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Motivation: SO, Profiling
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Motivation: SO, Profiling

SO, lifetime: ~ few days
Sulfate aerosol lifetime: ~ weeks
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SO, lifetime: ~ several weeks
Sulfate aerosol lifetime: ~ years
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Source: https://so02.gsfc.nasa.gov/so2intro.html#:~:text=Sulfur%20dioxide%20has%20a%20short,if%20precipitation%200ccurs%2C%20acid%20rain.



Motivation: SO, Profiling

Early 1980s:Total Ozone Mapping Spectrometer (TOMS) detected volcanic sources

1995: Global Ozone Monitoring Experiment (GOME) detected anthropogenic
sources

2000s-2010s: Ozone Monitoring Instrument (OMI), SCanning Imaging Absorption
spectroMeter for Atmospheric CHartographY (SCIAMACHY), Global Ozone

Monitoring Experiment-2 (GOME-2), Ozone Mapping and Profiler Suite (OMPS)
monitored regional and global SO, as well as point source emissions

2017:TROPOspheric Monitoring Instrument (TROPOMI) measures SO, with
unprecedented spatial resolution, 3.5 km by 7 km (3.5 km by 5.5 km since 6 August
2019)



Motivation: SO, Profiling

Importance of retrieving SO, Profiles:

(1) Important consideration for aviation (recall sulfidation reactions in engines)

(2) Significance to atmospheric chemistry and climate (e.g.,, how will volcanic eruptions
affect climate forcing?)

(3) Estimation of SO, emissions (need vertical distribution of SO, for emission estimate)

(4) Important consideration for human health exposure

(5) Ground-based validation opportunities for satellite measurements of SO, plume heights,
such as the TROPOMI COBRA SO, Layer Height (Theys et al., 2022)

Dimitropoulou, E., Hendrick, F., Friedrich, M. M., Tack, F., Pinardi, G., Merlaud, A., Fayt, C., Hermans, C., Fierens, F., and Van Roozendael, M.: Horizontal distribution of tropospheric NO, and
aerosols derived by dual-scan multi-wavelength multi-axis differential optical absorption spectroscopy (MAX-DOAS) measurements in Uccle, Belgium, Atmos. Meas. Tech., 15, 4503—4529,
https://doi.org/10.5194/amt-15-4503-2022, 2022.



Methods: Pandora MAX-DOAS
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Volcanic Plumes at Pandora Sites

PandoralOl at Izana Pandoral44 at Eureka-PEARL
Cumbre Vieja erupted from September 19 — Raikoke erupted on June 21-22,2019
December 2021 * Emitted 1.5 Tg of SO, to the
* Emitted 0.5 Tg of SO, to the atmosphere atmosphere
* Estimated plume heights of 3-5 km, * Estimated plume heights of |3 km,
indicating no stratospheric injection indicating stratospheric injection
® lzana located ~140 km away from volcano * Reached Eureka, Nunavut on 4 July 2019

Objective: using Cumbre Vieja and Raikoke as case studies,
enable SO, profiling and downwind plume height
determination from ground-based Pandora instruments




Case Study |: Cumbre Vieja Plume at Izana
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Source: https://earthobservatory.nasa.gov/images/event/148881/eruption-at-la-palma

Eruption of Cumbre Vieja (Oct. 4, 2021)
Source: ISS




Data: BIRA-IASB/DLR/ESA/EU Copernicus Program

Sentinel-5P/TROPOMI - 06/21/2019
SO, mass: 13.74 kt; Area: 761638 km?; SO, max: 13.41 DU

log[SO, column, DU]
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Case Study 2: Raikoke Plume at Eureka-PEARL

Eruption of Raikoke (ﬁme_22, 2019)
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Source: https://so2.gsfc.nasa.gov/pix/special/2019/raikoke/raikoke_tropomi_so2stl_0621-07062019.html




Methods: Pandora SO, Profiling

MAX-DOAS Optimal
T Analysis SO, differential Estimation 7= o
S > slant column > 2o
multi-axis spectra densities (dSCDs) profiles

Questions:

Can Pandora multi-axis data be used to successfully derive plume heights from volcanic
eruptions!?

What is the spatiotemporal distribution of the SO, plume heights downwind?

Can this method be successfully used for other events with high SO, conditions, such as near
power plants, oil refineries, etc.?

10



Methods: Pandora MAX-DOAS

Pandora UV

multi-axis spectra
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Case Study |: SO, dSCDs at Izana

802 dSCD (molec/cmz)
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Next: SO, dSCDs to SO, Profiles

Pandora UV
multi-axis spectra

MAX-DOAS
Analysis

>

SO, dSCDs

Optimal
Estimation

>

SO, vertical
profiles
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Next: SO, dSCDs to SO, Profiles

SO, dSCDs

Optimal Estimation algorithm:
Mexican Maxdoas Fit (MMF),
developed by Martina M. Friedrich

SO, vertical
profiles

‘ Run through the radiative transfer

model VLIDORT v2.7

y=F(x,b) + n

1 _1

Get modelled
dSCD output

Start with a priori SO, profile
(exponentially decreasing profile with

H=0.5 km:...this was challenging!)
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Next: SO, dSCDs to SO, Profiles

SO, dSCDs

Compare differences

Optimal Estimation algorithm:
Mexican Maxdoas Fit (MMF),
developed by Martina M. Friedrich

SO, vertical
profiles

‘ Run through the radiative transfer

model VLIDORT v2.7

y=F(x,b) + n

1 _1

Get modelled
dSCD output

Start with a priori SO, profile
(exponentially decreasing profile with

H=0.5 km:...this was challenging!)
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Next: SO, dSCDs to SO, Profiles

Optimal Estimation algorithm:
Mexican Maxdoas Fit (MMF),
developed by Martina M. Friedrich

SO, dSCDs

Minimize differences model VLIDORT v2.7

y=F(x,b) + n

1 _1

Get modelled  Iteratively update
dSCD output SO, profile

SO, vertical
profiles

‘ Run through the radiative transfer




Results: SO, Profiles at Izana
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Results:

SO, Profiles at Izana (Sept 2021)
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Results: SO, Profiles at |

zana (Oct 2021)
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Results: SO, VCDs at Izana (Sept to Oct 2021)
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Results: SO, Profiles at Izana
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Results: SO, Profiles at Izana
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Case

Study 2: SO, dSCDs at Eureka-PEARL
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Results: SO, Profiles at Eureka-PEARL (4 July 2019)

802 Profiles on 04 Jul 2021
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Pandora SO, Profiling: Future Work

* SO, dSCDs
* Can QDOAS settings be further optimized!?

SO, Profiles
* Can profile results be obtained with predominantly no errors?
* How do the profiles compare to satellite measurements of SO, layer heights, in
situ surface SO,, and ground-based SO, columns!?

* Can this work be expanded to more PGN sites, such as sites with anthropogenic SO,?
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PGN Sites with Elevated SO,
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Thank you!

Questions?



