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Abstract: The construction of port infrastructures in urbanized coastal territories causes a great im-
pact in the short and long term. The analysis of this impact is a very complex field due to the high
number of variables involved. The criteria for analyzing these phenomena are usually based on the
characteristics of the infrastructure to be built, but in the case of highly urbanized areas, there are
other variables that are not normally taken into account. With the aim of giving an alternative ap-
proach to traditional analysis methods and relating the maximum number of possible variables, our
study is given a multiparametric and retrospective approach based on GIS indicators. For this, the
coastal area of the southeast of Spain is analyzed with the cartographic information that we have
from the last 50 years. The changes suffered in the coastline caused by the construction of ports are
analyzed in two dimensions and the statistical correlation of the different variables studied and the
impact suffered on the coast are studied, such as the formation of tombolos and hemitombolos or
salients, as well as coastal regression, even generation of sludge due to imbalances in sedimentary
dynamics. The results can be used to enrich and improve the traditional analysis models for singular
cases such as those studied.
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1. Introduction

The analysis of anthropic impacts on the coastline has been widely studied from the
point of view of the generation of port infrastructures [1]. There are both direct and indi-
rect, deterministic and semi-probabilistic, etc. approaches of the dynamics of the coast [2].
These approaches focus their analysis of the impacts on sedimentary dynamics on models
developed from climatological or endogenous variables of the design of the port infra-
structure itself, such as fetch, the statistical height of the design wave, the bathymetry or
the orientation of the dikes [3].

This approach, traditional in civil engineering, often have difficulty incorporating
other parameters collateral to the port infrastructure itself, focusing the analysis primarily
on the design of the port construction, and these parameters may be relevant in certain
contexts. In addition, these are usually theoretical-practical approaches that are difficult
to contrast with reality, since the effects of the construction of port infrastructures in the
coastal area usually manifest themselves over several years, or even decades.

In this sense, the urban and territorial environment on which the port is located, the
orographic contextualization of the infrastructure or the interrelation with other nearby
coastal infrastructures are parameters that usually acquire a secondary role in the tradi-
tional analysis models of anthropic impacts in sedimentary dynamics, when they are not
directly ignored. For this reason, a different approach, multiparametric and based on
georeferenced spatial indicators, which will be evaluated over time, is proposed to evalu-
ate these impacts.
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This approach based on spatio-temporal GIS indicators will allow to carry out a work
of contrast with the more direct and short-term reality. For this, a series of ports located
in the southeast Mediterranean of Spain has been analyzed. These urban ports areas offer
a varied catalogue of boundary conditions, alternating different port construction typolo-
gies, location and geographical orientations, form of insertion on the coastline or interre-
lation with the urban fabric. Based on the observed evolution of the littoral space during
the last 50 years, the existing correlation between the different configuration parameters
of the urban port areas and their effects on the surrounding coastal environment will be
analyzed, in order to determine which spatial and territorial parameters govern these ef-
fects.

2. Area of study

The selected study area is located in the southeast of the Mediterranean coast of
Spain. This strip of about 300 km includes the regions of Alicante, Murcia and Almeria. It
is a territory with a high number of urban areas with port infrastructures and a varied
catalog of different configurations (Figure 1).

Figure 1. Port areas in the coastal territory of the Region of Murcia. Source: CARM.

In this geographical area we find port areas of varied characteristics. In relation to
the level of insertion on the coastline, we find ports of traditional configuration with dike
and counterdike generating a space on land reclaimed from the sea such as the Port of San
Pedro del Pinatar, ports with their dock completely integrated within the land space such
as the from Cabo de Palos and island ports such as Puerto de Los Nietos located in the
marine environment (see figure 2).

At the level of the marine environment, two well differentiated areas have been ana-
lyzed: on the one hand, the ports located in the Mediterranean Sea where the waves, with-
out having the impact of an oceanic climate, are a determining element in the configura-
tion of the port. On the other hand, the Mar Menor, a coastal lagoon of 170 km? and aver-
age drafts of 4-5 m deep, where we find nine marinas in which the reduced waves are not
a determining element in the design of their configuration.

In relation to its anthropic interaction with the closer coastal dynamics, we find ports
located at the mouths of channels or rivers, such as Guardamar de Segura in Alicante,
ports for which it has been necessary to dredge the land or a channel such as the ports of
La Isleta or Tomas Maestre, and ports generated almost naturally by a bay like Cartagena.
Finally, regarding the existence of a spatial interaction with the urban fabric, we find a
wide variety in the casuistry. There are ports fully integrated into urban environments
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such as Lo Pagan or Aguilas, ports partially integrated with non-urbanized areas or beach
areas such as Mazarrdn, and ports only surrounded by non-urbanized or even environ-
mentally protected areas such as San Pedro del Pinatar. These four parameters will serve
as the basis for shaping our methodological proposal.

3. Methodology

Considering the characteristics of the study area described in the previous section, a
methodological approach will be carried out in which the parameters mentioned above
will be categorized through qualitative indicators of the characteristics of the port envi-
ronments. Next, some geo-referenced indicators of the different effects that have been de-
tected in the spatiotemporal analysis carried out in the study area during the last 50 years
will be described.

Finally, a geostatistical analysis will be established between the different combina-
tions of qualitative indicators of configuration spatial indicators of effects in the coastal
environment to try to understand from a spatio-temporal perspective which parameters
govern the effects of and the port infrastructures in the urban coastal environments of this
study area.

3.1. Spatial indicators of port areas configuration
The parameters analyzed are described below:

- Insertion level on the coastline ILC: This parameter measures the level of territorial in-
sertion of the port area on the coastline. It is classified into 3 levels. The high level is as-
signed to those port areas that are completely generated in the land zone without the need
to gain space from the sea. The middle level is assigned to those port areas that are par-
tially located in the land area, with their dock occupying excavated space behind the coast-
line. The low level is assigned to those port areas whose basin has been generated entirely
on reclaimed land beyond the coastline.

- Marine environment ME: this parameter analyses the maritime variable, dividing it into
two cases. On the one hand, the ports located in the Mediterranean Sea where the waves
significantly condition the constructive design of the port infrastructure. On the other
hand, the ports located in the Mar Menor, where the waves hardly influence the configu-
ration of the port area.

- Anthropic interaction with the closer coastal dynamics AICCD: this parameter analyzes
the interaction capacity of the transformation of the port area with the infrastructures clos-
est to it. The ability to generate synergies between nearby coastal disturbances can have an
impact greater than the simple sum of both.

- Spatial Interaction with urban environment SIUE: This parameter analyzes from a spatial
perspective the interaction between the port infrastructure and the surrounding urban en-
vironment, if there is one. The fit in the urban fabric of the port basin is also addressed as
a parameter, measuring the level of interlocking of the connections at the urban level.

3.2. GIS impact indicators on the coastal territory of port infrastructures

To analyse the effects of the different casuistry of the proposed port areas, four
georeferenced spatial analysis indices have been generated. These indices address from a
territorial perspective the different impacts that the transformation of the coast may gen-
erate on the environment due to the construction of port infrastructures. The indices used
are detailed below:

¢ Index of sedimentary imbalance generation lsic
¢ Index of generation of environmental imbalances lce
e Index of deferred direct affection to urban environments lppaue

e Index of deferred affection to distant urban areas Ipapua
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3.3. Geostatistical analysis

To analyze the level of spatial correlation between the two types of parameters de-
scribed in the previous sections, a geostatistical analysis will be used [4]. This analysis will
allow us to understand from a spatial perspective what are the behavior patterns of the
impacts suffered by the coastal territory over time, based on the various characteristics of
creation and transformation of port areas.

4. Results and Discussion

This research is still in an initiation phase as part of a doctoral thesis. The objective is
to correlate the urban configuration of the coastal actuarial areas, observing how in the
areas with greater exposure due to the occupation of the water surface there have been
greater alterations, and to what extent other variables such as waves, the orientation or
urban configuration of the port area influences alterations in sedimentary dynamics in the
long term.

The results obtained will serve as a guide for the design and planning of ports in
coastal areas with similar boundary conditions to the studied in the Mediterranean coast.
In this context, the use of his tools can be of great help for the long-term evaluation of the
implications that port design has on the urban areas, conditioning the effects that the fu-
ture may produce on the present execution of port infrastructures in cities.

Figure 2. Spatial analysis of the evolution of the impact of island-type port infrastructure in the town
of Los Nietos between 1956 and 2019.
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