
In recent years, many studies concerning the monitoring of volcanic activity have been carried out in order to better manage the emergency phase related to
an eruption event. The main issue which such events involve is related to the aviation security, the ash particles may indeed cause engine stall and other
structural damages to other parts of the aircraft. For this reason, a fast and reliable method which allows to monitor the volcanic plume is mandatory in order
to define as soon as possible no-fly zones. Satellite instruments, with their large coverage and high revisit time, and Neural Networks (NNs), with their brief
processing time once properly trained, represent suitable tools for this purpose.
In our work we deal with the volcanic ash detection by means of a NN-based model trained with Terra-Aqua/MODIS (MODerate resolution Imaging
Spectroradiometer) data and then applied to Sentinel-3/SLSTR (Sea and Land Surface Temperature Radiometer) data, given that the two sensors have similar
spectral characteristics and spatial resolutions. Since the wide availability time series of MODIS data [2], they have been used to extract the training patterns
from which the NN has to learn during the training phase. As test case the 2019 Raikoke eruption has been considered. The Raikoke volcano is located in the
Kuril Island chain, near the Kamchatka Peninsula in Russia (48.3°N, 153.2°E). On June 21, 2019 at about 18:00 UTC Raikoke started erupting and continued
erupting until about 03:00 UTC on 22 June, 2019. During this period, Raikoke released large amounts of ash and SO2 into the stratosphere.
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Raikoke eruption on 22 June 2019 – ISS image

A MultiLayer Perceptron Neural
Network (MLP NN) [1] has been trained
with MODIS data collected during the
2010 Eyjafjallajökull (Iceland) eruption,
and then applied to SLSTR data
collected during the 2019 Raikoke
eruption to classify SLSTR pixels in eight
objects/surfaces. A semi-automatic
procedure which exploits MODIS
radiances and standard products has
been developed in order to create the
training dataset to be used during the
learning phase. The patterns extraction
for the ash class is realized through the
BTD (Brightness Temperature
Difference) method [3].

Date Time UTC Platform

6 May - JD 126 11.55 Terra

9 May - JD 129 12.25 Terra

11 May - JD 131 12.10 Terra

11 May - JD 131 13.50 Terra

11 May - JD 131 14.05 Aqua

12 May - JD 132 12.55 Terra

13 May - JD 133 12.00 Terra

13 May - JD 133 13.40 Terra

Date Time UTC Platform

22 June 00.07 Sentinel-3A

22 June 22.00 Sentinel-3A

22 June 23.01 Sentinel-3B

22 June 23.40 Sentinel-3A

MODIS and SLSTR images considered
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MOD/MYD 021KM: Level 1B Calibrated Radiances
MOD/MYD 03: Geolocation
MOD/MYD 06_L2: Cloud Product
MOD/MYD 09: Surface Reflectance Product
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Classified Product True Positive False Negative False Positive
S3A/SLSTR - Raikoke 22 June 2019 at 00.07 UTC 71.8 % 8.2 % 20 %
S3A/SLSTR - Raikoke 22 June 2019 at 22.00 UTC 89.1 % 9.5 % 1.4 %
S3B/SLSTR - Raikoke 22 June 2019 at 23.01 UTC 74.3 % 24.9 % 0.9 %
S3A/SLSTR - Raikoke 22 June 2019 at 23.40 UTC 66.7 % 32.1 % 1.2 %
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Classification accuracy of the ash class for each SLSTR classified product.

The NN is able to characterize the whole image, in particular the model detects the volcanic plume
as ash above meteorological clouds (cyan pixels). Despite the challenging scenario with a wide
distribution of weather clouds, the comparison between the standard technique and the NN
classification shows an overall good accuracy with a percentage of true positive (i.e. pixels classified
as ash by both NN and BTD) always higher than 70% except for one case.

In this work a new approach for volcanic particles detection procedure, based on satellite’s sensors
(MODIS and SLSTR) and neural networks, are described. The algorithm has been developed for the
SLSTR instrument on board of the Sentinel-3 satellite.
The proposed algorithm allows the full characterization of the SLSTR image by identifying, among
the volcanic cloud, the surfaces under the cloud itself, the meteorological clouds (and phases), land
and sea surfaces.
As test cases some SLSTR products collected over the Raikoke volcano area during the 2019 eruption
have been considered.
The results show that BTD standard procedure (threshold of BTD < -0.4 C°) and NN based approach
identify the volcanic cloud nearly in the same area of each SLSTR image.
Further developments are under consideration in order to improve the NN accuracy and ability to
generalize even over other eruptive scenarios.


