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Bromine monoxide measurements in volcanic plumes from S5-P/Tropomi 5899006
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Motivation Ambea & Ambrym, Vanuatu Mt. Agung, Indonesia

27.11.2017 29.11.2017

Active bromine compounds including bromine monoxide (BrO) affects Ambae volcano:
atmospherlc Chemlstry . s o v 2017 . : - : ot ' | ‘ . o Tropomi BrO/SO2 ratio on 23.11.2017

Bromine/sulphur ratio is linked to volcanic activity

Tropomi small spatial resolution (3.5x7 km) allows to:
- resolve small plumes

- Better statistic due to more pixels in plume ‘ ,

In combination this yields the potential for: - TR R e ) N e R
- more precise observation of the BrO/SO, ratio of plume e e LI A e e e I A SR B

- long term monitoring of BrO & BrO/SO, ratio at many volcano due to the | | SO, Siant colun dersly molecer®) <10
more frequent detection Of Bro = ji ropomi r'.‘. [Q?;m‘.,xe ) on 14.12. ‘ »10 TrnanlBrO!SOZratlc;nn14.12.201? Ambae: LOW BrO/SOZ ratlo

BrD.-'SDZ Ratio: 3.7081e-05
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Tropomi SO2 VCD (geom., x1e+16) on 27.11.2017 - Tropomi SO2 VCD (geom., x1e+16) on 29.11.2017
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e Error: 9.1602e-06

23.11.: BrO clearly detectable
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from Ambae volcano
14. & 19.12: BrO below
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Algorithm retrieval

L1012 Tropomi BrO/SO2 ratio on 27.11.2017

detection limit. | i
BrO/SO, ratio agree between
1-3x10.

Ambrym: BrO rich plume

14.12.2017

BrO Slant column density [mol ecfcmz]
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Trop_omi fiti _ _ Volcanic Bromine retrieval: o s s s 0 ms
- linearized DOAS Fit (Beirle, 2013) - Retrieve BrO & SO,

- Fast (30-60 min for one day of dataona - SO, \VVCD used as tracer of

SO2 Slant column density [molecfcm2J
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Ambrym volcano:
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x BrDa'SOz Ratio: 6.0967e-04
s Error: 2.7424e-05
R*=0.28821
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BrO Slant column density [molecfcmz]
BrO Slant column density [molecfcmz]
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e Error: 5.8271e-06
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19.12 comparable to Hormann, Strong increase in BrO/SO, ratio between 27 & 29.11
2013 (3.44x104)

19.12: clear SO, signal from _

both volcanoes, BrO only Conclusion

detectable over Ambrym

Includes pseudo-absorber for ISRF Stratospheric background
change over orbit correction outside of

13.12.2017

DOAS fit settings (HOormann, 2016): volcanic plume

Range area’ Where SOZ iS elevated 966 1665 167 1675 168 1685 169 169.5 170 1705 ‘1§|‘%.155_5 167 15;_5' 15a. 155_;"{159 159_‘5 170 1705
SO 312.1- 0, (213K & 233K), 03 x A*(Pukite, 2010), Ring Spectrum
2 324nm (V?/agner et al, 2009), SO, (Bogumil et al., 273K) CaICUIate BrO/SOZ mOIar
336 - See above + BrO (Wilmouth et al, 1999, 228K), O, (203K) ratio in plume area using a
il e g GRS linear fit (Cantrell, 2008)

802 Slant column density [molecfcmzj

Both volcanoes: The high spatial resolution of Tropomi allows for

-— Bromine monoxide detection:

L - Over weak volcanic plumes

- To seperate Bromine signals from closely

,, adjacent volcanoes (e. g. Ambrym & Ambae)

S [ e ) e N Monitor changes in BrO/SO2 ratio over course of

x BrD.-'SDz Ratio Ambrym: 1.3672e-04
e Error Ambae: 1.468e-05

e | B volcanic eruptions (e. g. Mt. Agung)
Monitor BrO/SO, ratio of constant degassing
volcanoes (e. g. Etna), ratio similar to ground

Mt. Etna, Italy Rann of Kutch based data
Detection of single day events over salt marsh

Tropomi SO2 VCD (geom., x1e+16) on 28.01.2018 Tropomi BrO VCD (geom., x1e+13) on 28.01.2018 i ot Tropomi BrO/SO2 ratie on 28.01.2018 m
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Tropomi SO2 VCD (geom., x1e+16) on 19.12.2017 Tropomi BrO VCD (geom., x1e+13) on 19.12.2017
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BrD/SO2 ratio

TropOMI BrO VCD (geo.) [10" molec/cm?] 28.11.2017
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19.12.2017

BrO Slant column density [mol ecfcmz]
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d d - ,, Tropomi SO2 VCD (geom., x1e+16) on 13.12.2017 .  Tropomi BrO VCD (geom., x1e+13) on 13.12.2017 %1013 Tropomi BrO/SO2 ratio on 13.12.2017 1 3 & 1 9 1 2 . B O I I
standard computer) the volcanic plume 4 5 " RYRGR IR % T - .14, BrU Clearly
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N ; g ied ey . * January: no monsoon, but low . |

RERRELE N R e R -2 A . e Disclaimer: The presented work has been performed in the frame of the
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A B A R S R 0 L L BrO emissions S|m||ar to Sentinel-5 Precursor Validation Team (S5PVT) or Level 1/Level 2 Product
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it R A W B A e R T A ’ 1 Working Group activities. Results are based on preliminary (not full

Hormann, 2016 e s e o peminary (not. ully
calibrated/validated) Sentinel-5 Precursor data that will still change.

28.01.2018

low BrO/SO, ratio: 3.698E-5 | |
almost no BrO’ : 2 . y R TR e Acknowledgement: sentinel-5 Precursor is a European Space Agency
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Similar SO, plume signal

Tropomi SO2 VCD (geom., x1e+16) on 19.02.2018

Differential Optical Absorption Spectroscopy (DOAS)
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