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The purpose of the implemented research is to study application of GIS technologies for processing
remote sensing data on the example of the Cumbre Vieja volcano eruption. The object of the research
is eruption of the Cumbre Vieja volcano, comprising the southern half of the Spanish island of La Palma
in the Canary Islands, which began on September 19, 2021 at 15:12 local time and officially ended on
December 25, 2021. Since the main task of the work is to study GIS methods to analyse consequences
of the volcano eruption the several approaches of GIS analysis were applied. In the first part of the
research, we analyzed various band compositions to get proper results and to highlight the lava flows
and make their outlines more visible. Next step was to study applications of vegetation indices and as
final part there was implementation of image classification for representing the results. We applied this
approach to space images obtained for 3 different periods (30.09.21, 10.10.21, 9.12.21) and created a
map showing the surface covered with lava and volcanic sediments, which gives the opportunity to
visually display the processes of volcanic activity and its progress. The conducted studies showed that
the means of geo-informational analysis and the use of remote sensing data provide opportunities for
effective monitoring and follow-up of the consequences of volcanic activity. At the same time, it should
be noted that for each case of volcanic activity, it is necessary to use separate approaches, due to
different natural conditions, which have a significant impact on the content and quality of space images.
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Introduction

Many areas of modern volcanism are located in densely populated areas of the world. Therefore, very
often volcanic eruptions directly affect the territories, water areas and airspace of regions where a huge
number of people live and move. With the development of methods of remote sensing of the Earth, new
opportunities have opened up in volcanology. Research from satellites makes it possible to fully ensure
constant monitoring of changes in the morphology of volcano craters, to monitor changes in the heat
flow on them, to carry out prompt transmission of information to processing centres and, thereby, to
ensure in real time the detection of criteria for predictors of eruptions. Application of the GIS analysis
methods, including band compositions and normalized vegetation indices allows efficiently and
operatively to implement the study of the area damaged by volcano activities.

This approach has been studied by many scientists around the world. The work (Corradini and al., 2016)
integrates infrared and microwave volcanic ash retrievals obtained from the geostationary Meteosat
Second Generation (MSG)-Spinning Enhanced Visible and Infrared Imager (SEVIRI), the polar-
orbiting Aqua-MODIS and ground-based weather radar. The results of the study (Murtianto and al.,
2016) are volcanic ash-fall related to changing of temperature, comparing NDVI that showed exsiccate
vegetation and growing leaves speed at post volcanic eruption. Ukrainian scientists studied application
of NDVI indices for the solution of problems closed in nature to consequences of volcano activity. The
aim of the study (Sevruk and al., 2021) is to assess the severity associated with the post-fire phase on
the example of the forests of the Chornobyl Exclusion Zone and to determine the area of burned areas
from different time space images obtained from the satellite Sentinel-2 using a normalized burn ratio.
The work (Zheleznyak, 2017) gives an overview of the infrared sensing usage for the study of urbanized
landscapes temperature anomalies and there are analyzed main parameters of orbital infrared sensing
systems that allow the research of metropolitan areas heat zones. The aims of work (Chetverikov and
al., 2022) are to determine the area of deforestation in the Carpathian territory of the Lviv region from
different time-space images obtained from the Landsat-8 satellite using methods of cartography,
photogrammetry, aerospace remote sensing of the Earth and GIS technology.

The purpose of the implemented research is to study application of GIS technologies for processing
remote sensing data on the example of the Cumbre Vieja volcano eruption. The object of our research
is eruption of the Cumbre Vieja volcano, comprising the southern half of the Spanish island of La Palma
in the Canary Islands, which began on September 19, 2021 at 15:12 local time and officially ended on
December 25, 2021. The fiery river reached the Atlantic Ocean already on the 10th day, its channel
stretched 6 km. The lava formed a 20-hectare rock that took the shape of a pyramid and grew every day,
increasing the area of the island.

Method

The input data for the study are Sentinel-2 satellite images for dates for three dates: 30.09.2021,
10.10.2021 and 09.12.2021. Images for 30.09.2021 and for 09.12.2021 composited in natural colors are
presented in Figure 1.
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Figure 1 Fragments of the Sentinel-2 satellite images composited in natural colours. Date:
30/09/2021 and 09/12/2021
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The image was downloaded from the official website of EO Browser and their spatial resolution is 10m
for visible and near infrared bands, and 20m for medium infrared bands.

Since the main task of the work is to study GIS methods to analyse consequences of the volcano eruption
the several steps of GIS analysis were applied. In the first part of the research, we analyzed various
band compositions to get proper results and to highlight the lava flows and make their outlines more
visible. Next step was to study applications of vegetation indices and as final part there was
implementation of image classification for representing the results.

Results

Each spectral image consists of data received from several sensors that perceive small sections (or
bands) of the electromagnetic spectrum. As a result of image synthesis, we get various combinations of
bands, such as a red-green-blue image (natural), also by means of band composition you can get an
image of the required area with only vegetation, ground cover or water areas, etc. The analysis of literary
sources showed that it is advisable to use the following combinations of channels of the Sentinel-2
system for the study of volcanic activity: 12-11-4, 11-6-4, 12-8a-4, 12-8-11, 8- 4-3. When performing
experimental studies, these band combinations were applied to our input data for date 09/12/2021 as for
this period the consequences of volcano activity were maximum.

For band composition 12-11-4 there are used SWIR (B12), SWIR (B11) and red (B4) and results are
shown in Figure 2.

Figure 2 Fragments of the Sentinel-2 images with 12-11-4 band composition. Date: 09/12/2021

For band composition 11-6-4 there are used SWIR (B11), visible infrared (B6) and red (B4) and results
are shown in Figure 3.

Figure 3 Fragments of the Sentinel-2 images with 11-6-4 band compositio;l. Date: 09/12/2021

For band composition 12-8A-4 there are used SWIR (B12), NIR (B8A) and red (B4) and results are
shown in Figure 4.
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Figure 4 Fragments of the Sentinel-2 images with 12-84-4 band composition. Date: 09/12/2021

As it is seen from the figures 1-5 the images in natural colors are not very informative and application
of proper band composition can improve the interpretation of the images and make analysis more
effective. Next step of the study was to analyze the application of some vegetation indices. To calculate
the vegetation indices of images, we use certain bands of the image according to the expression for
calculating each type of vegetation index. During the calculation of vegetation indices, we selected
several indices, but none of them gave the required result. The most effective were Normalized
Difference Moisture Index (NDMI) which is used to determine the water content of vegetation and
monitor drought and Normalized Burn Ratio (NBR) which is designed to identify areas where active
combustion has taken place. Figures 5 and 6 represent the results of application of NDMI and NBR
indices correspondently.
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For representing the results of lava location during different time period we implemented supervised
image classification. Figure 7 shows combined image for several dates during the volcano eruption.
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Figure 7 Combined image fragment with classified lava flows for different dates.
Conclusions

During the study the application of GIS technologies for processing remote sensing data for analysis of
volcano activity was considered on the example of the Cumbre Vieja volcano eruption. The approaches
of band composition and vegetation indices were worked out experimentally using software products
ArcGIS and EO browser, and the results were analyzed. A controlled classification was performed for
the thematic mapping of lava flows and affected areas. We applied this approach to space images
obtained for 3 different periods (30.09.21, 10.10.21, 9.12.21) and created a map showing the surface
covered with lava and volcanic sediments, which gives the opportunity to visually display the processes
of volcanic activity and its progress. The conducted studies showed that the means of geo-informational
analysis and the use of remote sensing data provide opportunities for effective monitoring and follow-
up of the consequences of volcanic activity. At the same time, it should be noted that for each case of
volcanic activity, it is necessary to use separate approaches, due to different natural conditions, which
have a significant impact on the content and quality of space images.
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