speed are defined by the empirical formula by Mona-
han and O’Muircheartaigh (1980). The spectral dependence
of foam is accounted for with the model described in Frouin
et al. (1996) and Frouin and Pelletier (2015). The detailed de-
scription of the ocean surface reflectance modeling approach
used in the GRASP algorithm can be found in Litvinov et
al. (2024) and Chen et al. (2022b). The spectrally depen-
dent isotropic water-leaving radiance r0(λ), Fresnel reflec-
tion fraction (free from foam, dense sediments, whitecaps,
etc.) δFr and the mean square facet slope σ 2 are the directly
retrieved parameters for the ocean surface.

Then the state vector of each land and ocean pixel for
POSP/GF-5(02) processing with the GRASP/Models ap-
proach can be represented as follows:

Xland
=
[
cv,c1,c2,c3,c4,h,aiso(λ),avol,ageom,α

]T
, (4)

Xocean
=

[
cv,c1,c2,c3,c4,h,r0(λ),δFr,σ

2
]T
, (5)

where cv is the columnar aerosol volume concentration,
c1 ... 4 is the volume fraction of the four different aerosol mod-
els, and h is the aerosol scale height. aiso(λ) is the linear co-
efficient of the Ross–Li BRDF spectral dependent isotropic
kernel, and avol and ageom are the linear coefficients of the
spectral invariant volumetric and geometric terms. α is the
Maignan–Bréon BPDF model spectrally independent scal-
ing parameter for the Fresnel-based reflection matrix. r0(λ)

is the spectral dependent isotropic water leaving reflectance,
δFr is the fraction of the surface that provides Fresnel reflec-
tion (free from foam, dense sediments, whitecaps, etc.), and
σ 2 is the mean square facet slope.

The inhomogeneous POSP 10 km pixels partially covered
by water are skipped for processing. Based on the directly
retrieved parameters in the state vector, aerosol optical–
microphysical properties and surface properties, such as
AOD, AODF, AODC, AAOD, SSA, NDVI, BRDF, BPDF,
and different surface albedos (white-sky albedo and black-
sky albedo) at UV, VIS, NIR, and SWIR wavelengths, can be
calculated and delivered as a product.

The GRASP numerical inversion is implemented as a sta-
tistically optimized fitting of the observations using the least-
squares multi-term principle (Dubovik et al., 2021a). GRASP
implements a multi-pixel technique to improve retrieval by
simultaneously inverting a large group of pixels (Dubovik
et al., 2011, 2014). This approach allows for significant en-
hancement of atmosphere properties retrievals from remote
sensing measurements by means of using additional a priori
information about “correlation” retrieved properties in dif-
ferent pixels of the inverted group. The smallest processing
group (segment) in the POSP/GRASP scheme is a group of
3×3×NT pixels, where NT is the number of measurements
available in a month.

3.2 POSP/GF-5(02) Level 2 aerosol and surface
products specification

The primary POSP/GF-5(02) aerosol product is the spectral
AOD, which measures the column amount of aerosols in the
atmosphere and is widely used in the community. POSP/-
GRASP Level 2 product offers spectral AOD at nine wave-
lengths ranging from UV to SWIR. The product includes
several additional aerosol characteristics such as AE, spec-
tral fine-/coarse-mode AOD, spectral SSA, and aerosol scale
height. These specific aerosol characteristics are connected
to aerosol particle size and absorption properties, which are
important criteria for the aerosol climate and air quality com-
munity. The POSP/GRASP also offers full-surface BRDF
and BPDF characteristics, surface NDVI, spectral direc-
tional hemispherical reflectance (DHR or black-sky albedo),
and spectral surface isotropic bihemispherical reflectance
(BHRISO or white-sky albedo). The POSP/GF-5(02) Level 2
aerosol and surface products are contained in a file typically
named as GF5B_OSP_L2_Land_Ocean_{YYYYMMDD}.nc.
The product fields contained in the NetCDF-4 product file
are listed in Table 2.
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Table 2. List of fields in the POSP/GF-5(02) Level 2 aerosol and surface product.

Variable name Dimension Long name and description

aaod {λ} (y,x,λ) aerosol absorption optical depth
AeroModelCon1 (y,x) aerosol fine absorbing mode fraction
AeroModelCon2 (y,x) aerosol fine non-absorbing mode fraction
AeroModelCon3 (y,x) aerosol oceanic mode fraction
AeroModelCon4 (y,x) aerosol dust mode fraction
AerosolConcentration (y,x) aerosol total volume concentration
AExp (y,x) Ångström exponent (442/865)
bhr_iso{λ} (y,x,λ) surface isotropic bihemispherical reflectance
dhr{λ} (y,x,λ) directional hemispherical reflectance
land_percent (y,x) percentage of land
LandBPDFMaignanBreon (y,x) Fresnel-based reflection matrix scaling parameter
LandBRDFRossLi{λ}_1 (y,x,λ) Ross–Li BRDF isotropic parameter
LandBRDFRossLi_2 (y,x) Ross–Li BRDF normalized volumetric parameter
LandBRDFRossLi_3 (y,x) Ross–Li BRDF normalized geometric parameter
lat (y,x) latitude
Lon (y,x) longitude
NDVI (y,x) normalized difference vegetation index
residual_absolute0 (y,x) fitting residual (absolute) of measured reflectance
residual_relative0 (y,x) fitting residual (relative) of measured reflectance
residual_absolute1 (y,x) fitting residual (absolute) of measured DOLP
residual_relative1 (y,x) fitting residual (relative) of measured DOLP
ssa{λ} (y,x,λ) single-scattering albedo
tau{λ} (y,x,λ) aerosol optical depth
tauC{λ} (y,x,λ) coarse-mode aerosol optical depth
tauF{λ} (y,x,λ) fine-mode aerosol optical depth
unixtimestamp (y,x) Unix time in seconds from 1 Jan 1970 T00:00:00 (UTC+8 h)
VertProfileHeight (y,x) scale height of vertical profile
WaterBRMCoxMunkIso{λ}_1 (y,x,λ) surface albedo of water body
WaterBRMCoxMunkIso_2 (y,x) Cox–Munk BRDF Fresnel fraction
WaterBRMCoxMunkIso_3 (y,x) Cox–Munk BRDF msq slope
X x WGS84 coordinates (easting)
Y y WGS84 coordinates (northing)

λ= 381, 410, 442, 489, 670, 865, 1611, 2254 nm.

4 Preliminary validation and evaluation of
POSP/GF-5B Level 2 product

4.1 Global distribution of POSP/GF-5(02) Level 2
aerosol and surface product

Based on the method proposed in Sect. 3, we process the first
18 months of POSP/GF-5(02) measurements from Decem-
ber 2021 to May 2023 using four Intel 4-core I9-13900 Think
stations. Figure 3 shows the spatial distribution of valid re-
trievals from December 2021 to May 2023. In summary, ap-
proximately 113 million pixels are retrieved successfully, ac-
counting for 70 million of them over land pixels (∼ 62 %)
and 43 million ocean pixels (∼ 38 %). Evidently, the ocean
pixel percentage is much lower than expected, which can be
associated with too strict a cloud mask and glint mask used
over the ocean. This needs to be adjusted and tested for fu-
ture processing. We estimate the retrieval speed in order to
constrain computational costs for future operational process-

ing based on the 18-month processing effort. Approximately,
for land pixels, the mean speed is 0.32 s per pixel per core
with 1σ = 0.12 s.e. per pixel per core; for ocean pixels, the
mean speed is 0.38 s per pixel per core with 1σ = 0.13 s per
pixel per core.

In order to have a general picture of the POSP/GF-5(02)
aerosol and surface product, we present the spatial distribu-
tion of POSP/GF-5(02) aerosol and surface main characteris-
tics in Fig. 4 (main aerosol products) and Fig. 5 (main surface
products) from December 2021 to May 2023. Figures 4 and 5
show the mean of the main aerosol and surface products
over the entire 18-month period of data. As for the detailed
aerosol properties, such as SSA (550 nm), AE (440/870),
and scale height, we select valid retrievals with POSP AOD
(550 nm)> 0.2 on a daily basis and then calculate the mean
values shown in Fig. 4d–f because the retrieval accuracy of
these detailed parameters strongly depends on the aerosol
information content, simplistically aerosol loading (AOD).
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Figure 3. Spatial distribution of the number of valid POSP/GRASP retrievals from December 2021 to May 2023.

The main POSP/GF-5(02) aerosol products include spec-
tral AOD, AODF, AODC, and SSA (ranging across UV,
VIS, NIR, and SWIR wavelengths), AE (440/870), and
aerosol scale height. Note that spectral aerosol absorption
optical depth (AAOD) can be derived using AAOD(λ)=
AOD(λ)× (1−SSA(λ)) and is also provided in the product
file. The main POSP/GF-5(02) surface products include full
Ross–Li BRDF parameters (aiso(λ), avol,ageom), Maignan–
Bréon BPDF Fresnel-based reflection matrix scaling param-
eter (α), surface white-sky albedo BHRiso (λ), black-sky
albedo DHR (λ), and surface normalized difference vegeta-
tion index (NDVI).

During the first POSP/GF-5(02) processing, we also iden-
tify some remaining issues in the current baseline Level 2
products. (i) The cloud and glint mask over the ocean seems
too strict, resulting in the percentage of ocean pixels being
much lower than expected. (ii) We also identify some exist-
ing stripes in the Level 2 aerosol and surface products that
are caused by the delay of Level 1 data production; there-
fore, some Level 1 tracks are recorded until the next day and
overwrite the incoming data. These known issues are docu-
mented in the data description and are expected to be solved
in the next processing.

4.2 Validation of POSP/GF-5(02) aerosol product with
AERONET

In order to verify the obtained spatial distribution of POSP
aerosol and surface products, the POSP aerosol product is
validated with the ground-based AERONET dataset. In or-
der to match satellite retrievals with AERONET measure-
ments, we follow the strategy used in our previous stud-
ies (Chen et al., 2020, 2022b, 2024a). Specifically, we use
a 3× 3 window centered over AERONET sites, and the
satellite retrievals with a 3× 3 window are averaged. Mean-

while, the available AERONET direct sun AOD, AE, AODF,
and AODC products are averaged within ±30 min of the
POSP/GF-5(02) satellite overpass, and AERONET inver-
sion SSA products are averaged within ±180 min of the
POSP/GF-5(02) satellite overpass. For POSP, we have not
yet introduced the quality flags into the product, as for
TROPOMI/Sentinel-5p (Litvinov et al., 2024). While some
experiences from TROPOMI/Sentinel-5p quality flag defini-
tion are used to select high-quality POSP retrievals for val-
idation with AERONET. Basically, any retrieval that meets
the three conditions is defined as “high quality” and will be
used in validation.

i. The relative fitting residual (residual_relative_noise) is
smaller than 5 %.

ii. Over land, the AOD (865 nm) standard deviation within
its 3× 3 window (SD_AOD865) is smaller than 0.1
or SD_AOD865/AOD865 is smaller than 0.2, where
AOD865 is the mean AOD within the 3×3 window. Over
ocean, the SD_AOD865 is smaller than 0.05.

iii. The number of valid retrievals within a 3×3 window is
greater than or equal to 3.

To quantify the validation results, several standard statistical
parameters are used in this study, including the linear corre-
lation coefficient (R), root mean square error (RMSE), bias
(BIAS), and the fulfillment of the AOD Global Climate Ob-
serving System (GCOS) requirement (i.e., the GCOS frac-
tion), the formulated target requirement for AOD, and the
optimal and target requirements formulated for AE, SSA,
and surface albedos. Note that the optimal and target re-
quirements are formulated in our previous ESA S5P+I
AOD/BRDF project (Litvinov et al., 2024) and are used
in TROPOMI/Sentinel-5p validation (Chen et al., 2024a).
Specifically, the GCOS requirement for AOD, AODF, and
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Figure 4. Spatial distribution of POSP/GF-5(02) main aerosol products. (a) Aerosol optical depth (AOD). (b) Fine-mode aerosol optical
depth (AODF). (c) Coarse-mode aerosol optical depth (AODC). (d) Single-scattering albedo (SSA). (e) Ångström exponent (AE, 440/870).
(f) Aerosol scale height (ASH). Note that AOD, AODF, AODC, and SSA are spectrally dependent and provided at UV, VIS, NIR, and
SWIR wavelengths. The values represent the mean of each characteristic over the entire 18-month period of POSP data (December 2021 to
May 2023). The AOD (550 nm)> 0.2 criterion is used to select high-quality SSA (550 nm), AE (440/870), and ASH on a daily basis before
calculating their mean values.

AODC is a maximum of 0.04 or 10 % (whichever is bigger);
the optimal requirements for AE, SSA, and surface albedos
are 0.3, 0.03, and 0.01, respectively; the target requirement
for AOD, AODF, and AODC is a maximum of 0.05 or 20 %
(whichever is bigger); and the target requirement for AE,
SSA, and surface albedos is 0.5, 0.05, and 0.02, respectively.

Figure 6 shows the validation of the entire year 2022
POSP/GF-5(02) GRASP AOD (550 nm) with AERONET
over land (Fig. 6a – linear scale; Fig. 6b – logarithmic scale)
and ocean (Fig. 6c – linear scale; Fig. 6d – logarithmic scale).
Generally, POSP AOD (550 nm) shows good agreement
with AERONET both over land and ocean, with R = 0.813,
RMSE= 0.114 over land and R = 0.861, RMSE= 0.091
over ocean. Moreover, the fulfillment of the GCOS require-
ment is 47.6 % over land and 54.3 % over ocean. We inter-
compare the validation results obtained from TROPOMI/-

GRASP 1-year validation (Chen et al., 2024a; Litvinov et al.,
2024). The obtained POSP validation statistical metrics are
close to the TROPOMI validation results for QA≥ 2, where
the fulfillment of AOD GCOS requirement is 48.4 % over
land and 71.3 % over ocean (Litvinov et al., 2024). Besides,
the matchup points are evidently less than TROPOMI, which
is associated with POSP’s narrower swath width (1850 km)
relative to TROPOMI (2600 km). Additionally, the scanning
polarimeter has a large deformation at the edge of the track,
which leads to the removal of 10 pixels at the edge of the
track.

The validation of POSP/GF-5(02) GRASP AE
(440/870 nm) with AERONET is present in Fig. 7 (Fig. 7a
– land; Fig. 7b – ocean). In order to ensure the quality of
the satellite AE (440/870 nm) product, we usually filter
low AOD cases for AE validation, due to the fact that the
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Figure 5. Spatial distribution of POSP/GF-5(02) main surface products. (a) Ross–Li BRDF isotropic parameter. (b) Ross–Li BRDF nor-
malized volumetric parameter. (c) Ross–Li BRDF normalized geometric parameter. (d) Maignan–Bréon BPDF. (e) Surface isotropic bi-
hemispherical reflectance (BHRiso or white-sky albedo). (f) Normalized difference vegetation index (NDVI). Note that BRDF1 and BHRiso
(white-sky albedo) are spectrally dependent and provided at UV, VIS, NIR, and SWIR wavelengths. The values represent the mean of each
characteristic over the entire 18-month period of POSP data (December 2021 to May 2023).

calculated AE is very sensitive to small variations in AOD
at different wavelengths. For POSP AE validation, we select
cases with POSP AOD (550 nm)> 0.2 over land and POSP
AOD (550 nm)> 0.2 over ocean. Generally, POSP/GRASP
tends to underestimate AE (too large particle size) for small
particles (AE> 1.0) and overestimate AE (too small particle
size) for large particles (AE< 1.0) over land. This is similar
to the results obtained from OLCI and POLDER using
the GRASP/Models approach and is associated with the
particle size assumption for aerosol models. Moreover, the
obtained AE> 1.0 over the Sahara (Fig. 4e) seems to be
problematic and is possibly related to polarimetric calibra-
tion or SWIR channel radiometric calibration that needs
further investigations. Over the ocean, POSP/GRASP tends
to overestimate AE (too small particle size) for all ranges of
AE. The results are consistent with the AODF and AODC
validation presented in Fig. 8 (AODF 550 nm) and Fig. 9
(AODC 550 nm). Specifically, we observe a clear tendency

over the ocean that POSP/GRASP slightly overestimates
fine-mode AOD (linear scale – Fig. 8c; logarithmic scale –
Fig. 8d), while it significantly underestimates coarse-mode
AOD (linear scale – Fig. 9c and logarithmic scale – Fig. 9d).
The validation of TROPOMI products shows quite similar
features (Chen et al., 2024a), which can be related to the
fact that the space-borne downward measurements are more
sensitive to suspended fine particles than coarse particles
near the surface, while the ground-based upward measure-
ments have much more sensitivity to coarse particles near
the ground. This is our hypothesis that requires more studies
in the future.

In addition, we validate POSP/GF-5(02) GRASP SSA
(550 nm) with AERONET inversion products for the entire
year 2022, and the results are shown in Fig. 10a. The valida-
tion of POSP/GF-5(02) GRASP SSA spectral dependence,
dSSA(440–670)=SSA(440 nm)−SSA(670 nm), is shown
in Fig. 10b. The AERONET Level 2 inversion SSA product is
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Figure 6. Validation of POSP/GF-5(02) GRASP AOD (550 nm) with AERONET over land and ocean for the entire year 2022. (a) POSP
AOD validation with a linear scale over land. (b) POSP AOD validation with a logarithmic scale over land. (c) POSP AOD validation with a
linear scale over the ocean. (d) POSP AOD validation with a logarithmic scale over the ocean.

Figure 7. Validation of POSP/GF-5(02) GRASP AE (440/870) with AERONET over (a) land and (b) ocean for the entire year 2022.

used as a reference, where it contains aerosol loading filtering
(AERONET AOD 440 nm> 0.4). For POSP/GRASP SSA,
we also select the cases with POSP AOD (550 nm)> 0.2
to ensure the retrieval accuracy. POSP/GRASP SSA shows
good consistency with AERONET, with RMSE of 0.040,
BIAS of −0.007, and the fulfillment of the SSA opti-
mal (±0.03) and target (±0.05) requirements is 63.0 % and
81.2 %, respectively. Spectral dependence of SSA provides
important information about the absorption properties and
size-related parameters. AERONET ground-based dSSA is
used to infer and quantify fine-/coarse-mode absorption com-
ponents (BC – black carbon, BrC – brown carbon, and
DD – desert dust) and non-absorbing components, such as
ammonia–sulfate (Li et al., 2013; Wang et al., 2013). Due
to the general difficulty in retrieving the proper SSA spec-

tral dependence, dSSA is rarely provided by satellite prod-
ucts; therefore, it seldom appears in satellite product valida-
tion. Previously, the TROPOMI/Sentinel-5p GRASP prod-
uct demonstrated good performance in capturing the SSA
spectral dependence, dSSA(440–670), with 75.8 % of cor-
rect cases (Litvinov et al., 2024). Here, POSP/GF-5(02)
GRASP dSSA also shows reasonable correspondence with
the ground-based AERONET product with 65.5 % of suc-
cessful separation cases.

Table 3 summarizes the OLCI/Sentinel-3A,
TROPOMI/Sentinel-5p, and POSP/GF-5(02) products
generated by the GRASP algorithm, 1-year AOD, AE, and
SSA 1-year validation metrics with the AERONET reference
dataset. The TROPOMI AE (412/670) is used, while OLCI
and POSP AE are calculated from 440 to 870 nm. AOD

https://doi.org/10.5194/essd-17-3497-2025 Earth Syst. Sci. Data, 17, 3497–3519, 2025



3508 C. Chen et al.: Level 2 aerosol and surface products from scanning polarimeter POSP/GF-5(02)

Figure 8. Validation of POSP/GF-5(02) GRASP AODF (550 nm) with AERONET over land and ocean for the entire year 2022. (a) POSP
AODF validation with linear scale over land. (b) POSP AODF validation with logarithmic scale over land. (c) POSP AODF validation with
linear scale over the ocean. (d) POSP AODF validation with logarithmic scale over the ocean.

Figure 9. Validation of POSP/GF-5(02) GRASP AODC (550 nm) with AERONET over land and ocean for the entire year 2022. (a) POSP
AODC validation with linear scale over land. (b) POSP AODC validation with logarithmic scale over land. (c) POSP AODC validation with
linear scale over the ocean. (d) POSP AODC validation with logarithmic scale over the ocean.
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Figure 10. Validation of POSP/GF-5(02) GRASP (a) SSA (550 nm) and (b) dSSA (440–670) with AERONET over land and ocean for the
entire year 2022.

Table 3. Intercomparisons of OLCI/Sentinel-3A, TROPOMI/Sentinel-5p and POSP/GF-5(02) AOD (550 nm), AE (OLCI and
POSP: 440/870; TROPOMI: 412/670) and SSA (550 nm) 1-year validation metrics with AERONET reference dataset. The best performance
metric is indicated in bold.

Sensors (number R RMSE BIAS Optimal Target
pairs) % %

AOD 550 nm OLCI (3205) 0.870 0.090 −0.01 47.9 –
(land) TROPOMI (7732) 0.885 0.078 0.01 56.9 67.9

POSP (1667) 0.813 0.114 0.004 47.6 57.0

AOD 550 nm OLCI (217) 0.872 0.047 0.01 67.3 –
(ocean) TROPOMI (880) 0.881 0.047 0.01 71.3 81.1

POSP (219) 0.861 0.091 −0.012 54.3 66.7

AE (land) OLCI (611) 0.526 0.531 −0.35 – –
TROPOMI (991) 0.725 0.418 0.18 51.6 76.0
POSP (719) 0.270 0.472 – 49.4 73.3

AE (ocean) OLCI (46) 0.751 0.386 0.18 – –
TROPOMI (1417) 0.474 0.474 0.16 52.1 71.3
POSP (158) 0.409 0.667 – 29.7 49.4

SSA 550 nm OLCI (115) 0.471 0.026 −0.01 – –
(land+ ocean) TROPOMI (358) 0.522 0.026 0.00 82.1 94.4

POSP (570) 0.305 0.040 −0.007 63.0 81.2

and SSA at 550 nm validation results are used for the
intercomparison. Note, the 1-year validation is performed
for different years, for example, OLCI (June 2018 to
May 2019), TROPOMI (March 2019 to February 2020), and
POSP (January to December 2022). The OLCI/Sentinel-3A
validation metrics are adopted from Chen et al. (2022b).
TROPOMI/Sentinel-5p validation results are obtained from
Chen et al. (2024a) and Litvinov et al. (2024) in which
QA= 3 is used for AOD (550 nm) over land, QA≥ 2 for
AOD (550 nm) over ocean, and QAExtend= 3 for AE over
land, QAExtend≥ 2 for AE over ocean, QAExtend= 3 for
SSA (550 nm) over land and ocean. Basically, the fulfillment
of the AOD GCOS requirement over land varies from
∼ 48 % (POSP and OLCI) to 57 % (TROPOMI). Over the
ocean, POSP AOD performs slightly worse than OLCI and
TROPOMI, with a GCOS fraction of 54.3 % for POSP,

relative to 67.3 % for OLCI and 71.3 % for TROPOMI. For
AE, all three products are qualitatively good at separating
fine-/coarse-mode dominant cases, while quantitatively
there is a clear tendency in the over-/underestimation of AE
for fine-/coarse-mode cases that needs further refinement,
particularly in the particle size assumption for coarse mode
in the Models approach. For SSA, for OLCI validation,
a larger AOD threshold (AOD> 0.5) is used to select
high-quality retrievals, which leads to a relatively small
number of available points. TROPOMI shows slightly better
performance than POSP in terms of RMSE (0.026 vs. 0.040)
and fulfillment of optimal requirement (±0.03) (82.1 %
vs. 63.0 %).

Overall, the AERONET validation results show that the
POSP/GF-5(02) GRASP aerosol product has good consis-
tency with the ground-based AERONET aerosol reference
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dataset, not only for AOD but also for detailed aerosol prop-
erties including AODF, AODC, AE, and SSA. The valida-
tion results are basically comparable with previous aerosol
products, such as OLCI/GRASP and TROPOMI/GRASP, in
which the TROPOMI product outperforms the other two
products for most of the statistical metrics. POSP AOD vali-
dation performance is comparable with OLCI, while AE over
land from POSP seems slightly better than OLCI, and the
number of AE and SSA retrievals available for validation is
also higher. This is a preliminary validation exercise for the
POSP aerosol product to obtain a general picture of the prod-
uct quality and the instrument performance. In the future,
more in-depth analysis of the product will be needed once
more data are produced, and the definition of the pixel-level
quality flag is also on the to-do list for the POSP product.

4.3 Intercomparison of POSP, MODIS, and VIIRS
aerosol and surface products

In this section, the POSP/GF-5(02) GRASP aerosol and
surface product is intercompared with widely used NOAA
and NASA aerosol and surface products, including NOAA-
20 VIIRS DB aerosol product (AERDB_L2_VIIRS_NOAA-
20) and MCD43C3 surface white-sky albedo. In order to
compare the products at the same grid, we therefore re-
grid POSP/GRASP 10 km, VIIRS/DB 6 km, and MCD43C3
0.05° pixels onto a common 0.2°×0.2° grid box, and then the
intercomparisons are performed for all 0.2°×0.2° grid boxes
globally. We still use similar criteria to select high-quality re-
trievals for re-gridding. Specifically, for the POSP/GF-5(02)
product, we require the relative fitting residual to be smaller
than 5 % over land and ocean; for VIIRS/DB, we use the
original retrievals with quality assurance QA≥ 2 over land
and ocean.

Figure 11 shows the global spatial distribution of GF-
5(02) POSP/GRASP (Fig. 11a) and NOAA-20 VIIRS/DB
(Fig. 11b) AOD (550 nm) in 2022, and the pixel-level dif-
ference of daily AOD (550 nm) averaged over the entire
year (Fig. 11c). On the one hand, the two products cap-
ture the global major aerosol features, such as Sahara dust,
Taklimakan dust, southern African smoke, South American
smoke, and high AOD over the Indo-Gangetic Plain (IGP).
On the other hand, the two AOD products show non-
negligible differences in the AOD absolute values with spa-
tial variability. For example, POSP/GRASP AOD (550 nm)
is generally 0.05–0.15 higher than VIIRS/DB over the
desert regions (the Sahara, Taklimakan, and Arabian Penin-
sula), and POSP/GRASP AOD (550 nm) is slightly 0.03–
0.10 lower than VIIRS/DB over the central and southern
African biomass-burning region and the Indian region. Sta-
tistically, the 1-year global all grid boxes’ AOD (550 nm)
metrics between POSP/GRASP and VIIRS/DB are pre-
sented in Fig. 12. Based on ∼ 10 million matchup grid
boxes (5.3 million over land and 4.4 million over ocean),
the grid-to-grid AOD (550 nm) linear correlation coeffi-

cients (R) between POSP/GRASP and VIIRS/DB are 0.675
over land and 0.746 over ocean, with differences (POSP-
VIIRS) +0.043 (1σ = 0.182) over land and −0.029 (1σ =
0.074) over ocean. Generally, the AOD intercomparison re-
sults are reasonable, while not as good as our previous ex-
ercise for TROPOMI/Sentinel-5p vs. VIIRS/SNPP (Chen et
al., 2024a). One intrinsic reason is that the difference in
satellite overpass time is a few hours between GF-5(02) and
NOAA-20, in contrast with a few minutes between Sentinel-
5p and SNPP. Besides, there are some potential reasons that
need to be verified in the future, for example, the data qual-
ity, calibration accuracy, and cloud mask. Additionally, the
ocean AOD (550 nm) validation in Fig. 6b shows that there
seem to be some outliers in the POSP ocean products; for ex-
ample, the RMSE is 0.091 in contrast with typical values of
around 0.04–0.05 obtained from our previous processing of
TROPOMI and OLCI. Meanwhile, the intercomparison be-
tween POSP and VIIRS AOD (550 nm) over the ocean also
shows larger SD of 0.074 (Fig. 12) than 0.055 between OLCI
and MODIS, and 0.033 between TROPOMI and VIIRS, in-
dicating less stability in POSP AOD over the ocean. There
are three potential reasons: (i) the cloud mask does not func-
tion well and leads to cloud contamination in some pixels
(Fig. 11), which may be an intrinsic issue due to its relatively
coarse spatial resolution (6.4–20 km) from POSP; (ii) there
are radiometric calibration issues in POSP SWIR channels;
and (iii) the wind speed is not used to constrain angular prop-
erties of the ocean surface BRDF in POSP processing, which
has been shown to stabilize ocean AOD retrievals in previous
OLCI and TROPOMI processing.

Figure 13 shows the global spatial distribution of GF-5(02)
POSP/GRASP and NOAA-20 VIIRS/DB AODF (550 nm)
and AODC (550 nm) in 2022, and the pixel-level differ-
ence of daily AODF and AODC averaged over the entire
year. Note that the VIIRS/DB fine-mode fraction (FMF)
is only available over the ocean, provided by the Satellite
Ocean Aerosol Retrieval (SOAR) algorithm (Sayer et al.,
2018a, b). The intercomparison of AODF and AODC is
performed over the ocean only. The 1-year global all-grid-
boxes AODF (550 nm) and AODC (550 nm) metrics between
POSP/GRASP and VIIRS/DB are presented in Fig. 14. Some
clear tendencies are identified for AODF and AODC over
the ocean. Specifically, POSP/GRASP AODF (550 nm) is al-
most everywhere 0.01 higher than VIIRS/DB, while POSP/-
GRASP AODC (550 nm) is generally 0.02–0.05 lower than
VIIRS/DB. These results are also supported by AERONET
validation, where POSP seems to overestimate AODF while
underestimating AODC over the ocean (Figs. 8b and 9b), and
in the AE validation (Fig. 7b), where POSP seems to un-
derestimate particle size (overestimate AE) over the ocean.
This is potentially associated with the coarse models (dust
and oceanic maritime) used in GRASP/Models. Overall, the
agreement between the two satellites’ AOD, AODF, and
AODC products generated with two independent algorithms
is generally reasonable, with R around 0.7–0.75, RMSE
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Figure 11. Spatial distribution of the 1-year (2022) AOD (550 nm) from GF-5(02) POSP/GRASP and NOAA-20 VIIRS/DB. The pixel-level
difference of AOD 550 nm on a daily basis between POSP and VIIRS averaged over a year is presented at the bottom as POSP/GRASP–
VIIRS/DB.

around 0.18 over land and 0.08 over the ocean for total
AOD, and RMSE around 0.05 for AODF and AODC over
the ocean.

For the surface product, we intercompare POSP/GF-5(02)
GRASP and MODIS MCD43C3 surface white-sky albedos
at blue (442 nm vs. MODIS Band 3), red (670 nm vs. MODIS
Band 1), NIR (865 nm vs. MODIS Band 2), and SWIR
(2254 nm vs. MODIS Band 7) channels. The intercompari-
son strategy is the same as in our previous study (Chen et al.,

2022b, 2024a), where all global 0.2°× 0.2° grid box inter-
comparisons are performed using monthly means. We should
note that the MODIS MCD43C3 product is an accumulation
of 16 d TERRA and AQUA data and is weighted to the day
of interest; therefore, we use the data on the 15th day of each
month to approximate the MODIS monthly mean surface
albedos. In addition, the differences in the channel center
wavelength and the bandwidth between POSP and MODIS
differ. Therefore, the objective of the intercomparison exer-
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Figure 12. Probability density function (PDF) of all global 0.2°×
0.2° grid box AOD (550 nm) differences between VIIRS/DB and
POSP/GRASP over land and ocean.

cise is to get a general idea of the two surface albedo products
and analyze some trends that may be related to instrument
performance.

Figure 15 shows the spatial distribution of 1-year
POSP/GF-5(02) and MODIS MCD43C3 BHRiso (white-
sky albedo) at blue, red, NIR, and SWIR channels. Statis-
tically, the 1-year global all-grid-boxes BHRiso metrics be-
tween POSP/GRASP and MODIS MCD43 are presented in
Fig. 16a, together with the monthly variation of the white-
sky albedo differences between POSP and MODIS in 2022
in Fig. 16b (visible channels) and Fig. 16c (NIR and SWIR
channels). The surface optimal (±0.01) and target (±0.02)
requirements used in this study are formulated in the ESA
S5P+I AOD/BRDF project (Litvinov et al., 2024). Because
the surface is the dominant TOA signal in general, we
observe quite consistent global spatial variability between
POSP and MODIS BHRiso at blue, red, NIR, and SWIR
channels. The best agreement between the two products is
observed at the two visible channels (blue and red), espe-
cially at 670 nm. The global differences (POSP-MODIS) are
around 0.002–0.003, with 1σ variation of about 0.023, and
the fulfillment of target and optimal requirements are∼ 75 %
and∼ 50 %, respectively. While the differences become large
at NIR (−0.022, 1σ = 0.038) and SWIR (−0.046, 1σ =
0.057) channels. In addition, the SWIR channel difference
is even larger (around −0.08 to −0.1) over Sahara and other
desert regions, which is potentially connected with the over-
estimation of fine-mode particles over desert regions (Fig. 4b
and e). Certainly, we must acknowledge the difference be-
tween the two channels (POSP 2254 nm vs. MODIS 2105–
2155 nm). We should note that the spectral difference can be
quite significant in this range due to the absorption of dif-
ferent surfaces (Caplan and Huemmrich, 2025). Taking into
account the new instrument POSP and the general challenges
with the calibration of SWIR channels, we infer that the cal-

ibration of POSP SWIR channels may underestimate high
values. This is an inference from the intercomparison analy-
sis of indirect surface albedos that needs further verification
with the Level 1 calibration team.

5 Data availability

The developed POSP/GF-5(02) aerosol and surface
products are publicly available and registered at
https://doi.org/10.57760/sciencedb.14748 (Chen et al.,
2024c).

6 Summary and conclusions

In this study, we provide a detailed description of the
development of aerosol and surface Level 2 product and
the processing scheme for the first space-borne UV–VIS–
NIR–SWIR multi-spectral cross-track scanning polarime-
ter (POSP) on board the Chinese GF-5(02) satellite based
on the GRASP/Models approach. Since POSP is a new po-
larimeter collecting both intensity and polarimetric measure-
ments at UV, VIS, NIR, and SWIR channels, we intend
to verify the performance and feasibility of the instrument
through the development of aerosol and surface products,
validation, and the intercomparison with reference datasets
and other independent satellite products. The total 18 months
of POSP/GF-5(02) measurements from December 2021 to
May 2023 was processed, and the obtained global aerosol
and surface properties are evaluated and delivered as the
baseline POSP product. We will continue to process the data
and deliver up-to-date POSP/GF-5(02) aerosol and surface
products.

Generally, we found the POSP single-view, multi-
spectral (UV–VIS–NIR–SWIR) polarimetric measurements
provide rich information content for aerosol and surface
characterization, not only for total aerosol optical depth
but also for detailed properties including aerosol size, ab-
sorption, layer height, type, etc. We provide spectral AOD,
AODF, AODC, AE, and SSA ranging from UV to SWIR,
and aerosol scale height and columnar volume concentration
for four aerosol models: BB (BC and OC), urban (sulfate),
oceanic (sea salt), and dust (mineral dust) in the POSP/GF-
5(02) aerosol product. In addition, the POSP/GF-5(02) sur-
face product includes full BRDF and BPDF parameters, de-
rived black-sky and white-sky albedos, and vegetation index
NDVI.

The validation of the full-year 2022 POSP aerosol prod-
uct against ground-based AERONET reference data shows
generally good agreement. Specifically, the correlation co-
efficients R for AOD (550 nm) are around 0.82–0.87 over
land and ocean, and RMSEs are within 0.12 over land and ∼
0.09 over ocean. The fulfillment of the AOD GCOS require-
ment is around 48 % and 55 % over land and ocean, respec-
tively. For aerosol-particle-size-related parameters (AODF,
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Figure 13. Spatial distribution of the 1-year (2022) (a, c, e) AODF (550 nm) and (b, d, f) AODC (550 nm) from GF-5(02) POSP/GRASP
and NOAA-20 VIIRS/DB. The pixel-level difference of AODF and AODC at 550 nm on a daily basis between POSP and VIIRS averaged
over a year is presented at the bottom as POSP/GRASP–VIIRS/DB.

Figure 14. Probability density function (PDF) of all global 0.2°×
0.2° grid box AODF (550 nm) and AODC (550 nm) differences be-
tween VIIRS/DB and POSP/GRASP over ocean.

AODC, and AE), POSP AODF (550 nm) shows good consis-
tency with the AERONET SDA product with R around 0.8
both over land and ocean, and the bias is within 0.015.
POSP AODC (550 nm) has a good correlation coefficient
with AERONET with R of 0.93 over land and 0.79 over
ocean, while POSP tends to overestimate (0.02) AODC over
land and underestimate AODC (0.03–0.04) over ocean. Simi-
larly, the validation of POSP AE indicates that POSP tends to
underestimate particle size (overestimate AE) over the ocean,
and this tendency is also observed over bright land surfaces,
especially over desert regions where POSP tends to overesti-
mate AE and fine-mode AOD.

The POSP/GF-5(02) aerosol and surface products are
then intercompared with VIIRS/NOAA-20 DB aerosol and
MODIS MCD43 surface products globally at a common
0.2°× 0.2° grid box. Based on the intercomparison over ap-
proximately 10 million grid boxes, POSP/GRASP and VI-
IRS/DB total AOD (550 nm) show reasonable agreement
with R around 0.7–0.75, RMSE around 0.18 over land and
0.08 over ocean, and POSP global mean AOD (550 nm)
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Figure 15. Spatial distribution of the 1-year (2022) POSP/GF-5(02) and MODIS MCD43 BHRiso (white-sky albedo) at blue, red, NIR,
and SWIR channels. (a) POSP 442 nm vs. MODIS B3 459–479 nm. (b) POSP 670 nm vs. MODIS B1 620–670 nm. (c) POSP 865 nm
vs. MODIS B2 841–876 nm. (d) POSP 2254 nm vs. MODIS B7 2105–2155 nm. The pixel-level difference on a monthly basis between
POSP and VIIRS averaged over a year is presented at the bottom as POSP/GRASP–VIIRS/DB.

Figure 16. (a) Probability density function (PDF) of all global 0.2°× 0.2° grid box white-sky albedo differences between MODIS/MCD43
and POSP/GRASP. Monthly variation of the white-sky albedo differences between POSP and MODIS in 2022: (b) visible channels and
(c) NIR and SWIR channels. The error bar indicates the 1σ variation of the differences (POSP–MODIS).

is approximately 0.04 higher than VIIRS over land and
0.03 lower than VIIRS over ocean. Over land, POSP tends
to report higher AOD than VIIRS over desert regions, where
POSP seems to always overestimate the fine-mode contri-
bution. This phenomenon can be associated with the POSP
polarimetric calibration or SWIR channel radiometric cali-
bration. For AODF and AODC over ocean, POSP/GRASP
generally reports higher AODF and lower AODC than VI-
IRS/DB. This can also be connected with POSP radiomet-

ric calibration and the coarse-mode assumptions used in
the GRASP/Models approach. The intercomparison between
POSP/GRASP and MODIS MCD43 surface white-sky albe-
dos shows overall good consistency in VIS channels (blue
and red), while POSP tends to report smaller white-sky albe-
dos at NIR (−0.02) and SWIR (−0.045) channels than those
from MODIS, which is possibly due to signal attenuation that
requires recalibration.
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In the past, for Chinese satellite missions, the ground
segment has been somewhat insufficiently prioritized. Here,
some lessons are learned during the development of the
global aerosol and surface products from the POSP on board
the GF-5(02) satellite. (i) Some useful and important pixel-
level identifications or classifications are missing or need im-
provement in Level 1 data. For example, the cloud mask is
not well documented and does not function well. We rec-
ommend including additional surface identifications (such
as coastline, mixed land and water, snow, ice, and saline
lakes) and auxiliary data, potentially from reanalysis datasets
(such as gas concentrations, wind speed, etc.), which are
very helpful for developing high-quality Level 2 products.
(ii) On-orbit calibration requires continuous efforts and con-
sistent iteration with proper versioning of the product. Over-
all, the POSP/GF-5(02) baseline aerosol and surface Level 2
product is developed and will continue to process and re-
lease the product, which verifies the good performance of
the first space-borne multi-spectral cross-track scanning po-
larimeter (POSP).
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