Improved retrievals of SO, plume height and column density

using TROPOMI UV band 2 measurements
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|. Abstract

Sulfur dioxide (SO,), emitted by volcanoes, can
significantly impact the aviation, human health,
ecosystems, climate and atmospheric chemistry. While
nadir-viewing satellites have been providing valuable
iInformation on the SO, vertical column density (VCD) for
decades, the retrieval of its layer height (LH) represents
a more recent advancement, although essential for
several applications, e.qg., the air traffic safety,
atmospheric and climate models, volcanic research and
estimations of SO, emissions. In the ultraviolet (UV), the
spectral fitting algorithms are often time-consuming, and
still lack sensitivity and accuracy, especially for low SO,
amounts In the upper troposphere and Ilower
stratosphere (UTLS) [1-5]. Here, we present an
iInnovative approach (see Methodology), based on the
Look-Up Table COvariance-Based Retrieval Algorithm
(LUT-COBRA) [6] for the high-spatial resolution
TROPOspheric Monitoring Instrument (TROPOMI)
onboard the Sentinel-5 Precursor (S-5P) satellite [7].
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Fig. 2: (a) SO, LH biases from BD2 LUT-COBRA within 305-320 nm; (b) SO,
LH errors from both TROPOMI UV bands.

Il. Methodology
LUT-COBRA Is an Iterative approach assuming a
linearization of the measured top-of-atmosphere total

optical depth, yyeas, around the SO, signal, yso, i, as
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with ygg the background contribution (e.g., O;) and e the
error, so that the SO, LH and VCD can be retrieved from
A A 11\ Teoo _
Xi+1 = Xj + (k'irs 1ki) k'1'1‘S 1(Ymeas — ¥s0,,i — Y)1
where k; denotes the jacobians and all the contributions

other than SO, are characterized by a generalized error
covariance matrix S and a mean spectrum y.

To enhance the SO, retrievals, we have exploited the
second UV spectral band (BD2) of TROPOMI, rather
than the third band (BD3) traditionally used for the sulfur
dioxide. This choice Is motivated by the finer spectral
properties of TROPOMI and stronger SO, absorption in
the short UV (see Fig. 1).

lll. Sensitivity tests on synthetic spectra

We have first performed SO, retrievals from set of syntheti

TROPOMI measurements to assess the impact of va
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Fig. 1: (a) SO, and O5; ACS in the UV; (b)
SNR of TROPOMI UV BD2 and BD3.

C spectra representative of typical
rlous spectral, atmospheric, and

observation conditions in BD2 (see Fig. 2). Overall, our results highlight the significant

Influence of ozone on the retrieved plume height biases

and show that BD2 yields more

precise SO, height estimates, particularly in the UTLS. From these synthetic analyses, a

detection limit of 2 DU has been found.

V. LUT-COBRA applied to real TROPOMI BD2 measurements
Then, our BD2 retrieval algorithm has been applied to real TROPOMI observations of
volcanic emissions and compared with available correlative measurements.

As a demonstration case, we compare, in Fig. 3, the SO, LHs and VCDs retrieved from BD2 and BD3 for the 2019 Raikoke eruption. An excellent

agreement Is observed between both bands.

Furthermore, in Fig. 4, we apply BD2 LUT-COBRA to a challenging case, with low SO,
amounts, namely the 2024 Etna eruption. Our approach is in line with BD3 estimations
from LUT-COBRA and the S-5P operational product, while providing additional insights.
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Fig. 4: TROPOMI SO, LHs from BD3 (a) and BD2 (b) LUT-COBRA, and the operational product (c), for the 2024 Etna
eruption.

V. Conclusions and perspectives

In this study [8], we have used the TROPOMI BD2 to improve |z 1
the SO, plume height retrievals in the UV. Starting from LUT- By ¥
COBRA, synthetic sentivity analyses have shown an enhanced |@*™"|
precision of our approach compared to BD3, especially in the
UTLS, with an error reduced by a factor 2 and a detection limit

as low as 2 DU.

Then, applying the refined algorithm to real TROPOMI data, we | |
find BD2 retrievals to be consistent with BD3, while providing S L0E IISE 12E  1E S 105 1ISE 15
additional Iinformation on the SO, plume. Overall, the SO, | )
heights are slightly lower but more aligned with IASI and MLS,

and the derived SO, masses are systematically higher.

Future work will focus on assessing aerosol effects and

processing long-term TROPOMI data series to

Investigate the atmospheric sulfur budget and its variability.
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Fig. 3: SO, LHs (a) and VCDs (b)

Our algorithm can also
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from TROPOMI BD3 and BD2 observations of

the 2019 Raikoke eruption, using LUT-COBRA.

process dispersed plumes more

efficiently than BD3, as shown in Fig. 5 for the 2024 Ruang
eruption. We observe that BD2 LHs are globally lower, but
In better agreement with IASI and MLS, than BD3. Note,
however, that the estimated SO, masses are higher.
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Fig. 5: SO, LHs from TROPOMI BD3 (a) and BD2 (b) observations, compared to data from the descending (c) and
ascending (d) orbits of the Infrared Atmospheric Sounding Interferometer (IASI), for the 2024 Ruang eruption; the
corresponding SO, mass profiles are shown in (e), while (f) provides the SO, density profiles measured from the

Microwave Limb Sounder (MLS).
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