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17-year journey of passive sensing of aerosol layer height

2025. Che et al., AOCH over
bright surface; Lu et al.,
aerosol vertical profile; AOCH

2021
algorithm to NOAA
irst retrieval of absorbing aerosol height

over dark target using TROPOMI oxygen A
and B band, RSE, Chen, Wang et al.

2019, Detecting layer height of smoke aerosols
over vegetated land and water surfaces via
oxygen absorption bands: Hourly results from
EPIC/DSCOVR satellite in deep space

First Mapping of Monthly and Diurnal Climatology of Saharan 2023
Dust Layer Height Over the Atlantic Ocean From ——
EPIC/DSCOVR in Deep Space, GRL., Lu Wang et al.

Hourly Mapping of the Layer Height of Thick Smoke
Plumes Over the Western U.S. in 2020 Severe Fire
Season, FRS, Lu, Wang, et al.,

Can multi-angular polarimetric measurements in the
oxygen-A and B bands improve the retrieval of aerosol
vertical distribution? JQSRT, Chen, Wang, et al.

Passive remote sensing of /2017, Passive remote sensing of altitude and optical depth of
aerosol height, in Remote dust plumes using the oxygen A and B bands: First results from
Sensing of Aerosols, Clouds, and EPIC/DSCOVR at Lagrange-1 point, GRL, Xu, Wang, et al.,

Precipitation, Xu, Wang, et al. in
Remote Sensing of Aerosols,
Clouds, and Precipitation

2016, Polarimetric remote sensing in O2 A and B bands:
Sensitivity study and information content analysis for vertical
profile of aerosols, AMT, Ding, Wang et al.

2_014, A numerical testbed for remote sensing of aerosols, and its use for Thanks to
evaluating retrieval synergy GEO-CAPE and GOES-R, JQSRT, Wang et al. NASA,

2008, High-spectral resolution simulation of polarization of skylight: sensitivity NOAA,
to aerosol vertical profile, GRL, Zeng, Wang, & Han. ONR ...



EPIC AOCH [km]

1.

New version of EPIC-AOCH algorithm with surface constraint
Support operational TEMPO-AOCH product

Surface reflectance BRDF (R,):

Optimal AOD and R minimizes cost functions at both
443 nm and 680 nm (k©58°

2. Climatology of surface reflectance ratio between
443 nm and 680 nm:

0.5°x0.5° seasonal data from 2020-2022 EPIC
observations
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Validation with CALIOP AOCH:

The overestimation of old EPIC AOCH product is improved.
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Retrieval of Aerosol Optical Centroid Height (AOCH) using TEMPO
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Inderjeet Singh

Aerosol Ext. Coeff. (km™?)

("B)

49,98 Lat("N)
+87.89 Lon (“E)

("E)



Extend TEMPO capability: ABI/GOES-R
TEMPO + GOES-R: Viewing from different angles and channels

TEMPO: UV and VIS spectrometer
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GOES-West and GOES-East: ABl  (Jim Carr et al.)

ABI Band | Native ABI Nesting within TEMPO Purpose
(nm) Resolution (km) | Pixel Numbers (EW x NS)

6 x2 Aerosol, Cloud
640 0.5 12 X 4
870 1 6 x2 Vegetation
1380 2 3 x1 Cirrus
1610 1 6 x2 Snow/Ice

2250 2 3x1 Surface, Cloud




Synergistic TEMPO and ABI measurements

Multi-channel and multi-angle measurements help AOD and AOCH retrieval

Flowchart for aerosol retrievals:

Synergistic ABI
L1B TOA
radiance (B1-B6)
469, 639, 870,
1379, 1610, 2250
nm @SZA, VZA <

70°
- /

No Retrieval

| TEMPO L1B UV&VIS spectrum @SZA, VZA < 70° |

v
Convolved TOA radiance
354, 388, 443, 469, 550, 639, 680, 688

[ 354-388 nm UVAI calculation ]

)

\Water

-Glint angle < 30°

-Uniformity & Brightness test (870 nm)
-Cirrus clouds test (1379nm)

-Spectral slope: kg39 1610, k639,2250
-Cirrus clouds test (1379nm)

A Cloud & sun-glint mask ) _ Lloud & | mas
-Uniformity & Brightness test

Y

S

(Surf. pressure: MERRA-2
-Surf. refl.: Cox-Munk
Surf. wind speed: MERRA-2

-MODIS MAIAC BRDF climatology
MCD19A3)

) [sm. pressure: MERRA-2

J

ﬁ ust or Smoke (L2250/L469) ! 1

|

to 2120nm BRDF climatology

550 to 2120nm

J

{ fAOD and cAOD dependent bimodal !
. _dust/smoke model from AERONET _

land surf refl.: 469, 639, 550 Fland surf refl.: retrieve from Lyosg E
tBRDF ratio climatology: 469, 639,

LUT for dust || ------- UNL-VRTM 1, LUT for smoke ||
+___Simulations____
v

[

Minimize cost function

443, 550, 469, 639 & 680 from TEMPO + ABI (different geometries)

]

Dl AOD & fmf retrievals ]

-
Least-Square Method
688/680 ratio from TEMPO
|

[

NetCDF output @ ~2*4.5 km (TEMPO) resolution
-UVAI; AOD @ 443, 550, 680 nm; fmf; AOCH (AODggq > 0.2)

)

A. Include more NIR channels to improve cloud mask.

Scattering angle (°)

Different scattering angles:
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D. Potential to retrieve

B. Help classify dust and smoke aerosols using the ratio between 2250 nm and 469 nm.

C. Improve surface reflectance simultaneous retrieval using NIR.

more information
fmf) of aerosols

(e.q.

besides AOD and
AOCH using multi-
angle multi-channel

measurements.




Probability Density

Probability Density

Cloud screening combining TEMPO and ABI channels
High resolution ABI channels help identify subpixel clouds

Reflectance tests (TEMPO + ABI):
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High spatial resolution of ABI VIS channels (0.5-2 km) help identify subpixel
clouds. Spectral slopes and additional NIR bands of ABI improve the
classification of clouds (including cirrus) and smoke plume.



Simultaneous surface BRDF retrieval from ABI
Assume the signal at 2250 nm is from surface only under cloud-free conditions

* BRDF model: _ o _
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AOD and AOCH retrieval for smoke plume

TEMPO UV, VIS, O, B band + ABI NIR band
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» AOD retrieval is highly correlated with AERONET (R > 0.9) but overestimated with small bias (~0.05).

» AOCH retrieval is comparable with ATLID/EarthCARE.
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Conclusions

» An improved EPIC AOCH algorithm with more surface constraints is being used for retrieving
AOD and AOCH from TEMPO (in collaboration with SAO).

» Combining TEMPO UV-VIS including O, B bands with synergistic ABI NIR band from GOES-
R helps classify cloudy pixels and retrieve surface reflectance simultaneously in aerosol
retrieval.

» Preliminary results of TEMPO-ABI AOD and AOCH retrievals are robust. Compared with
AERONET, AOD shows the strong correlation (R > 0.9), but is slightly overestimated.
TEMPO-ABI AOCH retrieval is comparable with ATLID/EarthCARE.

» Further improvement and development of this TEMPO-ABI AOCH algorithm, as well as the
its test/fusion of Version 4 TEMPO data are still ongoing. More information about aerosol
model will be expected.
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Previous work: AOCH retrieval from 02 absorption band

quasi-Gaussian distribution

EPIC/DSCOVR at Lagrange-1 orbit
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