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ABSTRACT Monitoring active volcanoes is crucial for social, environment and economic aspects, especially in a densely populated area as Mt. Etna In ltaly. Since the ‘80s surveillance approach has displayed an intense and rapid growth also thanks to fast technological advances. Thought, satellite-based
observation nowadays still lie beyond ground-method, in the next decade this technique is a potential candidate to overcome and/or integrate ground-observation. This thanks to its potential ability to record multi-parameter data and to the flexibility for large-scale tracking volcanic SO, cloud at high temporal and
spatial resolution. The European Space Agency project "Study on an End-to End system for volcanic ash plume monitoring and prediction’ (SMASH and SACS-2) explore the ability of polar-orbiting satellite instruments for retneving quantitative measurement of volcanic SO, and ash clouds parameters. Here, we
present the Mt. Etha SO, measurements retrieved by MODIS, |1AS], GOME-2 and OMI and their companson with the ground-based DOAS monitoring network (FLAME). Case-studies were selected in the range of the 18 lava fountains episodes occurred at Mt. Etha in 2011. Due to the short timing of the paroxysmal
episodes a selection has been performed in order to have contemporaneous detection of the SO, cloud both from satellite sensors and ground network. Results has been obtained in terms of the different measurements of SO2 mass in the volcanic clouds and their respective uncertainty. The agreement between

the satellite and the ground measurements has been investigated. For all the sensors retrievals the comparison has been considered a validation when the two measurements are within the respective errors. Results of this study suggest that satellite retneval is a promising volcano monitoring tool for SO, volcanic

Mt. Etna 2011 Lava fountains events

Between 12 January 2011 and 27 April 2013 Etha produced thirty-
eight basaltic lava fountains from a new volcanic vent opened on the

eastern flank of the South East Crater.

The eruptive episodes were
characterized by a paroxysmal
phase which lasted on average

about one hour and were preceded
by mild strombolian activity and often
by lava flow. Every paroxysm formed
an eruption column ranging from 5 to
11 km of height above sea level and
tephra fallout was mainly spread out
on the eastern sectors of the volcano
LS L e Ly (Fig 1). Most of them have been
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Figure 1. Picture taken on 20-8-2011 activity (Behncke et al., 2014).
cotrfesy of B. Behncke

From these eruptive episodes the most energetic lava fountains
have been chosen as suifable to be measured by space sensors.

In late 2004, an automated network of UV

scanning spectrometers was developed and
installed by the Geochemistry group of INGV-OE
migrating from discrete to automatic, real-time,
high-resolution S02 flux measurements. The
FLux Automatic MEasurement FLAME network
consists of 9 UV scanning spectrometers (Fig 3)
spaced ~7 km apart installed at an altitude of
~8900 m a.s.l. on the flanks of Mt. Etha. Processed
data are transmitted via GSM modem to the INGV
Observatory, where the SO2 flux is computed and
displayed in realtime in the INGVY 24-hour
operational room, providing near instantaneous
information on degassing rates and plume
location. Fig 2 shows a measurement scheme.

Figure 2. Scheme of UV-Scanner
recorded spectra over a pluime
cross section.

Figure 3. (a) and (b) shows the innrer and oufer components of one UV-scanner stafions.

cloud observation providing day-night integration in the day-light ground-based SO, measurements records.
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The validation of satellite SO, products has been performed selecting a subset of eruptive episodes following the criteria of availability of correlative data and SO2 products from both
SMASH and SACS-2. The satellite SO, products contains column load (DU) and the cloud altitude {Km a.s.l.) derived using different algorithm developed by SMASH and SACS-2 project
partner using MODIS, I1ASI, GOME-2 and OMI data capturing the Mt. Etha SO, cloud (figs 4 to 7). They are briefly described In the following table 1:

IVIDDIS Terra and Aqua IASI MetOp-A and MetOp-B GONIE-Z IVIetDp-A and IVIetOp-B 0|V||

a) _. _. _. a)

Figure 4. MODIS SO, product (10 Aprif 12:27 GMT): Figure 5. IASI 50, product (10 Aprif 19.43 GMT): Figure 6. GOME-2 S50, product (20 August 09.12 GMT). '

a) SMASH produced by INGV and a) SMASH produced by UNIOX and a) SMASH produced by DRL and Figure 7. OMI SO, products
LI | | I h) SACS-2 produced by RAL h) SACS-2 prodiuced by ULB. h) SACS-2 produced by BIRA. (12 August) SMASH
Tablei: Satelfife SQ. products produced by Fli!

50, MASS CONIPARISON BETWEEN SATELLITE AND GROUND DATA
The Lava fountain events selected has been: 10 April, 12 August and 20 August 2011. The comparison has been between the SO2 mass calculated from the SO, satellite product and the
ground independent SO, mass obtained by the re-analysis of Flame SO, flux data shown In figs 8, 10, 12. For each of the satellite product MODIS, |AS]I and GOME-2 the SO, mass has

been calculated as cumulative mass and averaged over the detected area. In figs 9, 11, 13 the results of comparison are reported for the selected events. In the case of satellite passes
during the lava fountain event, the SO, amount from Flame network has been recalculated considering the amount of SO, in the time lapse from the start time of lava fountain and time
of satellife pass.

10 April 2011 10. 05 12.57 GMT 12 Auust 2011 08. 18 10.48 GMT 20 August 2011 07.00 - 07.53 GMT

Sy Fluk max 12265 td 10523 GMT | max 6373 A 0912 GMT ' | o FIx max 12164 td 07 43 GMT

Flam [l dwpe-1]
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Figure 8. FLAME S50 Flux 10 Aprif Figure 8. S0, Mass Comparison Figure 10. FLAME SO, Flux 12 August Figure 11. 50, Mass comparnson Figure 12. FLAME SO, Flux 20 August  Figure 13. SO, Mass compatison

CROSS-CORRELATION
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The cross-correlation is between products derived using same instrument but different retrievals algorithms. The test cases for ONCOLUSIONS

Mt. Etha 2011 Lava Fountains events have been
selected when ground data have been available
and satellite SO, product has been refrieved.
From the comparison each of SO, product |ASI,

cross-comparison of MODIS, |AS]I and GOME-2 sensors in terms of cloud detected area, SO2 Column Content and cloud altitude
are in the following figures 14,15 and table 2 and 3 for:

Event | MODIS AD | IASI AD (%) | GOME-2

(k) AD (%) e e e e e e e e MODIS and GOME-2 can be considered validated
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a) 10 Aprif 19.42 )11 Apnf 05.03 GMT.  a) 10 Aprif 19.42 b) 11 Aprif 08.03 GMT. Table 2: SO, cloud detected area (DA). | fountaining.




