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Linearised DOAS fit (Borger et al., 2020)

SO, DOAS fit: T 0 ]
E 3
= S5-P/TROPOMI, S4 & S5 verification algorithm s
= Standard (SR): 312.1nm — 324nm 2 420 E
= For higher SO, loads: o
» Medium (MR): 318.6nm — 335.1nm 8N 102!

» Alternative (AR): 323nm — 335.1nm
» Large (LR): 360nm — 390nm (only for two eruptions)

= Selection based on SO, SCD
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BrO DOAS fit:
= Standard: 323nm — 360nm
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BrO retrieval

BrO VCD (geom.) on 25 December 2018
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Eruption of Mt. Etna, Italy
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Local stratospheric correction using pixels outside

Eruption of Mt. Etna, Italy

of volcanic plume (SO, VCD<2x1016)
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Automated plume detection MAX-PLANCK-INSTITUT 12053885
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Automated algorithm:

= Based on SO, map i S02 VCD (geom.) of event 0002 on 25.12.2018 x10"°

= On 5°x5° grid e R [ RS o BN ¥

= Adjacent grid boxes with SO,>5x10'6
molecules cm-2

40 =
Event processing:

= BrO-SO, scatter plot
= BrO/SO, ratio calculated from slope
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Example: medium size eruption

Mt. Etna, 29 January 20109:

= Localized plume, large SO,
= Clear linear correlation between BrO and SO,

BrO VCD (geom.)
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BrO VCD (geom.)
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Mt. Etna, 29 January 2019: BrO/SO, ratio:

= Slope of BrO-SO, scatter plot

= Calculated from pixels above SO,
detection limit:

= S0, > 4*04, (typically 2-3x1026)

= Localized plume, large SO,
= Clear linear correlation between BrO and SO,

SO, VCD (geom.) BrO VCD (geom.)
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# of Events Significant BrO

Four years of S-5P/TROPOMI data (2018-2021) Classification

= 3979 plumes detected
= 1414 detections of BrO
= Mostly linear BrO/SO, ratios
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All data
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Linear BrO/SO2 ratios
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ldentify volcanoes:

%106
= One SO, plume on map from volcano 41 20
= Activity reported by Global volcanism Program 18
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= 43 volcanoes
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Catalogue of BrO/SO, ratios:

= Max. SO, 300 km from volcano
» Linear BrO/SO, ratio
= 2756 of 3375 events (colored)

Weighted mean BrO/SO, ratio for each volcano
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unassigned

Sierra Negra, Ecuador
Fernandina, Ecuador
Sangay, Ecuador

Nevado del Ruiz, Colombia
Poas, Costa Rica

Masaya, Nicaragua

Fuego, Guatemala
Popocatepetl, Mexico
Kilauea, USA

Veniaminof, USA
Shishaldin, USA
Sheveluch, Russia
Klyuchevskoy, Russia
Bezymianny, Russia
Karymsky, Russia

South Kamchatka, Russia
Lemonosov, Russia
Raikoke, Russia
Nishinoshima, Japan

Taal, Philippines

Mayon, Philippines
Sinabung, Indonesia
Kerinci, Indonesia

Anak Krakatau, Indonesia
Semeru, Indonesia

Raung, Indonesia

Agung, Indonesia
Lewotolok, Indonesia
Soputan, Indonesia
Karangetang, Indonesia
Dukono, Indonesia
Manam, Papua New Guinea
Ulawun, Papua New Guinea
Bagana, Papua New Guinea
Ambae, Vanuatu

Ambrym, Vanuatu

Yasur, Vanuatu

Piton de la Fournaise, France
Nyamuragira, DR Congo
Nyiragongo, DR Congo

La Palma, Spain

Etna, Italy

Fagradalsfjall, Iceland



latitude

cee0e. -
«0QQe @
0000000
oXeX Yol I X 3

MAX-PLANCK-INSTITUT T

LR ¥ J Rl

FUR CHEMIE e0@0.

2x107™

1x107

5x10™°

\ I | I \ | | -

-150 -100 -50 0 50 100 150
longitude



BrO/SO, Catalogue

Hot spot volcanoes:

= First BrO/SO, detections
= All single BrO/SO, <1x10*
= Low mean BrO/SO,: 2...5 x10-°

Subduction zone (Arc) volcanoes:

= Mean BrO/SO,: 2...14x10°
= Volcano specific differences

» First detection of BrO/SO, ratio for
30 volcanoes

» Doubles number of volcanoes
(from 30 to 60)
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Kilauea, USA
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Ground-based data: Ambrym | w0 olo e | 00 s _
= Gutmann et al., 2018 Front. Earth Sci.
= From 2003-2015 -> no overlap Etna - XK HABIOOTOOOX. X AKX | ) T
= Generally good agreement
Masaya |- o X | x x |
Manam, Papua New Guinea:
_ _ Nevado del Ruiz |- LS+ - .
= Liu et al., 2020, Sci. Adv.
= Measurements in May 2019 : ¢ oo m—
Nyiragongo [ - .
Nyamuragira - R P R .
Popocatepetl | ok X x - TROPOMI (this study) | |
% Gutmann et al., 2018
. L Liu et al., 2020
Manam - + Kuhn & Warnach, 2017 |
| | | | I | |
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BrO/SO, ratio <107
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Manam, Papua New Guinea:

= Liu et al., 2020, Sci. Adv.

= Measurements in May 2019

= 26 May plume directly above
instrument & agreement
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BrO detectable in 1000km distance

= Sign of BrO recycling
= Statistical decrease infers information about lifetime of reactive bromine

<1074 Plume evolution Etna
5 T T T T L r T T T T T T T xl T T T T T T T | T T T T T 1T T T T T T L
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A global perspective on Bromine monoxide

composition in volcanic plumes derive:

from S5-P/TROPOMI
3 .

S. Wamach'3, H. Sibler!,C. Borger',

Automatic plume algorithm applied to almost four years of S-5P/TROPOMI data

iobrowski'%, 5. Schmatt’, M. Schér B

= In total 3979 SO, events detected worldwide
= 1414 events with enhanced BrO
= Neighbouring volcanoes distinguishable

BrO/SO, Catalogue

Mean BrO/SO, for 43 volcanoes

30 first detections of BrO/SO, ratio
Hot spot volcanoes: low BrO/SO, ratio

Agreement with ground-based data i

Detect?on at small, localized plumes and major eruption plume Come to my poster: #548
» Detection at global volcanoes! > Plume chemistry
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