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ABSTRACT

In territories such as Calabria, Italy, characterized by about 750 km of coasts, the analysis of the coastal
erosion risk is of increasing interest due to the considerable anthropic pressure observed in the last few
decades. Index-based methods can be used to assess the risk of coastal erosion. The paper shows an
analysis of the coastal erosion risk carried out in Calabria. The analysis was carried out in over 50
sample coastal areas, three of them were chosen as case studies for a detailed analysis. The analysis of
the shoreline changes was carried out through the comparison of various cartography data, which
consists of historical shorelines taken from the Open Data section of the Calabrian Geoportal,
orthophotos taken from the Open Data section of the Italian Geoportal, and satellite imagery provided
by Google Earth. The analysis was divided into four phases as follows. The first phase concerned the
manual digitization of each missing shoreline, using QGIS for each orthophotos and using the spatial
analysis tools of Google Earth Pro for each satellite imagery. The second phase concerned the
evaluation of the beach width for each transept. Finally, the last phase concerned the determination of
shoreline rates of change using end point rate (EPR) and net shoreline movement (NSM) statistics.
Also, an index representative of the trend of erosion or advance of the coast was estimated. Finally, the
methodology described in this paper is of particular relevance and interest in the planning and
management of coastal areas. It allows us to quickly analyze cartographic data from different sources,
using free software. Also, it is of general validity and is useful as a basis for the index-based coastal
risk assessment methodology.

Keywords: remote sensing, shoreline changes, coastal erosion, coastal risk assessment, index-based
methodology, GIS.

1 INTRODUCTION
The coastal erosion phenomenon is the result of a series of natural or induced processes which
alter the sedimentary regime and modify the coastal morphology, causing a loss of surface
of the emerged territory [1], [2].

Knowledge of coastal dynamics and of the factors that influence it, such as wave climate
[3] and longshore [4], [5] and river transport [6], [7], is necessary for proper management
and protection of coastal areas [8].

Coastal dynamics processes are strongly influenced by natural phenomena and anthropic
interventions [9]-[11] which can affect both river basins, for example the construction of
reservoirs, the sediment withdrawal, the reforestation, the hydraulic-forestry arrangements,
the subsidence of lowland areas for pumping [12], [13], and coastal areas, for example the
construction of port and coastal defense works [14]-[16].

Anthropogenic pressure can increase the vulnerability of the territory under the action of
natural events such as floods and sea storms [17]-[19], especially in case of concurrent events
[20], [21]. Furthermore, the effects of climate change can contribute to erosive phenomena,
in terms both of sea level rise and of frequency and intensity of extreme weather events.

Therefore, in recent years there has been a widespread and growing interest in the coastal
risk assessment methodologies [22]—-[26], necessary to properly manage the risk areas by
allocating the funds intended for coastal protection with a certain order of priority [27], [28].
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With regard to the coastal risk assessment, the Italian and international panorama is
characterized not only by different evaluation methodologies, variables between the different
coastal regions, but above all by a great variety and dispersion of factors taken into
consideration by these different methodologies [29]-[32]. Among the existing methods [33],
the index-based methods are the simplest and most widely used. They are based on a
quantitative or semi-quantitative evaluation of different variables or indicators which are
combined with each other, through an appropriate set of weights, obtaining as a final result
an overall index, the coastal vulnerability index (CVI) [34], [35]. In addition, these methods
can be supported by GIS applications, therefore it is possible to produce maps that allow to
describe the spatial distribution of the CVI index and to overlap these results with additional
spatial information [36].

One of the most used coastal vulnerability indices is the one that identifies the
evolutionary trend of the coast: this index, in fact, is very important because it allows to
identify the state of a coast and to assess its vulnerability [37]. The identification of the
shoreline and its changes allows to determine the advance or erosion rate in a given time
period. Consequently, this index can be important for the evaluation of coastal erosion risk.

Recent advances in remote sensing and geographical information system (GIS) techniques
allow us to estimate with great precision the shoreline position [38] and the shoreline changes
over the years [39]-[44], and it should be noted that the use of any particular method of
analysis being influenced by the data sources and the resources available [45]-[47].

In territories such as Calabria (Italy), characterized by about 750 km of coasts, the analysis
of the coastal erosion risk is of increasing interest due to both the considerable anthropic
pressure and the coastal erosion phenomena observed in the last decades [48].

The paper describes an analysis of the coastal erosion risk carried out in Calabria. In detail,
over 50 sample coastal areas were analyzed through the comparison of various cartography
data of the open data sections of Calabrian and Italian Geoportals, and of satellite imagery
provided by Google Earth. This analysis allows to identify a methodology for estimating an
index representative of the trend of erosion or advance of the coast. The following sections
describe the study area, the methodology and the results.

2 SITE DESCRIPTION

Calabria is a region of southern Italy. From a morphological point of view, is mainly
characterized by hills and mountains, with a percentage of less than 10% of plains. Also,
Calabria has a narrow and elongated conformation, with a considerable coastal extension,
exceeding 700 km, and an alternation of beaches, mainly sandy and pebbly, and high coasts.
The anthropogenic pressure is high, with the presence of numerous tourist activities and
bathing establishments which make the coastal areas of fundamental importance in the
regional economy. Calabria is bathed by two seas, Tyrrhenian and Ionian, by the Strait of
Messina and by the Gulf of Taranto, each of them with different climatic characteristics and
different fetches extensions. These differences lead to a remarkable variability of
meteorological conditions between the different areas of Calabria.

The general analysis described in the paper concerns over 50 Calabrian towns (Fig. 1) and
three of them were chosen as case studies for a detailed analysis. These towns are subject to
significant erosive processes. Therefore, they are of significant interest for the coastal risk
assessment. The three towns are Badolato, Melito Porto Salvo and San Lucido. Badolato is
located on the Tonian coast and the construction of a harbor has triggered erosions of the order
of a hundred meters (Fig. 2). Melito Porto Salvo is located at the southern end of Calabria,
on the Jonian coast near the Strait of Messina, and some parts of the beach near the promenade
and near the railway station have been totally eroded (Fig. 3). Finally, San Lucido is located
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on the Tyrrhenian coast and numerous coastal structures, consisting of T-groins, have been
built to mitigate the significant erosion (Fig. 4).
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Figure 2: View from QGIS of Badolato. Red = Transepts; Green = Shoreline of 2000,
before the construction of the harbour.
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Figure 3: View from QGIS of Melito Porto Salvo. Red = Transepts.
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Figure 4: View from QGIS of San Lucido. Red = Transepts.

3 METHODOLOGY

The analysis of the shoreline changes was carried out through the comparison of various
cartography data, which consists of historical shorelines of 1954, 1998, 2000 and 2008 taken
from the Open Data section of the Calabrian Geoportal, orthophotos of 1989, 1996, 2006 and
2012 taken from the Open Data section of the Italian Geoportal, and satellite imagery from
2015 to today provided by Google Earth.

The analysis was divided into four phases as follows. The first phase concerned the
manual digitization of each missing shoreline, using QGIS for each orthophotos and using
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the spatial analysis tools of Google Earth Pro for each satellite imagery. The second phase
concerned the evaluation of the beach width for each transept. Finally, the last phase
concerned the determination of shoreline rates of change using end point rate (EPR) and net
shoreline movement (NSM) statistics.

About the first phase, the digitalization of the missing shorelines was carried out on a scale
of 1:1000 on QGIS and on a higher scale on Google Earth Pro. Therefore, the shoreline
position has precision of the order of the meter and the shoreline changes have been
approximated to the meter. This accuracy is in agreement with the aims of the paper, which
concern the evaluate of the erosion and advancement trends, and not their precise
quantification. Also, due to the varying oceanographic conditions among the different
cartographies, the reference line chosen was the wet/dry line [37]. Furthermore, in the study
area the tidal excursion is of the order of tens of centimeters [49] so the effects on the
variation of the shoreline position are negligible.

Regarding the second phase, over 700 transepts were traced, with an average spacing of
the order of a hundred meters and reducing it in the presence of coastal structures. Also, the
related baselines were identified for each transept. These lines identify the upper limit of the
beach and correspond to promenades, dunes and structures. The QGIS field calculator was
used to automate the procedure. For this purpose, the shortest line function was used, which
allows to calculate the minimum distance between a point and a straight line. In this case, the
straight line is each baseline. Before this, it was necessary to insert a point at the intersection
between each transept and the various shorelines, using the line intersection tool.

About the third phase, the NSM and EPR between any two successive shorelines have
been calculated. The recent evolutionary trend of each transept was also assessed, comparing
the two most recent shorelines in order to identify eroded, advancing and stable transepts.
Also, for the case studies the NSMs were calculated between 1954 and the other lines,
between 1989 and the other lines and, finally, between the most recent available shoreline
and the others.

Regarding the last phase, the analysis above mentioned allowed to evaluate an index that
describes the evolutionary trend of the shoreline. This index is based on Barbaro’s
methodology [28] and the average shoreline variation rate, v expressed in m/year, was
classified following a subdivision into 5 classes: one for the advancement (v > 0.5), one for
the stability (-0.5 < v < 0.5), one for erosion (—1 < v < —0.5), one for intense erosion
(-2 £v<-1), and one for severe erosion (v <-2). To estimate this rate, a quick methodology
was developed to estimate the weighted average rate for each location examined, where the
weight is given by the influence areas of each transept.

Furthermore, the evaluation of the evolutionary trend of the shoreline was carried out for
different time intervals: the two most recent available shorelines; a short-term evolutionary
trend, with reference to the shorelines available in the last 5 years; a medium-term
evolutionary trend, with reference to the shorelines available in the last 20 years; a long-
term evolutionary trend, with reference to the shorelines available in the last 30 years; a very
long-term evolutionary trend, with reference to the shorelines available in the past 70 years.

4 RESULTS AND DISCUSSION
Table 1 shows a summary of the evolutionary trend in erosion, progress and stable for the
whole of Calabria and for the three case studies. The evolutionary trend was estimated taking
into account the two most recent shorelines available for each transept. Tables 2—4 show the
evolutionary trend, for different time intervals, of the three case studies.
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Table 1: Evolutionary trend taking into account the two most recent shorelines available.

Evolutionary trend
Site
Transepts | Advancement | Stability | Erosion Intepse Sevgre
erosion | erosion
Calabria 710 281 157 64 52 156
Badolato 10 8 0 0 0 2
Melito Porto Salvo 15 4 1 1 8
San Lucido 45 11 17 11 5 1
Table 2: Evolutionary trend of Badolato.
Evolutionary trend
Time interval
Rate Advancement | Stability | Erosion Intepse Seve.:re
(m/year) erosion | erosion
Most recent 3.71 8 0 0 0 2
Short-term 3.71 8 1 1 0 0
Middle-term 1.19 4 1 1 4 0
Long-term —-0.02 3 2 0 5 0
Very long-term 0.71 6 4 0 0 0
Table 3: Evolutionary trend of Melito Porto Salvo.
Evolutionary trend
Time interval
Rate Advancement | Stability | Erosion Intepse Sevgre
(m/year) erosion | erosion
Most recent -3.49 4 1 1 1 8
Short-term -0.24 9 1 2 1 2
Middle-term -2.31 0 5 0 4 6
Long-term —0.98 0 2 8 5 0
Very long-term -0.78 0 6 7 2 0
Table 4: Evolutionary trend of San Lucido.
Evolutionary trend
Time interval
Rate Advancement | Stability | Erosion Intepse Seve.:re
(m/year) erosion | erosion
Most recent -0.19 11 17 11 5 1
Short-term -0.19 11 17 11 5 1
Middle-term -0.27 5 20 14 6 0
Long-term —0.18 12 24 6 2 1
Very long-term -0.28 5 28 12 0 0
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Analyzing these tables, it is observed that, regarding the two most recent shorelines
available, about 40% of the Calabrian examined transepts are in advancement, about 20% are
stable and about 40% are in erosion, and more than half of which are in severe erosion. As
regards Badolato, most of the transepts are currently in advancement and only two out of ten
transepts are currently in severe erosion. However, also observing medium and long-term
trends, about half of the transepts are stable or in advancement while the other half is in
erosion. As for the rates, they are all positive, with high values in short-term and with more
contained values in very long-term. The long-term rate is an exception and it is slightly
negative. This condition is consistent with the impacts generated by the construction of a
harbor in the early 2000s. Indeed, the construction of the harbor did not cause a loss of
sediment but caused a different distribution, with a considerable advancement in the Southern
transepts and an intense erosion in the Northern transepts [16]. In Melito Porto Salvo, on the
other hand, there is a prevalence of erosive phenomena, which caused the loss of large beach
areas. These phenomena are mainly concentrated in the middle-term and in the last two
available data, with high erosion rate. This condition is mitigated only in the short-term, with
a low erosion rate and with over 60% of the transepts in advancement. Finally, in San Lucido
the trend is variable and, currently, 25% of the transepts are in advancement while the
remaining part is equally divided between stability and erosion. With reference to the long-
term, only 9 out of 45 transepts are in erosion, most of which is only in slight erosion.
Regarding the rates, they are all negative but with low values, between 0.18 and 0.28 m/year
This result is consistent with the construction of a series of mixed interventions (groins plus
detached breakwaters) at the beginning of the 90s, which improved the evolutionary
conditions of the shorelines in the long-term.

5 CONCLUSIONS
The paper shows how to use remote sensing and GIS to analyze coastal erosion. The analysis
described in this paper was carried out in Calabria, a region of southern Italy of particular
interest in the coastal erosion field due to its 750 km of coasts, many of which currently are
anthropized and in erosion.

Over 50 Calabrian towns have been analyzed and, for each of them, the shoreline changes
have been estimated, through the comparison of various cartographic data from different
sources: Calabrian Geoportal, Italian Geoportal and Google Earth.

Also, an index that describes the evolutionary trend of the shoreline was defined. This
index is based on Barbaro’s methodology [36]. The average shoreline variation rate was
classified following a subdivision into five classes (advancement, stability, erosion, intense
erosion and severe erosion) and taking into account different time intervals: recent (the two
most recent available shorelines); short-term (the last 5 years); medium-term (the last 20
years); long-term (the last 30 years); very long-term (the last 70 years).

The topics described in the paper is of particular relevance and interest in the field of
planning and management of coastal areas and represent the basis for an index-based coastal
risk assessment methodology. Furthermore, this methodology has several usefulness: it is of
general validity, it is quickly applicable, it uses only free software and it allows to analyze
cartographic data from different sources.
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