Synergistic hyperspectral ground-based and sunphotometer inversion of measurements
or the retrieval of gas concentration and aerosol properties using GRASP
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Motivation

Hitherto, GRASP (Generalized Retrieval of Atmosphere and Surface Properties) (Dubovik et al., 2021) has been fully focused on the retrieval of aerosol and surface properties, gas absorption was traditionally treated as a correction of the
affected channels by the influence of gas absorption lines. The former gas absorption model of GRASP was based on simple column and channel integrated values of Gas Optical Depth (GOD) that were fixed in input data. The advantages of
a more complex and sophisticated gas absorption model in GRASP are numerous. First of all, because the simple gas corrections made for the retrieval of aerosol and surface in the previous schemes can be improved with extended
information of the pressure-temperature profiles and collocated measurements of gas concentrations. Thus, the higher precision in the modelling of gas absorption presents a high potential increase of the accuracy of the retrieved aerosol

and surface products. However, the extended capabilities of GRASP to model more precisely gas absorption lines imply the synergic inclusion of hyperspectral measurements and channels strongly affected by gas absorption lines to
retrieve simultaneously aerosol and surface properties with gas concentrations. Here are presented the preliminary results of the combined retrieval of hyperspectral measurements coming from PSR (Grobner and Kouremeti, 2019)

spectrometer and the AERONET (Holben et al., 1998) sunphotometer. The spectral characteristics of both instruments allowed a significant sensitivity increase to both: the aerosol parameters already retrieved by the AERONET-like
standard product and simultaneously the total column concentration of NO,.

Gas absorption modeling K-Distribution calculations validation

For the validation of the K-Distribution implementation in GRASP, almucantar-like geometries in different spectral

K-Distribution (FaSt methOd) vs LBL (Detailed method) bands has been simulated to compare the obtained radiancle value|s with L.BL or K-IDistribLIJtion m[ethodologies

0.6r —— (03 340 nM

SOLAR __—pandgrazmﬂm

e AERONET 440 nm -
OLCI 19 899 nm

Yo
©
I

1ln. . Gas Absorption
Look Upl Table 9 orofiles In the solar part of the spectrum the

\ channel width and the magnitude of
| GRASP | the gas absorption lines play a

FW Model fundamental role in the required
F | number of bins for a proper simulation
Atmospheric Abs.  Citeration in comparison with the more accurate
Press-Temp — line-by-line approach.

Cfm'.tizd as] -0 6—.
rofiles ' . | |
p Inversion

module

o
N

LBL

_ LBL —KDist ¢
o
o

—0.2F

Rad Diff

_0.4_

LBL Gas Absorption
code (CGASA)

Doppler et al.,
(2014a)

r r = 80
—— CLIMAT 9 um - Azimuth/2
_____________________________________________________________________ —— CHMAT-}1-m—

— amrizim - Thermal infrared

In order to perform a more complete
characterization of the K-Distribution technique
some TIR calculations have been done. The
highest uncertainty in comparison with the solar
part is the higher spectral width of the channels
and the spectral Planck variations that are not

80 100 ‘ ' 160 accounted for in the actual implementation.
Azimuth/°

Constraining hyperspectral aerosol modeling: Non-linearity between gas absorption and
Components approach concentration

Accounting for a elevated number of channels in specific spectral regions provides GRASP inversion
with a high information content for the retrieval of gas absorption. However, aerosol optical properties

present a much smoother behavior. As an alternative to the smoothness spectral constraints used in
other GRASP applications here the components approach has been selected.

35— | _ Maxwell-Garnett

Yo
o
IS

‘————_————_——

ot
N

i . .
1 Gas absorption vertical

L . - . . ., profiles are considered as
K-Distribution Bin Weights and Bin , constant, a concentration

. > N . . .
Code (Kbin) absorption profiles | renormalization is performed
1 between iterations

LBL

_ LBL —KDist o
)
o

|
o
N

Rad Diff

e O e G e e e
|

©

N

Doppler et al., (2014b)

|
o
o

| For the application of this hyperspectral
| retrievals to large sets of measurements
| the use of look-up-tables is mandatory in
usstandard | order to perform the inversion in feasible
0.0156700 - Tropical . . .

periods of time. The influence of the
| assumptions for the calculation of the
LUT’s are analyzed here.

0.0156775F

0.0156750r

0.0156725F

3.0r 0.0156675F

Absorption efficiency / DU™!

N
5]

0.0156650F

N
o
T

0.0156625

0.1 f .' 0.4 0.5 0.6 f . |
TCC NO2 / DU US S.tandard
Tropical

=
Ul

Real Refractive Index
Real Refractive Index

=
o
T

Meanwhile for some gaseous species the

. A P _|_3(f1flf22’fn+fz;2;§;‘1) influence of the P-T atmospheric profiles

o Hack carbon nemmmt tpiomep e - is not significant in other cases is a crucial
uartz

o ronodde factor to account for. On the other hand,

Soluble

\ we have found that for water vapor
_ X _ The volume fractions of the different simulations a linear concentration

M/l/ efA— components /) are the retrieved ' renormalization is not enough for a
DA S e S R parameters instead of the refractive

—<— Brown Carbon |

w
o
T

N
Ul
T

N
o
T

=
ul
T

Absorption efficiency / DU~

=
o
T

o
U

Imaginary Refractive Index
Imaginary Refractive Index

o
o

proper simulation. | .' 15 2.0
TCC H20 / DU

8 9 10 11 12 :
Wavelength / um Wavelength / um index.

PSR spectrometer + AERONET sunphotometer Synthetic Retrieval Test
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