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ABSTRACT

Since the 1960s, the promotion and development of tourism in coastal towns has turned them into a
remarkable source of wealth, linked to a significant population growth in recent decades. This growth
has led to a major urban development generating densely populated areas that have had an
extraordinary impact on the coasts. The urban growth occupying the dunes, the mass tourism, the
continuous construction of marinas and commercial ports, promenades and groynes have led to an
increase in the erosion that has affected the shoreline. In this work, the historical evolution of 6
beaches on the coast of Alicante (Spain) has been analysed from aerial images in a period between
1956 and 2017. Both changes in land use associated with the process of urban development and the
evolution of the shoreline have also been studied. These beaches are located in population centres
whose urban growth has influenced the anthropic actions on the beaches, most of them with relevant
problems of erosion. The urban area increased from 30% to more than 70% during this period. To
avoid coastal damages and to improve the touristic offer, these beaches were nourished in the 1990s,
changing the type of sediment that formed them from gravel to sand. In most cases, the filled material
has been lost nowadays, returning to the initial stage and even causing environmental damage to the
nearby Posidonia oceanica meadows. In order to plan future actions, it is important to be aware of the
effects of the past ones carried out. Alternatives should be developed in a sustainable manner with
criteria of circular economy, with adequate volumes of fills to maintain their tourist attraction and
defence function of the coast.
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1 INTRODUCTION

International tourism has grown rapidly over the last 60 years to become one of the world’s
largest economic sectors, with a significant contribution to many economies, both national
and local [1]. The uses and activities carried out in the coastal area are diverse, which has
led to numerous anthropogenic actions that have generated imbalances in the area, for
example, the construction of ports [2], urbanizations, canalizations or jetties on the coast
[3], [4]. These imbalances are generally related to the retreat of the shoreline, which causes
the vulnerability of any settlement around it [5].

Coastal and recreational tourism has a prosperous development, which has led to a large
urban growth in coastal areas. This has resulted in a significant demographic growth in
recent decades, generating a large urban development creating densely populated areas that
have had an extraordinary impact on the Levantine coasts. Since the 1960s, the Spanish
Mediterranean coastline has been subject to socio-political, economic and environmental
changes at local, national and even international levels. These have meant an important
change in the appearance of the Spanish east coast, its morphology and consequently the
coastal dynamics of the area have also been affected [4].

Among the variety of factors that beach users demand, such as the quality of water,
services or access to the beach, is the material that forms it. Its characteristics, such as grain
size, colour or morphology can increase the demand for a beach and the satisfaction of its
users [6]. In order to increase the tourist attractiveness of its beaches and promote urban
development, some municipalities requested a change in the typology of their beaches,
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from gravel to sand, through nourishment projects. The urban developments were executed
but the nourishments did not achieve the expected result [4], [7].

The method used to evaluate the impact of erosion on beaches has been the use of aerial
photography and classical topography. They were sufficiently valid methods to evaluate
those factors that were eminently visible and easily measurable. Currently, the factors that
affect beach erosion are more complex, more intense and have a greater impact on the
environment. Historically, the tracing of the shoreline has been an arduous task with
important methodological and technical limitations, but at present the use of geographic
information systems (GIS) has become a great advance in this field. GIS integrate data from
several sources (cartography, orthophotography, satellite images) that allow us to obtain
and compare the evolution in time of the shoreline [§]. These tools have widely been used
in the historical analysis of the shoreline trend changes from aerial images, by means of
applications such as Digital Shoreline Mapping System, DSAS [9].

To understand the evolution of land use, satellite images are the main means of
differentiating land cover. The CORINE Land Cover (Coordination of Information on the
Environment) project, also known by the acronym CLC, develops the creation of a database
on land cover and use in the European Union from 1990 to 2012 [10]. Artificial land cover
areas can be analysed to identify urban areas and patterns of urbanisation. On the one hand,
most of coastal vacant spaces have been occupied, while those already occupied extended
inland. On the other hand, the construction of motorways and other roads greatly improved
access to new inner areas. Land transformations have significantly changed the character of
the territory by creating new opportunity spaces; however, these were not exempt from
considerable environmental and economic costs [11].

In this research, a study has been carried out on the evolution of various beaches with
the aim of finding out about their changing trends in the past, their current state and future
progression and their relationship with the massive urbanisation of the surroundings of
these beaches.

2 AREA OF STUDY
Our research has studied various beaches located on the Spanish Mediterranean coast, in
the province of Alicante, whose main characteristics to date are described in Table 1. All of
them are located in highly urbanized environments and were nourished in the 1990s. Their
situation can be seen in Fig. 1.

3 METHODOLOGY
he methodology followed has consisted, on the one hand, in the study of the evolution of
the coastline from aerial images from 1956 to 2017. On the other hand, the land use data

Table 1: Current characteristics of the beaches studied.

BEACH Length | Width | Dso Beach material Promenade
(m) (m) | (mm)
Portet de Moraira | 360 20 0.311 Medium greyish sand | Yes
Arenal 1,375 | 45 0.260 | Medium greyish sand | Yes
Poniente 3,000 | 80 0.283 | Medium golden sand | Yes
Centro 1,220 | 67 0.231 Medium greyish sand | Yes
Carrer de Mar 1,444 | 68 0.320 | Medium greyish sand | Yes
San Juan 6,590 | 100 0.225 | Fine greyish sand Yes
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Figure 1: Location of the beaches.

of the CORINE Land Cover programme for the years 1990, 2000, 2006 and 2012 have
been used to evaluate the urban growth.

3.1 Shoreline evolution

The DSAS program for ArcGIS were used, increasing its capacities with obtaining the
erosion-reaction surfaces [4]. In order to measure the evolution of the coast, a series of
transects perpendicular to it were created, spatially separated by 100 m. The origin of these
transects is at the beginning of the promenades, and they are approximately 200 m long
towards the sea, so that from their intersection with the previously vectorized shorelines the
beach width is obtained for each transect in every period of time studied (Fig. 2).

3.2 Changes in land cover

The CORINE Land Cover polygons are used to identify the urbanised coastal area within a
2 km radius of the beaches under study. The collection of land use data is based on a basic
terminology that distinguishes between artificial surfaces, agricultural areas, forest and
semi-natural areas and wetlands. Artificial areas include urban fabric, industrial,
commercial and transport units, dump and construction sites and artificial non-agricultural
vegetated areas, such as green urban areas or sport facilities. This classification corresponds
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Figure 2: Example of shoreline analysis at Portet de Moraira beach.

Table 2: Average beach width (m) and urban area (%) in each period.

1990 2000 2006 2012

Beach | Urban | Beach | Urban | Beach | Urban | Beach | Urban

width | surface | width | surface | width | surface | width | surface
PORTET 14 59% 12 67% 5 69% 3 70%
ARENAL 5 58% 29 67& 25 70% 20 70%
PONIENTE | 10 36% 53 53% 33 60% 29 63%
CENTRO 4 11% 34 31% 38 35% 39 53%
CARRER 13 29% 73 38% 65 41% 61 60%
SAN JUAN | 7 37% 74 61% 81 66% 87 72%

to levels 1 and 2 of CORINE Land Cover. The reference date for the database is the date on
which the satellite data used as basic data were acquired (1990, 2000, 2006 and 2012).

4 RESULTS
The results of the analysis of the evolution of the shoreline and urban growth are
summarized in Table 2. The detailed results for each beach are presented as follows.

4.1 El Portet de Moraira beach

The beach has suffered a continuous process of erosion over the years as a result, among
other factors, of the lack of contributions due to the urbanization of the basin. In 1985 it
was nourished with 26,000 m? of sand from dredging and in March 2017, with 5,300 m3
from sand quarry. After this last fill, a great turbidity and change of colour of the water was
spotted. In the period 1977-1981 a generalised loss of width along the entire length of the
beach is detected, with an average value of -0.79 m/year. After the 1985 contribution an
average increase of 2 m compared to the 1977 shoreline is detected. However, the width
gained from this spill is lost in the next period analysed, with a loss of 9.5 m of beach
width. With the nourishment of 2017 an average increase of 6 m compared to 1977 and an
average width of about 20 m is achieved.
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The area around El Portet de Moraira beach has had a high degree of urbanization since
before the 1990s (Fig. 3). Precisely, 59% of the surface area of the 2 km surrounding the
beach was classified as artificial surface in 1990, increasing up to 69% in 2006. More than
1,000 ha correspond to urban fabric.

4.2 Arenal beach

This beach is located in Calpe. In 1992 the beach width was non-existent in a stretch of 500
m in its central position. The 1993 nourishment meant an increase in the average width of
50 m. However, from then until 2005, erosion rates of -1.3 m/year continued to erode the
beach. Since a second nourishment in 2002, the beach has shown a stable trend, except in
the western part where erosion has been detected next to the groyne.

An increase in the urbanised area is detected (Fig. 4), since where there was previously
heterogeneous agricultural lands in the coastal zone it is now an urban fabric, with an
increase of almost 100 ha. In each period of time, there are areas under construction, with
up to 70% of the coastline being urbanised in 2012.
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Figure 3: Land cover for El Portet de Moraira beach.
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Figure 4: Land cover for Arenal beach.
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Figure 5: Land cover for Poniente beach.

4.3 Poniente beach

This is one of the most famous beaches in Spain, located in Benidorm. This beach has
historically suffered a strong urban pressure and in 1991 was nourished with more than
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710,000 m? of sand from Serra Helada borrow pit, and a 100m semi-submerged groyne was
built to support the fillings. When analysing the evolution by periods, until 1990 the beach
showed an erosive trend with an average rate of -0.25 m/year, a little more pronounced
towards the centre of it. In this eastern stretch of the beach is where the greatest loss of
material occurs. As its wide was only of 10 m, the waves affected the promenade during the
storms. After the nourishment, the beach width increases by an average of 70 m, although
later erosion rates reached up to 2 m/year. The volume of sand dumped buries part of the
existing Posidonia oceanica meadow, destabilizing the profile. When the beach profile tried
to reach the equilibrium profile, the regression of the shoreline intensified.

The consequence was the loss of the gained width. In terms of urban growth, there is a
significant change, from 36% in 1990 of artificial surface up to 63% in 2012 (Fig. 5).

4.4 Centro beach

This beach is located in Villajoyosa, and it was a gravel beach that was nourished with
sands in the early 1990s. The first nourishment involved an increase of beach surface from
10,000 m? to more than 60,000 m?. However, after this nourishment, 12.8% of the beach
area was lost in the first few years. After a second filling carried out in 2002, the beach
seems to be stable with an average width of 40 m. In this case, the urban growth is evident,
from 11% in 1990 to 53% in 2012 (Fig. 6). This means that the urban fabric increases from
78 ha to more than 415 ha in the same period, an increase of 382%. As usual, it is the
agricultural areas that see their extension reduced.
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Figure 6: Land cover for Centro beach.

WIT Transactions on The Built Environment, Vol 179, © 2018 WIT Press
www.witpress.com, ISSN 1743-3509 (on-line)



100 Urban Growth and the Circular Economy

38°25'N 0°25'0 38°27'N 0°24°036°25'N r25'0 38°27'N 0°24'0
1 1 1 1 1 1

- —_— Carrer de Mar i "> Carrer de Mar | &
z 7 2|®
8 0 05 1 2km 47 0 05 1 2km 7

Carrer de Mar

z

: 7

£ 0 05 1 2km -7 0 05 1 2km *
I ]

- Carrer de Mar

1 1
38°24'N 0°23'0 38°25°N 0°22'0 38°26'N 324N 0°23'0 38°25'N 0°22'0 38°26'N

Figure 7: Land cover for Carrer de Mar beach.

4.5 Carrer de Mar beach

This beach is located in EI Campello, and it was a gravel beach that was nourished with
sands in the early 1990s. After the first nourishment, 20.9% of the beach area was lost in
the first years, remaining relatively stable at 50,000 m? until the second nourishment in
2002, which increased the surface area up to 100,000 m?. After this filling, the erosion trend
returns until nowadays, with an average beach width of 61 m.

A progressive urbanization of the beach environment over the years is detected (Fig. 7),
passing from 29% of artificial area in 1990 (270 ha) to 60% in 2012, with 556 ha occupied
by urban fabric. In this case, this urban growth was related to the development of touristic
complexes and it was at the expense of the agricultural areas surrounding the town of El
Campello.

4.6 San Juan beach

This beach is located in two municipalities, Alicante and El Campello. A clear regression of
the shoreline is detected between 1956 and 1990, particularly in the southern area closest to
Cape Huertas, where a loss of 30 m of beach is detected. Moreover, its width was zero in
some stretches, with the waves hitting the houses causing damages. After the nourishment
in early 1990s, the beach width increased by an average of 58 m. Since then, the northern
zone shows a stable behaviour, while the southern zone is tilting, with erosion in the most
extreme zone of the beach. The 1991 nourishment involved an increase in beach area of

WIT Transactions on The Built Environment, Vol 179, © 2018 WIT Press
www.witpress.com, ISSN 1743-3509 (on-line)



Urban Growth and the Circular Economy 101

38°22°N 38°23°N 38°24'N 38°25'N 38°26'N 38°22'N 38°23'N 28°24'°N 38°25'N 38°26°N
1 1 1 1 1 1 1 1

T I T
024'0 0"25'0 0"26'0

1
023'0

1
0°26'C 0°22'0

0"25'0

0051 2 km ?—Z 0051 2km : on g

I I 1 1 1 I
38°21'N 38°22'N 38°23'N 38°24'N 38°25°N 28°21N 38°22'N 38°23'N 38°24'N 38°25'N

Figure 8: Land cover for San Juan beach.

over 375,000 m?, which means that 11.3 m® were needed for every m? of beach created.
Since then, the beach has alternated periods of erosion with accretion, remaining stable at
around 480,000 m?, although in recent years the erosion trend has returned.

The growth of the urbanised area is evident (Fig. 8). In 1990, 37% of the land cover was
urban fabric. In 2000 it was already 61% and in 2012 it reached 72%. That is, there has
been a growth of 400 ha of urbanized land. This extension of land has been won to
heterogeneous agricultural areas.

5 CONCLUSIONS
Urban growth has been constant in the area of study, currently averaging 70% of the 2 km
closest to the beaches. The beach whose urban fabric has grown to a greater degree is the
Centro beach of Villajoyosa, although it is the one with the smallest occupied area of all,
with only 53%. However, beaches such as Poniente and San Juan have seen their urbanized
area doubled since 1990. On the other hand, a general loss of sand has been detected on the
beaches studied. In order to alleviate the effects of erosion and to increase the tourist
attraction of the beaches, they were regenerated in the 1990s changing their typology from
gravel to sand. This change has not had the desired effectiveness, with a significant loss of
beach area in the first few years after nourishments. The intense urbanization of the
watersheds prevents soil erosion and the contribution of sediments, increasing surface
runoff, with its reflection in the erosion of the beach. It is also necessary to avoid the
destruction of the dune cords that act as a reservoir of material for the beach to stop beach
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erosion. The results prove the great importance of these phenomenon. Land transformations
have significantly changed the character of the territory by creating new opportunity
spaces; however, these were not exempt from considerable environmental and economic
costs. In the future, the alternatives must be developed in a sustainable manner with criteria
of circular economy, with sufficient volumes of fills to maintain their function as tourist
and coastal defence sites.

(1]
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