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Develop a methodology capable of monitoring
volcanic ash clouds during first hours.

Kelud 2014

« Proximal Clouds: near source ash clouds,
microwave millimetre-wave (MW-MMW)

« Distal Clouds: volcano's vent distant ash
clouds, thermal-infrared (TIR)

The algorithm (MW'MMW aIld TIR'IR): S o 5 Credit: The Gua.rdian
«  Cloud Identification

« Mass Estimate

Case studies:
« Kelud 2014
« Calbuco 2015
- Etna 2021

Credit: The (]L}ar_c_liz_m
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. Satellite data
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Propulsion Module
Mass: 2128 Kg

Power: 2285W
Storage: 268 Gb 2
Data Rate: 300Mbps Propulsion Tank

165.50
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Solar Array

Cell Side Nadir TT&C Antenna

88.20 Suomi-NPP
The satellites objective is to provide atmospheric measurements such as: Suomi-NPP is a sun-synchronous, near-
« temperature circular, polar orbit satellite positioned
« humidity at an altitude of 824km, with an
« clouds inclination angle of 98.74° , a period of

wind speed on sea surface
atmospheric ozone content

101 minutes, a repeat cycle of 16 days.
It is in orbit since 28 October 2011.
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‘Methods: Two detection approaches

Microwave-Spectral-Difference (MSD) 1.1

Near the volcanic vent, most of the volcanic ash clouds are
opaque in the infrared region being optically thick.

The MSD is a two step identification procedure [Marzano et al.
2013]:

1. (Window) All the clouds are detected in the scene:
* MSDy, = BTi656Hz — BTss.20 gHz

2. (Absorption) Ash clouds are separated from meteorological
clouds:

* MSD, = BTi83 61z — BT165 6Hz

Brightness Temperature Difference (BTD) 1.2

In the range of 8 to 14 um silicate particles absorb more
radiation at around 8-11 pum, whereas water particles absorb
more at higher wavelengths (12-14 um) [Prata et al. 2001].

Ash clouds can be identified by selecting pixels which have a
BTD below a fixed threshold (tgrp) [Wen & Rose 1994]:

BT11um — BTi2um < terp

O

Random Forest model:

Tree 1
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Methods: Mass estimate @v
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IResults: Kelud

Near source cloud detected by MW-MMW and TIR-IR sensors, with instantaneous total mass estimations

for Kelud eruption occurred in 2014.
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Results: Calbuco Ev

Near source cloud detected by MW-MMW and TIR-IR sensors, with instantaneous total mass estimations for
Calbuco eruption occurred in 2015.
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IResults: Etna

Distal cloud by the TIR-IR sensor, with instantaneous total mass estimations for Etna eruption occurred in
2021.

ATMS - 14/12/2021 at 12:37 UTC
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Conclusions & Beyond @&v

Conclusions:
Detection:
« The BTD approach returns poor results in terms of proximal cloud detection.
« The MSD approach is particularly effective during the first stages of the eruption.
« RF proximal balances FP and FN and reduces thresholds dependence.
Retrieval:
« The MLE and NN estimates are in line with the parametric formula.

Beyond:
Detection:
« RF proximal approach identifies more classes: "ash on meteo", "ash on land", "ash
on water”.
« RF proximal approach collects more data to consolidate the results .
Retrieval:

« Improve the RTM by:

« considering the water vapour correction also for MW-MMW observations.
« considering the volcanic particles of irregular shape.
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