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Abstract:	 The aim of the paper is to identify a methodology capable of assessing shore-
line changes through a geomatic approach based on the use of GIS (Geographic 
Information System) software. The paper describes a case study that reports 
the evolution of a coastline over a period of more than 100 years using medium 
and large-scale metric maps available in different periods. In fact, the coastlines 
were obtained from the source maps of the Italian Cadastre (dated 1890), from 
numerical cartography available on the coastline and acquired in different pe-
riod at scales 1:5000 and 1:2000 and, more recently, from the Google Earth Pro 
platform. To analyse the evolution of the coastline a new procedure has been 
performed which is based on the use of GIS software, in particular a plugin 
called DSAS that allows the evaluation of the changes in the coastline and also 
obtains a statistical analysis of its evolution. The results showed the ease and 
applicability of the method in determining the evolution of the coastline and 
the strong erosion of a stretch of coastline with important socio-economic con-
sequences and repercussions was highlighted in the analysed case study. 
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1.	 Introduction

Issues related to environmental changes are now firmly on the agenda, and 
include aspects such as the reduction of biodiversity and the increasingly unpre-
dictable forces of nature, with dramatic consequences for the entire ecosystem. It is 
therefore necessary to take concrete measures to protect the environment and regu-
lations with precise indications for planning and conducting activities to control and 
monitor impacts.

Among the different aspects to be monitored may be, for example, the phenom-
enon of coastal erosion, especially in areas of particular environmental value, and 
this has led to a growing interest in the morphological changes of coastal areas [1–3]. 
Therefore, the monitoring of these areas through the geomatics approach assumes 
an important role for the conservation and protection of the environmental heritage 
and, consequently, has led to an increased demand for accurate knowledge of coast-
al developments.

Nowadays, there are increasingly more methods and techniques available for 
the geomatic survey of coastal areas. The coastline may be identified using aerial 
images [4, 5], satellite data [6–9], UAV (Unmanned Aerial Vehicle) images [10–12], 
GNSS (Global Navigation Satellite Systems) technology [13, 14] or special solutions 
developed ad hoc for this purpose [15, 16].

The temporal and spatial variability of the coastline represents a particularly 
open and timely issue. Lira et al. [17] discussed the coastline evolution of low-lying 
Portuguese sandy coastal area over the last 50 years using digital aerial photographs 
from the USAF (United States Air Force) 1958 flight and a digital orthophoto from 
the year 2010.

Yu  et al.  [18] wrote about the automatic extraction of the coastline using re-
motely sensed data in an Antarctic environment over several years; the evolution 
of the coastline represents a clear indicator of the change in the extent and mass 
balance of ice sheets and shelves. Wang  (2019) discussed the evolution of Yellow 
River delta coastline (China)  [19] based Multi-Spectral Scanner  (MSS), Thematic 
Mapper  (TM), and Enhanced Thematic Mapper plus  (ETM+) images of the study 
area from 1976 to 2014.

To determine changes in shoreline position, as well as to predict future po-
sitioning trends, many studies have used change detection tools connected with 
a GIS (Geographic Information System) environment [20]. In this environment, it is 
possible to calculate the distance between the furthest shoreline from the baseline 
and the nearest shoreline for each transect as well as to make an assessment of the 
annual rate of change or determine other statistical parametres useful for its analy-
sis. Several tools and algorithms, such as the Simple Change Analysis of Retreating 
and Prograding Systems (SCARPS) [21], BeachTools [22], Digital Shoreline Analysis 
System (DSAS) [23, 24] and Analyzing Moving Boundaries Using R (AMBUR) [25] 
were developed in GIS environment.
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In this research paper, a DSAS tool is used to analyse the evolution of a sandy 
shoreline and this tool has been used with considerable success in numerous re-
search studies and applications  [26–30]. For example, Nassar et al.  [30] described 
shoreline change detection along the North Sinai coast in Egypt during the period 
from 1989 to 2016. In the same way, Das et al. [31] attempted to analyse the potential 
migration characteristics of Jambudwip Island of the Sundarban biosphere in the 
Bay of Bengal.

Applications on the Mediterranean coastline have been described in the pa-
per by Kuleli on the Cukurova Delta coast (Turkey)  [32], in Khouakhi & Snoussi, 
2013 [33] which described the evolution of the bay of Al Hoceima in Moroccan Med-
iterranean coast and in Armenio et al. [34] in their study on the Gulf of Manfredonia 
in Southern Italy.

Therefore, the line of research proposed in this paper intends to exploit the effi-
ciency of tools developed in the GIS environment for the management of geospatial 
data as well as the ability to analyse shoreline changes through specifically dedi-
cated tools. In particular, we want to analyse the evolution of a sandy coastline of 
an area located in the south of Italy and taking into consideration a broad temporal 
space, i.e. from 1890 to 2019.

Furthermore, the study aims to assign uncertainty values to the geospatial data 
available on a territory, with the advantage of effectively analysing changes in the 
coastline. This methodological approach is also a tool for controlling and monitoring 
the territory to identify trends and apply coastal risk mitigation interventions and 
strategies accordingly.

2.	 Study Area

The study area is located in the town of Eboli (southern Italy) and concerns 
a coastline which is approximately 7 km long (Fig. 1a, b); in particular, the area taken 
into consideration concerns a sandy coastline with widths from 15 to 120 m, with 
a pine forest behind it and the presence of species of particular value in the Mediter-
ranean area (Fig. 1c, d). 

In the sandy areas there are also a dozen establishments with bathing facilities, 
bars, and restaurants with important socio-economic benefits for the local commu-
nity. This area is delimited from two rivers, the Tusciano River to the north and the 
Sele River to the south. From a geological point of view, the deposits in this area 
constitute a prism of progradational sediments deposited on the Sele River plain 
front during the Holocene [35].

The choice of this area was determined based on the phenomenon of coastal 
erosion and the availability of various cartographies from 1890 to 2019 on this terri-
tory; in this way, it was possible to obtain a comprehensive long-term overview of 
this phenomenon.
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3.	 Material and Methods

3.1.	 Geomatics Datasets

The features of the maps taken into account to evaluate the changes in the coast-
line are shown in Table 1. Images of the cartographies used in the paper can be found 
in the Appendix (Figs. A.1–A.5). 

a)	 b)

c)	 d)

Fig. 1. Localization of the study area: general framework (a), identification of territory (b), 
panoramic view (c) and terrestrial photo that shows the erosion (d)
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Table 1. Geomatics datasets

Shoreline year Geomatics data Format Projection

1890 Cadastral maps Raster
(scale 1:4000) Cassini–Soldner

1974 Maps obtained by aerial 
photogrammetry

Raster
(scale 1:5000) Gauss–Boaga

1987 Maps obtained by aerial 
photogrammetry

Raster
(scale 1:2000) Gauss–Boaga

1998 Digital cartography Vector (polyline)
(scale 1:5000) Gauss–Boaga

2019 Google Earth Pro Image mapping Universal Transverse of 
Mercator

 In order to assess the evolution of the coastline over the years, it is necessary 
to compare several geomatics data in the same reference system. To achieve this 
aim, the global datum is used in relation to technological progress and data stand-
ardisation and studies on the dynamism of the Earth’s crust.

Over the  years, the Italian territory has been framed within local datum; in 
particular, the most widely used local datum is the Roma40 datum. The transfor-
mation from local datum to global datum takes place through the use of Italian 
Geographic Military Institute (IGMI) grids, where the correction values of latitude 
and longitude between the two datum are reported. Since we use plane coordi-
nates, the reference system is the Universal Transverse of Mercator (UTM) projec-
tion. Therefore, the geodetic problem consists of the transformation of coordinates 
from the Gauss–Boaga (Italian local datum) into the UTM33N-ETRF2000 projection. 
GIS software, by performing a roto-translation with a scale factor (Helmert), allows 
a transformation between the two datum in automatic way. The advantage of this 
approach is that no a priori information is required for the seven parameters of 
the similarity transformation [36]. The oldest metric map taken into account is the 
cadastral cartography, which was realized at the end of 1800s. The Italian cadas-
tral reference system, apart from limited areas, is based on the Cassini–Soldner 
projection and Bessel 1841 datum; this means that this type of projection assumes 
various local orientations. In Italy, more than 800 small and large extension origins 
(axis systems) are present on the territory. This means that several transformations 
are required to report spatial information in UTM-ETRF2000 plane coordinates; in 
particular, it is necessary to perform a first transformation from Cassini–Soldner 
to Gauss–Boaga and then in UTM-ETRF2000. The first transformation can be per-
formed, in turn, into three steps: i) transformations of cadastral coordinates into ge-
ographic coordinates with respect to the Bessel ellipsoid, known coordinates of the 
centre of emanation; ii) transformation of the latter coordinates into geographic co-
ordinates referenced to the Hayford ellipsoid; iii) transformation from geographic 
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coordinates of a generic point  (φ,  λ) into plane (Gauss–Boaga) coordinates using 
Hirvonen’s formulas [37]:

	 E x FO= + 	
(1)

	 N y=

where:
	 E	–	east coordinate in Gauss–Boaga,
	 N	–	north coordinate in Gauss–Boaga,
	FO	–	 false origin in Gauss–Boaga,
	 x	–	east coordinate in Cassini–Soldner,
	 y 	–	north coordinates in Cassini–Soldner.

The coordinates x, y can be calculated by means of the following formula:
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where λ0 is the longitude of the central meridian of the fuse, a and b represent the 
semi-axes of the ellipsoid considered and  e′ is the second eccentricity. Consider-
ing the Hayford ellipsoid, it is possible to write the numerical value of the follow-
ing parameters: A1 = 111 092.08210; A2 = 16 100.59187; A3 = 16.96942; A4 = 0.02226; 
c = 6 397 376.633; e’2  = 0.0067681702. Lastly, the second transformation (from 
Gauss–Boaga to UTM-ETRF2000) can be performed through a 7-parameter Helmert 
transformation. 
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3.2.	 Georeferencing Maps

In order to make an easy metric comparison between the different geomatics 
products, it is necessary to build a vector file for each era under consideration. In 
fact, many of the maps or cartographies are in raster format. For this reason, to ob-
tain the coastline in vector format, it is necessary to perform a georeferencing pro-
cess. In general, the transformation model that can be adopted is a polynomial func-
tion, as reported below [38]:

	 1

0 0

jn
j i

ji
j i

X a x y−

= =

= ⋅ ⋅∑∑ 	

(4)

	 1

0 0

jn
j i

ji
j i

Y b x y−

= =

= ⋅ ⋅∑∑

where:
	 x, y	–	coordinates of source system,
	 n	–	degree of polynomial,
	X, Y	–	coordinates in the target system,
	 aji	–	coefficients of the polynomials which are computed using Ground 

Control Points (GCPs) or points deduced directly from the cartogra-
phy, were used to improve the intersection of the cartographic grid 
presented in the maps.

The choice of georeferencing map sheets with a polynomial transformation de-
pends on several factors, such as the potential to model deformation effects due to 
the state of preservation and intrinsic deformation of materials.

In order to assess the impact of the degree of the polynomial in the georeferenc-
ing process, first, second and third order were taken into consideration.

Shoreline 1890 – Cadastral map

The oldest metric map used to determine the coastline is the one on the cadas-
tral map sheets. In Italy, the creation of cadastral maps dates to 1890, as can be seen 
on the edge of the map. The maps were scanned with a large scanner planner at 
a resolution of 600 dpi in TIFF format.

Three maps cover the area under investigation: sheet no. 45, 55 and 56. The scale 
of representation is 1:4000 and framed in Cassini–Soldner projection. These maps 
were geo-referenced in Esri ArcMap software using 70 GCPs and 3-degree polyno-
mial function were used for georeferencing the map sheets. The values of the root 
mean square (RMS), expressed in terms of pixels, as the polynomial function varies, 
were reported in Table 2. 
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Table 2. RMS values obtained on map taking into consideration

Sheet number
Total RMS error [m]

1° order 2° order 3° order

45 1.402 0.698 0.577

55 1.240 0.640 0.449

56 1.682 1.053 0.936

As shown in Table 2, the different maps showed a different RMS value; this was 
due to the different state of preservation of the map sheets; this issue is consistent 
with other works in the literature [39, 40]. In addition, the 1° transformation shows 
higher values than the 2° and 3° order transformation; however, it was preferred to 
use a 2° order transformation because the distortions imposed in some areas of the 
map are too strong.

Once the map sheets were georeferenced, the 1890 coastline was built in Esri 
ArcMap software v  10.8, according a polyline. Subsequently, the ESRI shape file 
was transformed in UTM projection. This task was performed using ConveRgo [41], 
a piece of open-source software developed by the Italian Regions for the transforma-
tion of coordinates in the Italian Geodetic Reference System (Decree 10 November 
2011 “Adoption of the National Geodetic Reference System”).

Shoreline obtained from 1974 and 1987  
(aerial photogrammetry maps)
The first large scale map available on the study area was produced by the “Cassa 

per le opere straordinarie di pubblico interesse nell‘Italia meridionale” (fund for ex-
traordinary works of public interest in Southern Italy) and dated to 1974. The aerial 
photogrammetric map was drawn in five colours and is framed in the Gauss–Boaga 
reference system at a scale of 1:5000.

The area of interest is covered by four maps. The coordinates of 18 GCPs (even-
ly distributed on the map) were obtained by the intersection of cartographic grid. 
Performing the transformation according the several polynomial function, it was 
possible to obtain the following RMS error values (Tab. 3). 

Table 3. Total RMS error in the map of 1974

Sheet number
Total RMS error [m]

1° order 2° order 3° order

486071 0.706 0.371 0.164

486083 0.489 0.319 0.153

486084 0.569 0.310 0.253

486124 0.496 0.248 0.168
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In 1987, the municipal administration commissioned the drawing up of a 1:2000 
scale map for engineering purposes and for the protection of maritime areas. 
Taking into account the graphic error, the accuracy of this map is 0.4 m or better 
0.2 mm × map scale.

From the cartographic point of view, the Gauss–Boaga projection was chosen 
for the representation.

The maps were scanned at a resolution of 600 dpi and then, in ArcMap en-
vironment, georeferenced in the Gauss–Boaga reference system. RMS error values 
obtained in this process are reported in Table 4.

Table 4. Total RMS error in the map of 1987

Sheet number
Total RMS error [m]

1° order 2° order 3° order

1 0.571 0.343 0.259

3 0.545 0.286 0.126

5 0.571 0.345 0.254

8 0.475 0.412 0.217

9 0.462 0.269 0.097

11 0.692 0.342 0.246

14 0.502 0.287 0.097

17 0.457 0.317 0.168

Subsequently, the shoreline of 1974 and 1987 were transformed in UTM projec-
tion using ConveRgo software.

Shoreline 1998 (digital aerial cartography)
In 1998, the municipal administration commissioned the drawing up of 

a 1:5000 scale map for urban planning of the municipal territory. This latter cartogra-
phy is already in numerical format but framed in the Gauss–Boaga reference system. 
Therefore, it was necessary to transform the shoreline into the UTM33N-ETRF2000 
cartographic projection by means of ConveRgo software.

Shoreline obtained by Google Earth (GE) Pro in 2019
In order to obtain the shoreline for the year  2019, a polygon from Google 

Earth (GE) Pro was drawn. GE Pro releases free images with elevated details that 
may provide some potential for regional land use/cover mapping, especially for 
those regions with high heterogeneous landscapes [42]. In particular, the scene was 
acquired by satellite in very high resolution (VHR), i.e. satellite able to generate im-
age with a panchromatic resolution lower 1 m; in this way, it was possible to obtain 
the shoreline with a high degree of accuracy.
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In order to obtain a polyline of the 2019 year, it was necessary to carry out the 
following steps:

1.	 exporting the kml/kmz file from Google Earth Pro;
2.	 importing the kml file in GIS environment as a layer file;
3.	 transform the layer file into a ESRI shape file.

3.3.	 A Statistical Method to Assessing Changes in the Shoreline

Taking into account different shorelines (for a specific year), it is possible to 
analyse the evolution of the coastline over time. In this paper, the shoreline varia-
tion was statistically analysed using the Digital Shoreline Analysis System (DSAS) 
extension of ArcMap software, which is the main component of Esri’s ArcGIS suite. 
The results of all rate calculations are outputted to a table that can be linked to the 
transect file by a common attribute field. In this way, further analysis of shoreline 
changes can be produced.

For each transect, the variance propagation law, for a linear case such as the 
combination of the different uncertainties ( 2

iσ ), is equal to: 

	 2 2 2 2 2 2 2
1 1 2 2 i n na a aσ = ⋅σ + ⋅σ +…+ ⋅σ 	 (5)

In the case of the shoreline variation analysis, Equation (5) can be explicated as 
follows:

	 2 2 2 2 2 2 2 2 2 date R R G G CD CD D Da a a aσ = ⋅σ + ⋅σ + ⋅σ + ⋅σ 	 (6)

where 2
Ra , 2

Rσ  are related to the scale of representation, 2
Ga , 2

Gσ  are related to the geo-
referencing process, 2

CDa , 2
CDσ  are related to the change of datum, 2

Da , 2
Dσ  are related to 

the digitalization process. In relation to the terms concerning the scale of representa-
tion, the graphical error of the map, expressed by the report, was considered as the 
variance value [43, 44]:

	 2 0.0002   R scale of mapσ = ⋅ 	 (7)

Since the same coefficient depends exclusively on the scale of representation of 
the cartography examined, a coefficient 2( )Ra  equal to 1 was assigned.

The RMS value obtained during the georeferencing phase of the individual map 
was used to evaluate the uncertainty in this process. Since the coastline involves sev-
eral map sheets, for the calculation of the final variance value, a weighted average 
of the values of RMSi  was performed as a function of the length of the coastline LCi 
present on the individual sheet compared to its total length 

totCL :

	 2

1

1

tot

n

G i Ci
iC

RMS L
L =

σ = ⋅ ⋅∑ 	 (8)
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As for the terms concerning the datum change process, the variance values were 
obtained as shown in Equation (9), thus comparing the distances taken in the two 
different reference systems and then measured on the different maps:

	 2

1

1 n

CD datum UTM
i

D D
n =

σ = −∑ 	 (9)

For the estimation of the variance values obtained in the digitalization process of 
the coastlines, the dimensions of the pixel were considered, which are obviously a func-
tion of the geometric resolution of each cartography. In fact, during the vectorization 
phase it is very usual to find oneself in the situation of adjacent pixels that show a clear 
chromatic change or a less clear segmentation; for this reason, the pixels closest to the 
ones that identify the coastline have been considered and therefore, the one relative 
to the size of 3 pixels has been chosen as the variance value. In general, the formula is:

	 2 3D GRMσ = ⋅ 	 (10)

where GRM is the geometric resolution of map in post georeferencing process.

In this way, to each coastline is associated a variance value; consequently, it is 
possible to calculate the EPR (end point ratio) and the EPRunc (uncertainty of end 
point ratio) through the following formulas:

	
o r

NSMEPR
t −

= 	 (11)

where:
	 NSM	–	distance between oldest and youngest shorelines,
	 to–r	–	 time between oldest and most recent shoreline.

	
( ) ( )2 2

 unc

uncyA uncyB
EPR

dateA dateB

+
=

−
	 (12)

where:
	uncyA	–	uncertainty from attribute field of shoreline A,
	uncyB	–	uncertainty from attribute field of shoreline B,
	 dateA	–	date of shoreline A (most recent),
	 dateB	–	date of shoreline B (oldest).

3.4.	 Evaluation of Coastline Accuracy

For the determination of the 2
CDσ  value for the year 1890, a double datum trans-

formation was considered: the first one is related to the transformation from the 
Cassini–Soldner reference system to Gauss–Boaga and the second one is from Gauss 
Boaga to UTM-ETRF2000. In particular, the uncertainty of the first transformation 
was carried out through a datum shift relative to the emanation centre (Monte 
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Raione). In other terms, the coordinates of the emanation centre (geographic coordi-
nates referred to the Bessel ellipsoid: φ = 40°40‘15”.853, λ = 6°08‘21”.005) calculated 
through field observations and determined in the Gauss–Boaga system, have been 
transformed into the Cassini–Soldner reference system. This transformation should 
lead back to the origin of the Cartesian reference system, i.e. O = (0, 0); in fact this 
transformation involves a residual of about 0.147 m on the east coordinates and 
0.08 m on the north coordinates.

The second value of uncertainty was determined, as for the other years, by com-
paring the distances measured in the two different reference systems and then de-
duced from the different cartographies.

Therefore, the uncertainties on the coastline referred to the year 1890, can be 
summarized as follows:
	 2

CDσ  = 0.188 m from Cassini–Soldner to Gauss–Boaga;
	 2

CDσ  = 0.090 m from Gauss–Boaga to UTM-ETRF2000.

Finally, the coefficients 2
Ra , 2

Ga , 2
CDa , 2

Da  were assigned a value of 1. In Table 5, the 
values for the variances are summarized and divided for each epoch.

Table 5. Variance values for different years [m]

Date 2
Rσ

2
Gσ

2
CDσ 2

Dσ
2
dateσ

1890 0.800 0.700 0.257 1.350 3.107
1974 1.000 0.169 0.080 1.200 2.449
1987 0.400 0.183 0.095 1.200 1.878
1998 1.000 – 0.090 – 1.090
2019 0.400 – – 1.200 1.600

4.	 Workflow for the Statistical Analysis of Shorelines

The DSAS plugin was used to analyse multi-temporal shoreline evolution be-
cause is capable of calculating rate-of-change statistics for a time series of shoreline 
vector data. Indeed, DSAS provides an automated method for establishing measure-
ment locations, performs rate calculations, provides the statistical data necessary to 
assess the robustness of the rates, and includes a beta model of shoreline forecasting 
with the option to generate 10- and/or 20-year shoreline horizons and uncertainty 
bands  [45]. The first main step for the analysis of the shoreline variation was the 
creation of a personal geodatabase which is used to manage and store all of the 
input data; in addition, all the statistical data obtained as outputs are also stored. 
Moreover, another important aspect for the analysis is that all data are in metre 
units and UTM projection. In general, the procedure that leads to the result for the 
determination of the statistical values of the time series data was summarized in the 
following workflow (Fig. 2).
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Fig. 2. Workflow for statistical analysis with DSAS plugin

In order to carry out a statistical analysis of coastline change, it was also neces-
sary to define a positional uncertainty associated with each coastline. In fact, each fea-
ture associated to the coastline can come from different cartographic sources, which 
then lead to measurement uncertainties such as digitalization errors and georefer-
encing errors.  In the present study, the variance values previously calculated for 
each dataset were inserted in the appropriate section of the plugin, representing the 
uncertainty value in terms of positioning and measurement. It must be emphasised 
that in order for the tool to function correctly, the attribute table must be set correctly.

5.	 Results and Discussions

The processing of the data conducted in a GIS environment allowed an as-
sessment of the change in the shorelines; in particular, to analyse the accretion or 
erosion phenomena, four periods were taken into consideration: shoreline changes 
from 1890 to 1974, from 1974 to 1987, from 1987 to 1998, and from 1998 to 2019.
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The analysis of the variation of the shoreline (Fig. 3a) was carried out using the 
DSAS plugin in order to obtain parametres such as NSM, EPR and EPRunc between 
the shorelines. In addition, a statistical analysis was performed on the linear regres-
sion of the linear regression rate  (LRR) of change where all data were computed, 
regardless of changes in trend or precision.

Subsequently, the results obtained from the LRR parametre were categorized 
into five different classes; the categorization of the results then allowed the pro-
duction of a cartography (Fig. 3b) where the erosion or accretion conditions of the 
coastline can be easily visualized and analysed.

Fig. 3. Shoreline changes in the period 1890–2019:  
a) categorized by the years; b) categorized by the LRR values 

a)	 b)

In order to evaluate the shoreline change with respect to each individual da-
taset interval, a further classification was performed based on the obtained val-
ues of NSM, i.e., the distance along the transect between two shorelines. Since the 
value of NSM refers only to the oldest shoreline (in our case 1890) and the most 
recent shoreline (in our case 2019), the different combinations between the interme-
diate epochs were performed.

Figure 4 shows the changes of the coastline referred to a specific interval of epochs.
Essentially, the shoreline variation can be characterised into three distinct areas: 

a northern area characterised by small accretion, a rather stable central area and 
a southern area characterised by strong erosion with an increasing trend.
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Fig. 4. Evaluation of the coastlines along the transect in specific interval of epochs.  
Dataset 1890–1974 (a), 1974–1987 (b), 1987–1998 (c), and 1998–2019 (d)

a)	 b)

c)	 d)
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In addition, in order to evaluate the phenomenon of shoreline retreat and/or 
advancement, attention was focused on each individual time series. Values referring 
to the maximum (NSMmax) and mean (NSMmean) distance between the two shorelines 
and the mean value (EPRmean) and uncertainty (EPRunc) relative to the EPR term were 
then calculated (Tab. 6).

Table 6 shows the erosion trend has been continuous over the years and oc-
curred rather rapidly in the period from 1974 to 1987.

Table 6. Parametres calculation of the single time series

Date Interval Erosion 
Accretion

Max abs NSM 
[m]

Mean abs NSM 
[m]

EPRmean 
[m/year] EPRunc

1890–1974
Erosion 91.645 28.875 0.215

0.030
Accretion 88.807 44.182 0.329

1974–1987
Erosion 57.422 27.165 2.089

0.237
Accretion 38.260 22.959 1.766

1987–1998
Erosion 52.178 14.190 1.290

0.197
Accretion 13.245 5.483 0.498

1998–2019
Erosion 30.116 12.720 0.605

0.092
Accretion 33.855 10.338 0.494

Taking into account the erosion and accretion values of the investigated areas, 
more graphs were built. In particular, Figures 5 and 6 show a boxplot of the EPRmean 
(end point ratio mean) values classified for the different time series and referred to 
the erosion and accretion data, respectively.

Fig. 5. Boxplot of the EPRmean referring to erosion data
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In addition, with reference to the time series, a graph showing the variation 
over the years of the eroded and accreted areas was built (Fig. 7). In particular, re-
ferring to the total historical series evaluated, i.e., the interval 1890–2019, an erosion 
area of approximately 188,134 m2 and an accretion area of 113,692 m2 was detected.

Fig. 6. Boxplot of the EPRmean referring to accretion data

Fig. 7. Variation over the years of eroded and accreted areas

The values of shoreline variations are consistent with previous studies conduct-
ed in the Mediterranean area and in particular in southern Italy.

In fact, the results of the present research, according to Alberico et al.  [46], 
showed how the phenomenon of coastal erosion in the study area analysed, despite 
having had an important growth rate in the 1980s or so, has reversed in the last 
twenty years.
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Nevertheless, the phenomenon of the coastline receding inland must be an im-
portant element of the evaluation in land management because, according to further 
studies [47], the study area in the near future could still be transformed, receding 
inland and modifying the current composition of the dune system.

6.	 Conclusions

The paper showed how it is possible to obtain, and in a fast and automatic way, 
the changes of the coastline that have occurred over the years in a GIS environment. 
In fact, the rates of change were obtained according to a transect-based approach 
using the DSAS plugin. One of the advantages of this plugin is that it can evaluate 
the change of the coastline referred to a historical series of vector data. In the case 
study, several maps from 1890 until 2019 (georeferenced in a single datum) were 
considered. By means of these maps, it was possible to obtain the different shore-
lines, the latter constituting the input vector data of the DSAS plugin. Moreover, to 
each analysed map, a specific uncertainty value was assigned that takes into account 
different parametres, such as graphical errors, digitization errors, datum change 
and georeferencing errors (see Tab. 5); in this way, it was possible to evaluate the 
measure of the distance between the two shorelines and the related uncertainty on 
each transect.

The contribution that we wanted to give is to not consider the default parame-
tres of the plugin but to take into account the effective errors associated with the fi-
nal process of individual shoreline buildings. The attribution of an uncertainty value 
to each shoreline through a geomatic approach allows us to avoid overestimating 
uncertainties, especially about the most recent and large-scale maps.

The obtained results lead to a more suitable estimate of the investigated phe-
nomena; however, if on the one hand the analysis conducted does not consider the 
environmental effects (tides, wind, etc..), on the other hand, these parametres would 
be insignificant for the time range considered.

From the analysis of shoreline changes, it was demonstrated that in some tran-
sects a strong erosion phenomenon is occurred especially in the proximity of the Sele 
River. In fact, in some transects, the erosion values were more than 200 m. Moreover, 
analysing the annual rate of change of erosion (Tab. 6), it can be discerned that the 
historical period with the highest erosion rate is the one between 1974 and 1988.

The main origin of the erosion problems is due to the reduction of the solid 
transport of the Sele River, which has decreased due to the works realized by man 
along the river (stabilization of upland soils, river water regimentation, etc.) and 
more generally within the catchment area of the same river.

Considering the high quality of the coastal environment and the tourist indus-
try located in this area, while growth is a benefit for entrepreneurs, the eroded areas 
not only represent a problem from a socio-economic point of view but also from 
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a naturalistic one; in fact, the erosion of the coast has an impact on both the vegeta-
tion (sea lilies and other species of high naturalistic value) and on the pinewood belt 
with a consequent reduction of the green areas. Indeed, this research intends intend-
ed to provide a further contribution to raising awareness among local communities 
in order to instigate action to mitigate erosion risk.

Finally, from the analysis of the different datasets, it emerged how the car-
tographic products made available today by platforms such as Google Earth Pro, 
which are continuously and constantly updated, guarantee that results will be 
obtained that are comparable to large-scale cartography (e.g. 1:2000). Another ad-
vantage of the Google Earth Pro platform is the possibility of drawing a series of 
geometries within the platform itself that can be directly imported into the GIS envi-
ronment since the maps are framed in a specific reference system. 

Author Contributions

Author 1: conceptualization, methodology, software, formal analysis, investi-
gation, resources, data curation, writing – original draft preparation, supervision, 
project administration.

Author 2: conceptualization, investigation, methodology, formal analysis, re-
sources, data curation, writing – original draft preparation, supervision, project ad-
ministration.

Author 3: conceptualization, methodology, software, formal analysis, resourc-
es, data curation, writing – original draft preparation, supervision, project admin
istration.

References

[1]	 Terefenko P., Furmańczyk K., Łapiński M.: Analiza rzeźby brzegu na podstawie 
numerycznego modelu terenu [Digital terrain model-based coast relief analysis]. Ar-
chiwum Fotogrametrii, Kartografii i Teledetekcji, vol. 18b, 2008, pp. 581–588.

[2]	 Dudzińska-Nowak J.: Przydatność skanowania laserowego do badań strefy brze-
gowej południowego Bałtyku [Suitability of laser scanning in the southern Baltic 
coastal zone research]. Archiwum Fotogrametrii, Kartografii i Teledetekcji, 
vol. 17a, 2007, pp. 179–187.

[3]	 Dudzińska-Nowak J.: Określenie tendencji rozwojowych brzegu na podstawie ba-
dań teledetekcyjnych [Trends in coast development as determined by remote sensing 
research]. Archiwum Fotogrametrii, Kartografii i Teledetekcji, vol. 18a, 2008, 
pp. 99–109.

[4]	 Paravolidakis V., Moirogiorgou K., Ragia L., Zervakis M., Synolakis C.: Coast-
line extraction from aerial images based on edge detection. ISPRS Annals of the Pho-
togrammetry, Remote Sensing and Spatial Information Sciences, vol. III-8, 
2016, pp. 153–158. https://doi.org/10.5194/isprs-annals-III-8-153-2016.

https://doi.org/10.5194/isprs-annals-III-8-153-2016


126	 M. Pepe, D. Costantino, V.S. Alfio

[5]	 Costantino D., Pepe M., Dardanelli G., Baiocchi V.: Using optical Satellite and 
aerial imagery for automatic coastline mapping. Geographia Technica, vol. 15(2), 
2020, pp. 171–190. https://doi.org/10.21163/GT_2020.152.17.

[6]	 Alesheikh A.A., Ghorbanali A., Nouri N.: Coastline change detection using re-
mote sensing. International Journal of Environmental Science & Technology, 
vol. 4(1), 2007, pp. 61–66. https://doi.org/10.1007/BF03325962.

[7]	 Wu W.: Coastline evolution monitoring and estimation – a case study in the re-
gion of Nouakchott, Mauritania. International Journal of Remote Sensing, 
vol. 28(24), 2007, pp. 5461–5484. https://doi.org/10.1080/01431160701227612.

[8]	 Pardo-Pascual J.E., Almonacid-Caballer J., Ruiz L.A., Palomar-Vázquez  J.: 
Automatic extraction of shorelines from Landsat  TM and  ETM+ multi-temporal 
images with subpixel precision. Remote Sensing of Environment, vol. 123, 2012, 
pp. 1–11. https://doi.org/10.1016/j.rse.2012.02.024.

[9]	 Parente C., Pepe M.: Bathymetry from worldview-3 satellite data using radiomet-
ric band ratio. Acta Polytechnica, vol. 58(2), 2018, pp. 109–117. https://doi.org/​
10.14311/AP.2018.58.0109.

[10]	 Nikolakopoulos K.G., Kozarski D., Kogkas S.: Coastal areas mapping using 
UAV photogrammetry. [in:] Michel U., Schulz K., Nikolakopoulos K.G., Civ-
co D.  (eds.), Earth Resources and Environmental Remote Sensing/GIS Applica-
tions VIII, Proceedings of SPIE, vol. 10428, Society of Photo-Optical Instrumenta-
tion Engineers, Bellingham 2017, 104280O. https://doi.org/10.1117/12.2278121.

[11]	 Özcan O., Özcan O.: Multi-temporal UAV based repeat monitoring of rivers sen-
sitive to flood. Journal of Maps, vol. 17(3), 2020, pp. 163–170. https://doi.org/​
10.1080/17445647.2020.1820387.

[12]	 Pepe M., Alfio V.S., Costantino D.: UAV platforms and the SfM-MVS approach 
in the 3D surveys and modelling: A review in the cultural heritage field. Applied 
Sciences, vol. 12(24), 2022, 12886. https://doi.org/10.3390/app122412886.

[13]	 Ruggiero P., Kaminsky G.M., Gelfenbaum G., Voigt B.: Seasonal to interannu-
al morphodynamics along a high-energy dissipative litoral cell. Journal of Coastal 
Research, vol. 21(3), 2005, pp. 553–578. https://doi.org/10.2112/03-0029.1.

[14]	 Gonçalves R., Awange J., Krueger C.: GNSS-based monitoring and mapping of 
shoreline position in support of planning and management of Matinhos/PR (Brazil). 
Journal of Global Positioning Systems, vol. 11(1), 2012, pp. 156–168.

[15]	 Currier K.: Mapping with strings attached: Kite aerial photography of Durai Island, 
Anambas Islands, Indonesia. Journal of Maps, vol. 11(4), 2015, pp. 589–597. 
https://doi.org/10.1080/17445647.2014.925839.

[16]	 Costantino D., Settembrini F., Pepe M., Alfio  V.S.: Develop of new tools for 
4D  monitoring: Case study of Cliff in Apulia Region (Italy). Remote Sensing, 
vol. 13(9), 2021, 1857. https://doi.org/10.3390/rs13091857.

[17]	 Lira C.P., Silva A.N., Taborda R., de Andrade C.F.: Coastline evolution of Portuguese 
low-lying sandy coast in the last 50 years: an integrated approach. Earth System Sci-
ence Data, vol. 8(1), 2016, pp. 265–278. https://doi.org/10.5194/essd-8-265-2016.

https://doi.org/10.21163/GT_2020.152.17
https://doi.org/10.1007/BF03325962
https://doi.org/10.1080/01431160701227612
https://doi.org/10.1016/j.rse.2012.02.024
https://doi.org/10.14311/AP.2018.58.0109
https://doi.org/10.14311/AP.2018.58.0109
https://doi.org/10.1117/12.2278121
https://doi.org/10.1080/17445647.2020.1820387
https://doi.org/10.1080/17445647.2020.1820387
https://doi.org/10.3390/app122412886
https://doi.org/10.2112/03-0029.1
https://doi.org/10.1080/17445647.2014.925839
https://doi.org/10.3390/rs13091857
https://doi.org/10.5194/essd-8-265-2016


A GIS Procedure to Assess Shoreline Changes over Time Using Multi-temporal Maps...	 127

[18]	 Yu Y., Zhang Z., Shokr M., Hui F., Cheng X., Chi Z., Heil  P., Chen  Z.: 
Automatically extracted Antarctic coastline using remotely-sensed data: an update. 
Remote Sensing, vol. 11(16), 2019, 1844. https://doi.org/10.3390/​rs11161844.

[19]	 Wang K.: Evolution of Yellow River Delta coastline based on remote sensing 
from 1976 to 2014, China. Chinese Geographical Science, vol. 29(2), 2019, 
pp. 181–191. https://doi.org/10.1007/s11769-019-1023-5.

[20]	 Terres de Lima L., Fernández-Fernández S., de  Almeida Espinoza  J.M., 
Albuquerque M.D.G., Bernardes C.: End Point Rate tool for QGIS (EPR4Q): 
Validation using  DSAS and  AMBUR. ISPRS  International Journal of Geo-
Information, vol. 10(3), 2021, 162. https://doi.org/10.3390/ijgi10030162.

[21]	 Jackson C.W.: Quantitative Shoreline Change Analysis of an Inlet-Influenced 
Transgressive Barrier System; Figure Eight Island, North Carolina. Universi-
ty of North Carolina at Wilmington, Wilmington, NC, USA 2004 [M.Sc. 
thesis].

[22]	 Hoeke R.K., Zarillo G.A., Synder M.: A GIS-based tool for extracting shoreline 
positions from aerial imagery (BeachTools). https://apps.dtic.mil/sti/citations/
ADA588790 [access: 3.04.2022].

[23]	 Himmelstoss E.: DSAS 4.0 – Installation Instructions and User Guide. [in:] Thie-
ler E.R., Himmelstoss E., Zichichi J., Ergul A. (eds.), The Digital Shoreline Anal-
ysis System (DSAS) Version 4.0 – An ArcGIS Extension for Calculating Shoreline 
Change, U.S. Geological Survey Open-File Report 2008-1278, U.S. Geological 
Survey, Reston, Virginia 2009. https://doi.org/10.3133/ofr20081278.

[24]	 Ding Y., Yang X., Jin H., Wang Z., Liu Y., Liu B., Zhang J. et al.: Monitoring 
coastline changes of the Malay Islands based on Google Earth Engine and dense 
time-series remote sensing images. Remote Sensing, vol. 13(19), 2021,  3842. 
https://doi.org/10.3390/rs13193842.

[25]	 Jackson C.W., Alexander C.R., Bush D.M.: Application of the AMBUR R pack-
age for spatio-temporal analysis of shoreline change: Jekyll Island, Georgia, USA. 
Computers & Geosciences, vol. 41, 2012, pp. 199–207. https://doi.org/10.1016/​
j.cageo.2011.08.009.

[26]	 Song Y., Shen Y., Xie R., Li J.: A DSAS-based study of central shoreline change 
in Jiangsu over 45 years. Anthropocene Coasts, vol. 4(1), 2021, pp. 115–128. 
https://doi.org/10.1139/anc-2020-0001.

[27]	 Dewi R.S.: Monitoring long-term shoreline changes along the coast of Sema-
rang. IOP Conference Series: Earth and Environmental Science, vol. 284, 
2019, 012035. https://doi.org/10.1088/1755-1315/284/1/012035.

[28]	 Zonkouan B.R.V., Bachri I., Beda A.H.J., N’Guessan K.A.M.: Monitoring spa-
tial and temporal scales of shoreline changes in Lahou-Kpanda (Southern Ivory 
Coast) using Landsat data series  (TM, ETM+ and OLI). Geomatics and Envi-
ronmental Engineering, vol. 16(1), 2022, pp. 145–158. https://doi.org/10.7494/
geom.2022.16.1.145.

https://doi.org/10.3390/rs11161844
https://doi.org/10.1007/s11769-019-1023-5
https://doi.org/10.3390/ijgi10030162
https://apps.dtic.mil/sti/citations/ADA588790
https://apps.dtic.mil/sti/citations/ADA588790
https://doi.org/10.3133/ofr20081278
https://doi.org/10.3390/rs13193842
https://doi.org/10.1016/j.cageo.2011.08.009
https://doi.org/10.1016/j.cageo.2011.08.009
https://doi.org/10.1139/anc-2020-0001
https://doi.org/10.1088/1755-1315/284/1/012035
https://doi.org/10.7494/geom.2022.16.1.145
https://doi.org/10.7494/geom.2022.16.1.145


128	 M. Pepe, D. Costantino, V.S. Alfio

[29]	 Quang D.N., Ngan V.H., Tam H.S., Viet N.T., Tinh N.X., Tanaka H.: Long-term 
shoreline evolution using DSAS technique: A case study of Quang Nam province, 
Vietnam. Journal of Marine Science and Engineering, vol. 9(10), 2021, 1124. 
https://doi.org/10.3390/jmse9101124.

[30]	 Nassar K., Mahmod W.E., Fath H., Masria A., Nadaoka K., Negm A.: Shore-
line change detection using DSAS  technique: Case of North Sinai coast, Egypt. 
Marine Georesources & Geotechnology, vol. 37(1), 2019, pp. 81–95. https://
doi.org/10.1080/1064119X.2018.1448912.

[31]	 Das S.K., Sajan B., Ojha Ch., Soren S.: Shoreline change behavior study of Jam-
budwip island of Indian Sundarban using DSAS model. The Egyptian Journal of 
Remote Sensing and Space Science, vol. 24(3), 2021, pp. 961–970. https://doi.
org/​10.1016/j.ejrs.2021.09.004.

[32]	 Kuleli T.: Quantitative analysis of shoreline changes at the Mediterranean Coast 
in Turkey. Environmental Monitoring and Assessment, vol. 167(1), 2010, 
pp. 387–397. https://doi.org/10.1007/s10661-009-1057-8.

[33]	 Khouakhi A., Snoussi M.: GIS-based vulnerability assessment to sea level rise of 
Al  Hoceima Bay (Moroccan Mediterranean): towards an integrated coastal zone 
management (ICZM). AGU Fall Meeting Abstracts, 2013.

[34]	 Armenio E., De Serio F., Mossa M., Nobile B., Petrillo A.F.: Investigation on 
coastline evolution using long-term observations and numerical modelling. [in:] The 
Proceedings of the Twenty-seventh (2017) International Ocean and Polar Engineer-
ing Conference: San Francisco, California, June 25–30, 2017, International Socie-
ty of Ocean and Polar Engineers (ISOPE), 2017, pp. 1556–1564.

[35]	 Cinque A., Guida F., Russo F., Santangelo N.: Dati cronologici e stratigrafici 
su alcuni depositi continentali della Piana del Sele (Campania): i «Conglomerati 
di Eboli». Geografia Fisica e Dinamica Quaternaria, vol. 11, 1988, pp. 39–44.

[36]	 Hofmann-Wellenhof B., Moritz H.: Physical Geodesy. Springer, Vienna 2006. 
https://doi.org/10.1007/978-3-211-33545-1.

[37]	 Radicioni F., Stoppini A.: Geodetic data in a multipurpose regional GIS. [in:] Mus-
sio L., Forlani G., Crosilla F. (eds.), Data Acquisition and Analysis for Multime-
dia GIS, CISM International Centre for Mechanical Sciences, vol. 365, Spring-
er, Vienna 1996, pp. 247–257. https://doi.org/10.1007/978-3-7091-2684-4_20.

[38]	 Luhmann T., Robson S., Kyle S., Harley I.: Close Range Photogrammetry: 
Principles, Techniques and Applications. Whittles Publishing, Dunbeath, Scot-
land 2006.

[39]	 Cina A., Manzino A.M., Manzino G.: Recovery of cadastral boundaries with 
GNSS equipment. Survey Review, vol. 48(350), 2016, pp. 338–346. https://doi.
org/​10.1179/1752270615Y.0000000007.

[40]	 Brovelli M.A., Minghini M.: Georeferencing old maps: a polynomial-based ap-
proach for Como historical cadastres. e-Perimetron, vol. 7(3), 2012, pp. 97–110.

[41]	 CISIS. ConveRgo, Version 2.04; CISIS: Roma, Italy, 2012. https://www.cisis.
it/?page_id=3214 [access: 29.03.2022].

https://doi.org/10.3390/jmse9101124
https://doi.org/10.1080/1064119X.2018.1448912
https://doi.org/10.1080/1064119X.2018.1448912
https://doi.org/10.1016/j.ejrs.2021.09.004
https://doi.org/10.1016/j.ejrs.2021.09.004
https://doi.org/10.1007/s10661-009-1057-8
https://doi.org/10.1007/978-3-211-33545-1
https://doi.org/10.1007/978-3-7091-2684-4_20
https://doi.org/10.1179/1752270615Y.0000000007
https://doi.org/10.1179/1752270615Y.0000000007
https://www.cisis.it/?page_id=3214
https://www.cisis.it/?page_id=3214


A GIS Procedure to Assess Shoreline Changes over Time Using Multi-temporal Maps...	 129

[42]	 Hu Q., Wu W., Xia T., Yu Q., Yang P., Li Z., Song Q.: Exploring the use of Goog-
le Earth imagery and object-based methods in land use/cover mapping. Remote 
Sensing, vol. 5(11), 2013, pp. 6026–6042. https://doi.org/10.3390/rs5116026.

[43]	 Maling D.H.: Coordinate Systems and Map Projections. 2nd ed. Elsevier, 2013.
[44]	 Gomarasca M.A.: Basics of Geomatics. Springer, Dordrecht 2009. https://doi.

org/10.1007/978-1-4020-9014-1.
[45]	 Himmelstoss E.A., Henderson R.E., Kratzmann M.G., Farris  A.S.: Digital 

Shoreline Analysis System (DSAS) Version 5.0 User Guide. U.S. Geological Sur-
vey Open-File Report 2018-1179, U.S.  Geological Survey, Reston, Virginia 
2018. https://doi.org/10.3133/ofr20181179.

[46]	 Alberico I., Amato V., Aucelli P.P.C., D’Argenio B., Di Paola G., Pappone G.: 
Historical shoreline change of the Sele Plain (Southern Italy): The 1870–2009 time 
window. Journal of Coastal Research, vol. 28(6), 2012, pp. 1638–1647. https://
doi.org/10.2112/JCOASTRES-D-10-00197.1.

[47]	 Pappone G., Aucelli P.P.C., Aberico I., Amato V., Antonioli F., Cesarano M., 
Pelosi N.: Relative sea-level rise and marine erosion and inundation in the Sele river 
coastal plain (Southern Italy): scenarios for the next century. Rendiconti Lincei, 
vol. 23, 2012, pp. 121–129. https://doi.org/10.1007/s12210-012-0166-4.

https://doi.org/10.3390/rs5116026
https://doi.org/10.1007/978-1-4020-9014-1
https://doi.org/10.1007/978-1-4020-9014-1
https://doi.org/10.3133/ofr20181179
https://doi.org/10.2112/JCOASTRES-D-10-00197.1
https://doi.org/10.2112/JCOASTRES-D-10-00197.1
https://doi.org/10.1007/s12210-012-0166-4


130	 M. Pepe, D. Costantino, V.S. Alfio

Appendix

Fig. A.1. Cadastral map no. 56
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Fig. A.2. Cartography of the year 1974. Element no. 48606
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Fig. A.3. Cartography of the year 1987. Sheet no. 5
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Fig. A.4. Numerical cartography of the year 1998
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Fig. A.5. Extract of the map taken from Google Earth environment of the year 2019


