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SUMMARY

The results of using remote sensing data to study the volcanic activity of Etna and its impact on
aviation from August 1 to 16, 2024, are presented. Timely detection of danger, monitoring of volcanic
activity and volcanic ash clouds using satellite data, forecasting the movement of volcanic ash clouds,
issuing warnings to pilots, and assigning safe routes to aircraft to avoid volcanic ash clouds, all
contribute to ensuring the safety of civil aviation flights by the requirements of the International Civil
Aviation Organisation.
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Introduction

The presence of volcanic ash in the atmosphere poses a serious threat to aircraft. Volcanic ash
damages turbojet engines, clogs the air pressure receiver system, penetrates the air conditioning and
cooling systems of equipment, and contaminates electrical and electronic equipment, fuel, and
hydraulic systems. In addition to the potential to cause an aviation accident in the air, volcanic ash
also results in significant economic losses in aviation. Volcanic ash is detected based on the analysis
of satellite data, ground observations, and observations from aircraft transmitted by pilots. The
relevance of the research topic lies in the need to monitor volcanic activity on international air routes,
ensure control of the volcanic ash cloud, warn pilots of the danger, and assign safe routes for aircraft
to fly around volcanic ash clouds. Further improvements in volcanic ash cloud monitoring techniques
to improve aviation safety on international air routes can be focused on improving satellite sensors,
improving the functional stability of the volcanic ash cloud monitoring process under destabilizing
influences (Mashkov et al., 2022), and improving satellite data processing algorithms. To implement
these improvements, international cooperation and standardization are necessary, as provided for in
the documents of the International Civil Aviation Organization (ICAO, 2015; ICAQO, 2012).

Method and Theory

During the study, the web resource "Copernicus Browser" (Copernicus Browser, 2025) was used to
search and analyze online satellite images of medium and low spatial resolution from the "Sentinel-2"
satellite to study the volcanic activity of the Etna volcano and its consequences for the aviation sector
in the period from August 1 to 16, 2024. The study of the nature of the distribution of sulfur dioxide
concentration by air masses in the eruption zone of the Etna volcano from August 1, 2024 to August
16, 2024 was carried out using data from the "Sentinel-5P" satellite (TROPOMI) of the web resource
Copernicus Browser (Copernicus Browser, 2025) and the online service Air Mass Movement Online
(Air Mass Movement Online, 2025).

In addition, in the study region in the period from August 1 to 16, 2024, the following were analyzed:

1) images of the Ash Plum from the eruption of the Etna volcano according to the NASA
Worldview resource (NASA Worldview, 2025) (MODIS/Terra Corrected Reflectance);

2) thermal points in the area of the Etna volcano and adjacent areas according to the NASA
FIRMS resource (NASA FIRMS, 2025) MODIS spectroradiometer, Terra and Aqua satellites);

3) sulfur dioxide layer (the Atmospheric Infrared Sounder (AIRS) Prata SO, Index in Near-Real
Time) from the eruption of the Etna volcano according to the NASA Worldview resource (NASA
Worldview, 2025) (Aqua/AIRS);

4) sulfur dioxide concentrations in four layers: planetary surface layer (corresponding to a center
of mass height of 0.9 km); lower troposphere (corresponding to a center of mass height of 3 km),
middle troposphere (corresponding to a center of mass height of 8 km), upper troposphere and
stratosphere (corresponding to a center of mass height of 18 km) according to NASA Worldview
resource data (NASA Worldview, 2025) (from the Ozone Mapping and Profiler Suite (OMPS) sensor
on the joint NASA/NOAA Suomi NPP satellite).

Results of investigations

Recently, Mount Etna (Sicily, Italy) has been showing constant activity, including eruptions of lava
and volcanic ash. Mount Etna is the largest active volcano in Europe. It is located in an area of active
civil aviation traffic. The distance from Catania—Fontanarossa Airport (IATA: CTA, ICAO: LICC) to
Mount Etna is 33 km. At the first stage of the research, using the Google Earth resource (Google
Earth, 2025), we determined the distance and terrain profile from Catania—Fontanarossa Airport to
Mount Etna. We analyzed the average density of aircraft flow in the area affected by volcanic
emissions from Mount Etna according to the online service Flightradar24 (Flightradar24, 2025).

During the study, the web resource "Copernicus Browser" was used to search and analyze satellite
images based on data from the "Sentinel-2" satellite to study the volcanic activity of the Etna volcano
and its consequences for the aviation sector in the period from August 1 to 16, 2024. During the
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analysis of satellite images, specialized combinations of SWIR (Shortwave Infrared) channels and
False color (urban) were used to determine the position of volcanic ash clouds; a special Thermal
Anomaly (Lava Flow Detection) script was used to detect lava flows (Fig. 1A); and a special Ash and
Smoke Plume Detection script was used to detect volcanic ash clouds and smoke plumes (Fig. 1B).

Figure 1. Satellite images of Sentinel 2 from August 4, 2024, using a special Thermal Anomaly script
(A) and a special Ash and Smoke Plume Detection script (B), showing the activation of the Etna
volcano

The study revealed the presence of a thermal anomaly, which was recorded in the southern part of the
Etna volcano from August 1, 2024, and ceased to be recorded from August 16, 2024. Also, according
to the analysis of satellite images and the processing performed, it turned out that the powerful
activation of the Etna volcano with a lava eruption with lava flows began to be recorded on August 4,
2024 and was most active on August 14, 2024.

Studies of thermal points in the area of the Etna volcano and adjacent territories were carried out from
August 1 to 16, 2024, according to the NASA FIRMS program (MODIS spectroradiometer, Terra and
Aqua satellites). As a result of this stage of research, the presence of a thermal anomaly in the central
part of the crater of the Etna volcano was determined since August 04, 2024. Since August 14, 2024,
the appearance of an additional significant thermal anomaly in terms of area was observed in the
western part of the slope of the volcanic cone of the Etna volcano. On August 15, 2024 (Fig. 2A), a
large-scale thermal anomaly was observed in the area of Etna volcano and surrounding areas,
covering the central craters of Etna volcano, as well as the western, northern, and eastern parts of the
slopes of the volcanic cone (Fig. 2B).
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Figure 5. Thermal points in the Etna volcano and surrounding areas according to the NASA FIRMS
program data with the Volcanoes layer for August 04, 2024 (A) and for August 15, 2024 (B) (MODIS
spectroradiometer, Terra and Aqua satellites)

The appearance of thermal anomalies of a significant area may be associated with the rise from depths
in the area of their location close to the surface of molten magma, which released significant thermal
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energy and due to the spread over a significant area of the gushing lava on August 14, 2024. We
analyzed images of the ash plume from the eruption of the Etna volcano according to the NASA
Worldview (MODIS/Terra Corrected Reflectance) resource in the period from August 1 to 16, 2024.
A powerful ash plume in the study area was recorded from August 4 and August 14, with a significant
decrease in the volume of ash emissions on August 16, 2024.

We analyzed the sulfur dioxide layer (using the Prata algorithm) from the eruption of the Etna
volcano according to the NASA Worldview (Aqua/AIRS) resource for the period from August 1 to
16, 2024 (Fig. 3). It shows the amount of sulfur dioxide in the atmosphere in Near-Real Time,
measured in Dobson Units (DU). The highest concentrations of sulfur dioxide in the study region
during the period from 1 to 16 August 2024 were recorded on 4 August (Figure 3A), 15 August
(Figure 3C) and 16 August (Figure 3D) 2024. On the day of the powerful eruption of Etna on 14
August, the sulfur concentration in the atmosphere was relatively small (Figure 3B) compared to 4
and 15 August 2024.

Figure 6. Sulfur dioxide layer (Prata dlgorithm) formed by the eruptions of Etna volcano on August
4, 2024 (A), August 14, 2024 (B), August 15, 2024 (C), August 16, 2024 (D) from Aqua/AIRS based on
NASA Worldview data

We also compared the concentration of sulfur dioxide in the study area from August 1 to August 16,
2024 in four layers: the planetary surface layer (corresponds to a center of mass height of 0.9 km); in
the lower troposphere (corresponds to a center of mass height of 3 km), the middle troposphere
(corresponds to a center of mass height of 8 km), the upper troposphere and the stratosphere
(corresponds to a center of mass height of 18 km) according to data from the NASA Worldview
resource (from the Ozone Mapping and Profiler Suite sensor on the joint NASA/NOAA Suomi NPP
satellite). This allowed us to see at what altitude the density of sulfur dioxide was highest in the period
from August 1 to August 16, 2024. After comparing each layer, it was found that the planetary surface
layer up to a height of 0.9 km demonstrates the highest level of sulfur dioxide in the center of the
plume and the transport of sulfur pollution over long distances, which is also confirmed in the
dynamics of the spread of increased sulfur concentration in the period from August 4 to 16, 2024.
Since the spread of sulfur dioxide was significant for the lower, upper troposphere and stratosphere on
August 4 and August 15, 2024, this indicates powerful explosive eruptions of Etna with the formation
of mainly columns of gas and ash on these days (level 6 on the explosiveness scale). On August 14,
2024, the spread of sulfur dioxide was significant for the lower troposphere, and noticeable for the
upper troposphere and stratosphere, which indicates explosive eruptions of the paroxysm type (level 5
on the explosiveness scale). On this day, explosions from the Etna volcano included lava fountains up
to a height of about 9.5 km above sea level and columns of gas and volcanic ash.
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The distribution of sulfur dioxide concentrations in air masses was also analyzed according to
Sentinel-5P (TROPOMI) data of the Copernicus Browser web resource (Copernicus Browser, 2025)
and the online service Air Mass Movement Online (Air Mass Movement Online, 2025). A significant
increase in the concentration of sulfur oxide from the crater of the Etna volcano and its distribution
according to the Sentinel-5P satellite data begins on August 10, 2024 and increases on the day of a
powerful lava flow on August 14, 2024, then the increase in sulfur oxide spreads significantly on
August 15, 2024 and significantly decreases on August 16, 2024. Unfortunately, data from the
Sentinel-5P satellite on the concentration of sulfur oxides near the Etna volcano from August 01 to 10,
2024, are locally unavailable. Despite this, monitoring the concentration of sulfur oxide according to
the Sentinel-5P satellite data makes it possible to monitor volcanic activity in real time, which is very
important for ensuring aviation safety.

According to the results of the complex of studies conducted, it was determined that on August 4,
2024, August 14, 2024, and August 15, 2024, powerful explosive eruptions of the Etna volcano
occurred, which created problems for aviation activities in the region on these days. On these days,
there was a direct threat to aircraft flying in the zone of influence of explosive emissions from the
Etna volcano, and on these days, Catania—Fontanarossa Airport (IATA: CTA, ICAO: LICC) was in
the zone of movement of volcanic ash clouds.

Conclusions

The complex of remote sensing methods used in the study made it possible to investigate, through the
analysis of satellite images, the volcanic activity of the Etna volcano and its consequences for aviation
in the period from August 1 to 16, 2024. Timely detection of danger, monitoring of volcanic activity
and volcanic ash clouds using satellite data, forecasting the movement of volcanic ash clouds, issuing
warnings to pilots, and assigning safe routes to aircraft to avoid volcanic ash clouds, all contribute to
ensuring the safety of civil aviation flights by the requirements of the International Civil Aviation
Organisation.
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