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Abstract

The management of environmental areas, with a particular focus in coastal and marine zones, has
become as an essential mechanism in ensuring sustainable development. These areas has proved
to be not only an invaluable ecological and economic asset but also especially fragile because of
the artificial and human activities taking place in them. The degeneration of these areas has
increased dramatically in recent years. These changes had created the need to establish effective
new forms of organization to ensure the sustainability of these areas.

Artificial intelligence techniques could contribute significantly to the development of a
novel approach of integral management within environmental dynamic field. Some of these
methods had been applied successfully in other scientific fields. Nevertheless, their application is
significantly lower in environmental works. In particular, knowledge representation may exhibit
an extraordinary and valuable resource to structure complex systems.

Knowledge representation is a subfield of artificial intelligence which main aim is mod-
eling a domain of discourse in an efficient and computer understandable manner. Knowledge
representation field emerged from the need of enhancing tradicional procedural methods, which
had been proven insufficient to solve certain complex problems using computers. Although logi-
cians was already confronted with the problem of formalizing knowledge declaratively before the
inception of computers, their efforts were focused on mathematical knowledge. Non-mathematical
knowledge representation is a scientific field based on more expressive logics.

With the emergence of computers and the evolution of the non-mathematical knowledge
representation, another artificial intelligence subfield called automatic reasoning began to
assume greater importance. Automatic reasoning allows inferring non-explicit knowledge, make
new assertions or verify the consistency of declared facts. At the same time, knowledge bases size
was reduced because it was no longer needed to represent the whole knowledge explicitly.

Nevertheless, many works within dynamic environment field start frequently from previous
research, or their data source is not public available. For these scenarios it is not possible to either
formalize knowledge nor apply automatic reasoning. Thus, knowledge discovery methods need
to be employed. Knowledge discovery usually involves several steps. The first one is selecting
and pre-processing data. After that, the core step is taken place, which is generally called data
mining. Eventually, results are validated and interpreted.

In other circumstances, data has to be obtained from non-numerical sources. Techniques
widely applied in environmental dynamics like remote sensing or video-monitoring frequently
need an additional feature extraction step. In these situations, another subfield of the artificial
intelligence, the computer vision, becomes relevant to acquire new kind of data.

While the application of these methods can be very beneficial for environmental dynamic field,
the selection of the suitable technique and its implementation is out of the work scope of most
environmental engineers. It is essential to carry out an interdisciplinary work to overcome these
difficulties and make artificial intelligence tools easily accesible for environmental researchers.



The main contribution of this Thesis is to provide a framework to environmental researchers
who want to apply artificial intelligence techniques to their works. This Thesis was conducted in
collaboration with several research groups. The work was mainly done at the multidisciplinary
research group of Environmental Fluid Dynamics of the University of Granada. The main
field of expertise of the group is the integral management of natural resources and the related
infrastructures for their exploitation, with specific focusing on coastal areas, ports and river
basins. Those topics are investigated through a combined methodology of theoretical analysis,
numerical modeling, measurements both at the field and at the laboratory, and data from
different sources. This group cooperated with the LexiCon Research Group to produce a lexical
environmental resource called EcoLexicon, which is the basis of some of the chapters in the
Thesis. Finally, as a result of a collaboration with the Terrestrial Ecology Research Group, an
ecological indicator system in Sierra Nevada was also developed. In summary, the data used
in this Thesis come from a variety of projects and works developed in collaboration with theses
research groups.



Resumen

La gestién de areas ambientalmente sensibles, con particular interés en la zonas costeras y
maritimas, se ha convertido en mecanismo esencial para asegurar un desarrollo sostenible. Se ha
comprobado que estas areas no solo constituyen un importante activo ecolégico y econémico, sino
que ademas son especialmente fragiles a las actividades artificiales y humanas que en esas se
desarrollan. El deterioro sufrido por estas zonas se ha visto incrementado de forma preocupante
en los dltimos afios. Estos cambios han creado la necesidad de establecer nuevas formas efectivas
de organizacién para garantizar la sostenibilidad de estas zonas.

Las técnicas de inteligencia artificial pueden contribuir de forma significativa al desarrollo
de nuevos enfoques para la gestién integral dentro del campo de la dindmica ambiental. Algunos
de estos métodos han sido aplicados en otros campos cientificos. Sin embargo, su aplicacién
es sensiblemente menor en trabajos medioambientales. En particular, la representacién del
conocimiento puede aportar un extraordinario y valioso recurso para estructurar complejos
sistemas.

La representacion del conocimiento es un campo de la inteligencia artificial cuyo prin-
cipal objetivo es modelar un dominio de discurso de una manera eficiente y entendible por un
ordenador. La representacion del conocimiento surge ante la necesidad de resolver problemas
complejos mediante el uso de ordenadores para los que los formalismos convencionales procedi-
mentales no resultan practicos. Aunque los légicos ya habian afrontado el problema de formalizar
el conocimiento de forma declarativa antes de la invencion de los ordenadores, sus esfuerzos
se centraban principalmente en la formalizacién de las matematicas. La representacion del
conocimiento no matematico es una rama de estudio basada en la creacién de nuevas légicas mas
expresivas.

Con la aparicion de los ordenadores y la representacion del conocimiento no matematico se
empieza a avanzar en paralelo en el campo del razonamiento automatico con gran éxito. El
razonamiento automaético permite inferir conocimiento no explicito, realizar nuevas afirmaciones
sobre el conocimiento o comprobar la consistencia del mismo. De forma complementaria, se reduce
el tamaio de la base de conocimiento, ya que no es necesario representar toda la informacién de
forma explicita.

No obstante, en numerosas ocasiones los trabajos dentro del &mbito de la dindmica ambiental
parten de trabajos previos, o incluso de datos a los que no se tiene acceso directo a su fuente. En
estas situaciones no resulta factible la formalizacion de dicho conocimiento ni es posible utilizar
razonamiento automatico, por lo que resulta mas interesante la aplicacién de técnicas para el
descubrimiento del conocimiento. Este proceso generalmente incluye una primera fase de
seleccion y preprocesamiento de los datos, una etapa principal consistente en mineria de datos,
y una udltima fase de validacién e interpretacion de los resultados.

En otras circunstancias, los datos deben ser obtenidos de fuentes no numéricas. Técnicas
ampliamente aplicadas en la dindmica ambiental como la teledeteccion o la video-monitorizacién
requieren a menudo de un paso extra para extraer las caracteristicas relevantes de las imagenes.
En estas situaciones, otro campo de la inteligencia artificial, la visién artificial, es fundamental a
la hora de adquirir nuevos tipos de datos.



Mientras que la aplicacién de estas técnicas puede ser muy beneficiosa para el campo de
la dinamica ambiental, la seleccién de la técnica adecuada y su implementacién se encuentra
a menudo fuera del ambito de trabajo de la mayoria de los ingenieros medioambientales. Es
esencial llevar a cabo un trabajo interdisciplinar para superar estas dificultades y hacer las
herramientas de inteligencia artificial accesible para los investigadores medioambientales.

La mayor contribucién de esta Tesis es proporcionar un marco de trabajo a ingenieros
medioambientales que deseen aplicar técnicas de inteligencia artificial a sus trabajos. Esta Tesis
ha sido desarrollada en colaboracién con otros grupos de investigacién. El trabajo principal
ha sido llevado a cabo en el grupo multidisciplinar de Dinamica de Flujos Ambientales de la
Universidad de Granada. El principal campo de trabajo del grupo es la gestién integral de
los recursos naturales y las infraestructuras relacionadas para su explotacién, con especial
atencién a las zonas portuarias, costeras y fluviales. La investigacion es aplicada a través de una
metodologia que combina analisis teérico, modelado numérico, medidas tanto en campo como
en laboratorio, y datos procedentes de diferentes fuentes. Este grupo colaboré con el Grupo de
investigacién LexiCon para implementar un recurso 1éxico dentro del dominio del medioambiente
llamado EcoLexicon, que es la base para alguno de los capitulos de la Tesis. Finalmente, como
resultado de una colaboraciéon con el Grupo de Ecologia Terrestre, se desarrollo un sistema de
indicadores ecolégicos para Sierra Nevada. En resumen, los datos empleados en esta Tesis
proceden de una gran variedad de proyectos y trabajos llevados a cabo en colaboracién con otros
grupos de investigacion.



Published papers derived from the Thesis

Imagery for geographic studies

Pedro Magaina, Alejandro Lépez-Ruiz, Andrea Lira, Miguel Ortega-Sanchez, Miguel A. Losada,
A public, open Western Europe database of shoreline undulations based on imagery, Applied
Geography, Volume 55, December 2014, Pages 278-291, ISSN 0143-6228, http:/dx.doi.org/
10.1016/j.apgeog.2014.09.018.

Ontological indicators system

A.J. Pérez-Luque, R. Pérez-Pérez, F.J. Bonet-Garcia, P.J. Magana, An ontological system based
on MODIS images to assess ecosystem functioning of Natura 2000 habitats: A case study for Quer-
cus pyrenaica forests, International Journal of Applied Earth Observation and Geoinformation,
Available online 26 September 2014, ISSN 0303-2434, http://dx.doi.org/10.1016/j.jag.2014.09.003.

Port management

Garcia-Morales, Rafael; Magaina, Pedro; Solari, Sebastian; Garcia-Contreras, Dario; Baquerizo,
Asuncién; Losada, Miguel. 2011. Optimization of port operational and safety. In Book of Abstract
Risk & Extreme Values in Insurance and Finance. Risk & Extreme Values in Insurance and
Finance. Lisboa, Portugal.

Garcia-Morales, Rafael; Magana, Pedro; Solari, Sebastian; Garcia-Contreras, Dario; Baquerizo,
Asuncién; Losada, Miguel. 2011. Optimizacién de la Operatividad y Seguridad Portuaria. En
Libro de Restimenes de las Jornadas de Costas y Puertos. Jornadas Espanolas de Puertos y Costas.
Las Palmas de Gran Canaria, Esparia.

Multilingual knowledge resource on the environment

Faber, Pamela, Ricardo Mairal, and Pedro Javier Magana. 2011. Linking a Domain-Specific
Ontology to a General Ontology. In Proceedings of the Twenty-Fourth International Florida
Artificial Intelligence Research Society Conference, 564—569.

Leén Araiz, Pilar, Pedro Magana, and Pamela Faber. 2011. Integrating Environment into
the Linked Data Cloud. In Proceedings of the 25th International Conference Environmental
Informatics. Envirolnfo Ispra 2011, ed. W. Pillman, S. Schade, and P. Smits, 370-379. Shaker
Verlag.

Leén Araiz, Pilar, Pamela Faber, and Pedro Javier Magaia. 2011. Linking Domain-Specific
Knowledge to Encyclopedic Knowledge: an Initial Approach to Linked Data. In 2nd Workshop on
the Multilingual Semantic Web (The 10th International Semantic Web Conference). Bonn.

Leén Arauz, Pilar, and Pedro Javier Magaina. 2010. EcoLexicon: contextualizing an environ-
mental ontology. In Proceedings of the Terminology and Knowledge Engineering (TKE) Conference
2010. Dublin: Dublin City University.

Reimerink, Arianne, Pilar Leén Araiz, and Pedro Javier Magana. 2010.EcoLexicon: an envi-
ronmental TKB. In Proceedings of the Seventh conference on International Language Resources



10

and Evaluation (LREC’10), ed. Nicoletta Calzolari, Khalid Choukri, Bente Maegaard, Joseph
Mariani, Jan Odijk, Stelios Piperidis, Mike Rosner,and Daniel Tapias, 2322—-2329. Valletta:
European Language Resources Association (ELRA).

Ledn Arauz, Pilar, Pedro Javier Magaia, and Pamela Faber. 2009. Building the SISE : an
environmental ontology. In European conference of the Czech Presidency of the Council of the
EU TOWARDS eENVIRONMENT Opportunities of SEIS and SISE: Integrating Environmental
Knowledge in Europe, ed. J Hrebicek, J Hradec, E Pelikan, O Mirovsky, W Pillmann, I Holoubek,
and T Bandholtz, 16-23. Brno: Masaryk University.

Leén Arauz, Pilar, Pedro Javier Magaina, and Pamela Faber. 2009. Managing inner and outer
overinformation in EcoLexicon: an environmental ontology. In 8¢me conférence internationale
Terminologie et Intelligence Artificielle. Toulouse.

Senso Ruiz, José, Pedro Javier Magaiia, Pamela Faber, and Maria Amparo Vila Miranda. 2007.
Metodologia para la estructuracion del conocimiento de una disciplina: el caso de PuertoTerm. El
Profesional de la Informacién 16, no. 6 (January): 591-604. do0i:10.3145/epi.2007.nov.06.

Papers in preparation

A Tintoré, P Magana, MA Reyes-Merlo and M Ortega-Sanchez, A Dredging Operations Database:
How to Create Databases of Civil Engineering Systematic Activities, Environmental Modelling &
Software

P Magana, M Ortega-Sanchez, A Morfino and MA Losada. A versatile, low-cost and lightweight
research-oriented video-based monitoring system. Computers & Geosciences



Contents
List of Figures
List of Tables

Chapter one

Chapter two

CONTENTS

11

12

13

Introduction 15
Context of thework . ... ... ... ... ... .......... 15
Purpose of theresearch . . . ... ... ............... 16
Outline of the document . . . . . . . ... ... ........... 16
Applications 17
Visual terminological knowledgebase . . . . ... ... .. ... ... 18
Introduction . . . . ... ... ... . .. ... ... 18
EcoLexicon: an e-environment resource . . . ... ........ 19
Linkeddata . ............. ... . . .. . . . ....... 24
Conclusions and futurework . . . . ... ... ... ........ 29
References . . . . ... ... .. .. . . . ... 29
How to Create Databases of Civil Engineering Systematic Activities 32
Introduction . . . ... ... ... .. ... ... 32
Study Area . . . . . ... .. . ... 34
Methodology . . . . . . . . . . ... . e 34
Results . . . . ... . . . . 40
Punta Umbria (Huelva): an Example of the Database Potential 49
Discussion . . . . . . ... .. . e 51
Conclusions . . . ... .. ... . . e 56
References . . . .. ... ... ... . . ... 57
Ontology-based ecological system . ... ... ............. 60
Introduction and rationale . ... .................. 60
Study areaanddata . . ... ... .................. 61
Knowledge retrieval: ontologies and semantic processing . . . . 64
Study Case . . . .. ... ... . . .. 68
Results . . .. ... . . . . . e 69
Discussion and Conclusions . . . . ... ... ............ 72
References . . . . ... ... . ... . . ... 73
Pattern recognition in shoreline dataset . ... ............ 81
Introduction . . . ... ... ... .. .. ... .. 81
Methodology . . . . . . . . . .. ... . 82



12 Contents

GeneralResults . . . .. ... ... ... .. ............. 88

Spain: a country-scale example of the database potential . . . . 93

Discussion and conclusions . . . .. ... ... ........... 96

References . . . . ... ... .. ... ... ... 100
Chapter three Conclusions and future work



LIST OF FIGURES

2.1.1 The EcoLexicon user interface: entry for ebb current . . . . .. ... ... ..... 20
2.1.2 Erosion context-freenetwork . ... ... ... ... ... ... . . o . 22
2.1.3 Erosion in the geology contextual domain . . . . . . ... ... ... ......... 23
2.1.4 Erosion in the hydrology contextual domain . . . ... ... ... .......... 24
2.1.5 Ontologyclasses . . . . ... ... . . i e 25

2.2.1 Study area and location of the ports managed by the Andalusian Regional Gov-
ernment studied in this work. The numbers associated with each port are in

correspondence with the information included in Table 2.2.1 ... ... ... ... 36
2.2.2 General scheme of the developed methodology to create databases from systematic

civil engineering activities . . . . . . . . . . . . . .. ... 37
2.2.3 Relational diagram . . .. ... ... ... ... e 39
2.2.4 Relation between the number of interventions and the module of the wave energy

flux (RW/m) . . . . . e e e e e 42
2.2.5 Relation between the number of interventions and Hio(m) . . ... ... ..... 43
2.2.6 verage dredging volume (ADVm, m®) permonth . . . . ... ... .......... 44
2.2.7 Average dredging volume (ADVi, m®) per intervention . .. ............. 45
2.2.8 Average liquidation budget (ALBi, €) per intervention . . . . . . ... ... .... 46
2.2.9 Average cost (€) of dredging 1Im® . . . . . . ... ... ... 47
2.2.10 Evolution of the destination of dredging material over the years . ... ... ... 47
2.2.11 Number of dredging interventions peryear . . . . ... ... ... ... ....... 48
2.2.12 Dredging expenditure (real prices) (€) peryear . ................... 48

2.2.13 Box-plot showing the analysis of (a) average price of dredging 1m? of material,
(b) liquidation budget of dredging interventions and (c) dredging volume in each

intervention. The main ports weredepicted . . . . . . . ... ... ... ....... 50
2.2.14 Relation between the number of storms, wave energy and wave angle and years

of the dredging operations . . . . ... ... .. ... . ... .. ... . ..., 51
2.2.15 Map represents the different between liquidation budget and adjudication budget 53
2.2.16 Percentage deviation of the dredging volume . . . . . . ... ... ... ....... 54
2.2.17 Percentage deviation of the durationof works . ... ... ... ... ........ 55
2.2.18 Graph shows the number of storms peryear . ... ... ... ............ 55

2.3.1 Location of Sierra Nevada mountains. The distribution of @. pyrenaica in the
Iberian Peninsula is shown in black (a). The nine patches of @. pyrenaica in
Sierra Nevada are shown in orange (b). The grey line shows the boundary of
the natural protected area of Sierra Nevada. The pixels used to compute the
vegetation and snow indicators are included (bluegrid) . .............. 62

13



14

2.3.2

2.3.3
234

2.3.5

2.3.6

2.3.7
24.1

2.4.2

2.4.3

244

2.4.5

2.4.6

2.4.7

2.4.8
2.4.9

List of Figures

Attributes derived of Normalized Difference Vegetation Index (NDVI) and snow-
cover profiles. Modified from Alcaraz-Segura et al. (2009) and Wang and Xie
(2009) . . e 64
System architecture . . . . . . . . . ... ... 65
Database schema. For each MODIS product the relational model stores three
types of information: i) spatial distribution of the pixels; ii) values of NDVI and
NDSI from original HDF files; and iii) the metadata associated with each original
image. The database also contains an auxiliary table to manage spatial entities
(i.e. Q. pyrenaica patches). Finally, there was a set of tables containing the

aggregated information and indicators obtained after processing the raw data . 66
Detailed representation of the ontology created. Three main parts are considered:
spatial information, indicators, and temporal trends of the indicators . . . . . . . 67

Scheme showing how the ontology solves questions regarding habitat functioning
(a) and the behaviour of an abiotic factor (b). For each ecological question,
different ontology elements are used to answer it. Then SPARQL language is
used to query the knowledge base. Finally, results can be shown in different

formats: map, csvor histogram . . ... ... ... ... ... ... .......... 70
Scheme showing the process of answering a complex query by the ontology ... 71
Coastline of the Western European and Northwestern African countries that

were analysed . . . . ... L e e 83

General geometry of a series of shoreline undulations. W - width; A - length; Wc -
width of the crest; Wt — width of the trough; Ac — length of the crest; At — length
ofthetrough . ... ... .. . . . . .. ... e 84
Examples of sites exhibiting shoreline undulations along the European coast. (a)
Coutances (France); (b) Crotone (Italy); (c) Catanzaro (Italy); (d) Reggio Calabria
(Italy); (e) Vannes (France); (f) Stodov (Denmark); (g) Malaga (Spain); (h) Malaga
(Spain) . . . . . e e e e 85
Maps showing: a) sites where shoreline undulations were identified, where the
legend corresponds to the number of individual shoreline undulations at each
site; b) Regions (1 to 15) within the area of study that were divided to describe

the collected data . . ... ... ... .. . . .. ... 88
Relationship between the number of undulations and the number of sites. The

line corresponds to the fitting of the data to a cubic function. . . . . ... ... .. 90
Sites where SU are characterised by lengths lower than 500 m. The diameter of

the circles is proportional to the number of undulations at a given site . . . . . . 90
Number of sites as a function of the number of undulations and the type of coast 91
SU classified according to the range of lengths (a) and widths(b) . . . . . ... .. 92

Fitting of average length and width: (a) all sites included, Skill (S) = 0.9047; (b)
filtered 2sigma, 276 sites, S = 0.9566; (c) filtered 2sigma from (b), 255 sites, S
= 0.9779; (d) filtered 2sigma from (c), 240 sites, S = 0.9835. sigma - standard
deviation. . . . . . . . ... e e e e 92

2.4.10 Fitting of average length and width for different intervals of A: (a) A<1000 m,

234 sites, S = 0.9074; (b) A<500 m, 208 sites, S = 0.7906; (c) A<350 m, 187 sites,
S =0.7107; (d) A<150 m, 79 sites, S = 0.4277. Sites included in the analysis are
derived from the fitting from Figure 11(d) . . . . . . .. ... .. .. ... ... ... 93

2.4.11 Maps showing different geometric (a, b) and maritime (c-f) information for the

Spanish coast. Hs = significant wave height; Tp = wave peak period . . . . .. .. 94



List of Figures 15

2.4.12 Grouped matrix-based visualisation of rules for the Spanish case study. Grouped
matrix uses a balloon plot with antecedent groups as columns and consequents
as rows. The number of rules and the most important items in the group are
displayed as the labels for the columns followed by the number of other items in
that antecedent group. Columns and rows in the plot are reordered such that the
aggregated interest measure is decreasing from the top down and from left to
right. Groups with the most interesting rules according to lift are shown in the
top-left corner of the plot. Support of the rules is represented with the size of the
balloons . . . . . . . . e e 97
2.4.13 Distribution of the shoreline undulations superimposed over the tidal range . . . 99



2.1.1
2.2.1

2.2.2

24.1

2.4.2

243

244
245
2.4.6

LI1iST OF TABLES

Pseudocode . . . ... .. ... 30
Name, ownership and function of the Andalusian ports. Ports managed by the
National Government or by the Andalusian Regional Government (directly or
indirectly) are denoted as PE, APPA-D and APPA-I, respectively. Numbering is
in correspondence with the information included in Figure 2.2.1 . . . ... .. .. 35
Detailed information included in the dredging database obtained following the
methodological procedure summarized in Figure 2.2.2. Maritime climate vari-

ables were included at the end of thetable . ... ... ... .. ........... 41
Geometrical characteristics of shoreline undulations and/or shoreline sand waves
identified in previous works found in the literature . . . . ... ... ... ... .. 84

Main fields included in the general table that characterise the undulations. Mar-
itime climate data only corresponds to sites where information was available to
the authors. Expanded fields of the table include: (1) Ocean/Sea: Mediterranean
Sea, Atlantic Ocean, Bay of Biscay, English Channel, Irish Sea, North Sea, Sk-
agerrak, Kattegat and Baltic Sea; (2) Type of coast: rectilinear, curvilinear and
river mouth or estuary; (3) Obstacle: channelised river mouth, breakwater, pier,

harbour androcks . . ... ... .. . . ... ... e 86
List of the main references and other sources of information that have been used

to characterise the maritime climate at the study sites . . . . . ... ... ..... 87
The average SU density for each region defined in Figure 2.4.4b . . .. ... ... 89
Association rules obtained for the Europe casestudy . ... ... .......... 96
Association rules obtained for the Spaincasestudy . ... .............. 96

16



CHAPTER

INTRODUCTION

Context of the work

The management of environmental areas, with a particular focus in coastal and marine zones, has
become as an essential mechanism in ensuring sustainable development. These areas has proved
to be not only an invaluable ecological and economic asset but also especially fragile because of
the artificial and human activities taking place in them. The degeneration of these areas has
increased dramatically in recent years. These changes had created the need to establish effective
new forms of organization to ensure the sustainability of these areas.

Artificial intelligence techniques could contribute significantly to the development of a
novel approach of integral management within environmental dynamic field. Some of these
methods had been applied successfully in other scientific fields. Nevertheless, their application is
significantly lower in environmental works. In particular, knowledge representation may exhibit
an extraordinary and valuable resource to structure complex systems.

Knowledge representation is a subfield of artificial intelligence which main aim is mod-
eling a domain of discourse in an efficient and computer understandable manner. Knowledge
representation field emerged from the need of enhancing tradicional procedural methods, which
had been proven insufficient to solve certain complex problems using computers. Although logi-
cians was already confronted with the problem of formalizing knowledge declaratively before the
inception of computers, their efforts were focused on mathematical knowledge. Non-mathematical
knowledge representation is a scientific field based on more expressive logics.

With the emergence of computers and the evolution of the non-mathematical knowledge
representation, another artificial intelligence subfield called automatic reasoning began to
assume greater importance. Automatic reasoning allows inferring non-explicit knowledge, make
new assertions or verify the consistency of declared facts. At the same time, knowledge bases size
was reduced because it was no longer needed to represent the whole knowledge explicitly.

Nevertheless, many works within dynamic environment field start frequently from previous
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18 Chapter 1. Introduction

research, or their data source is not public available. For these scenarios it is not possible to either
formalize knowledge nor apply automatic reasoning. Thus, knowledge discovery methods need
to be employed. Knowledge discovery usually involves several steps. The first one is selecting
and pre-processing data. After that, the core step is taken place, which is generally called data
mining. Eventually, results are validated and interpreted.

In other circumstances, data has to be obtained from non-numerical sources. Techniques
widely applied in environmental dynamics like remote sensing or video-monitoring frequently
need an additional feature extraction step. In these situations, another subfield of the artificial
intelligence, the computer vision, becomes relevant to acquire new kind of data

While the application of these methods can be very beneficial for environmental dynamic field,
the selection of the suitable technique and its implementation is out of the work scope of most
environmental engineers. It is essential to carry out an interdisciplinary work to overcome these
difficulties and make artificial intelligence tools easily accesible for environmental researchers.

Purpose of the research

The main contribution of this Thesis is to provide a framework to environmental researchers who
want to apply artificial intelligence techniques to their works. This global aim is structured in
different specific targets:

* To differentiate data types employed usually within environmental dynamics field
* To determine knowledge representation and extraction methods more suitable
* To identify additional methods required to build fully functional applications

* To develop case studies prototypes applying the previous techniques to manage the infor-
mation derived from environmental processes

* To propose a set of recommendations to help develop new applications and enhance previous
ones

Outline of the document

The document is structured as follows. Firstly, data types exhibits in environmental dynamics
are studied and characterized. Subsequently, the foundation of the different artificial intelligence
techniques employed is introduced. Afterwards, several study cases are presented together with
the methodology applied and its rationale, with an emphasis on the singularities exhibited by
the environmental discipline. Finally, the closing part of the document consists in a discussion
of the work and a proposal of best practices. The proposal includes recommendations for both
knowledge management and publishing data within environmental domain with the objetive of
enhance a collaborative knowledge sharing between scientific communities.



CHAPTER

APPLICATIONS

In the first application, EcoLexicon is presented. EcoLexicon is a multilingual knowledge re-
source on the environment and provides an internally coherent information system covering
a wide range of specialized linguistic and conceptual needs. Data in our terminological knowledge
base (TKB) are primarily hosted in a relational database which was subsequently linked to
an ontology in order to apply reasoning techniques and enhance user queries. The advantages
of ontological reasoning can only be obtained if conceptual description is based on systematic
criteria and a wide inventory of non-hierarchical relations, which confer dynamism to knowledge
representation. Thus, our research has mainly focused on conceptual modeling and providing a
user-friendly multimodal interface. The dynamic interface, which combines conceptual (networks
and definitions), linguistic (contexts, concordances) and graphical information offers users the
freedom to surf it according to their needs. Furthermore, dynamism is also present at the repre-
sentational level. Contextual constraints have been applied to re-conceptualize versatile concepts
that cause a great deal of information overload.

Thereafter, the following application consists on the development of a methodology to
create databases of civil engineering systematic activities. Many of those activities are
constantly taking place around us with an important social, environmental and economical
impact. This research provides value added in accounting literature given the scarcity of works
dealing with databases or systematic information on dredging activities that can be used to gain
deeper insight into management decisions. This can be due to the complexity of the documentation
involved in civil engineering projects that are frequently modified during the construction phase.
This methodology was specifically apply to study the dredging operations at Andalusian ports
during since 1993 until present. The gathered data was finally incorporated into a PostGIS
database, which allows both spatial queries and advanced GIS analysis to be carried out.

Subsequently, it is introduced an ontological system called Savia that can describe both
the ecosystem functioning and the behavior of abiotic factors in a Natura 2000 habitat. In Savia,
a methodological approach that combines the use of (satellite) Earth observation with ontologies
to monitor Natura 2000 habitats and assess their functioning is implemented. This system is

19



20 Chapter 2. Applications

able to automatically download images from MODIS products, create indicators and compute
temporal trends for them. We have developed an ontology that takes into account the different
concepts and relations about indicators and temporal trends, and the spatio-temporal components
of the datasets. All the information generated from datasets and MODIS images, is stored into a
knowledge base according to the ontology. Eventually, users can formulate complex questions
using a SPARQL end-point.

Finally, the last work explore the potential of using imagery for geographic studies
implicating large extensions, with a particular emphasis on coastal studies. To that end, we
developed a database of identified and characterized shoreline undulations created after reviewing
a total of approximately 50,000 km of coast in Western Europe and Northwestern Africa. This
database is free, public and available for the scientific community and can be used to gain deeper
insight into coastal morphodynamic processes. This work also explored the potential of using
data mining techniques for this type of studies. Although the number of sites (294) and the total
number of individual undulations (901) identified was not huge, the total amount of information
(17 fields for every undulation) was sufficient to start applying data mining to analyze the data.
This type of analysis will become more significant if more observations in time are available and
if the number of sites or variables increases. With this work we also encourage other researchers
to perform similar analyses and improve and/or create new geomorphic large extension databases
with public access.

2.1 Visual terminological knowledge base

Introduction

Currently, there are many environmental data sets available; however, they lack homogeneity,
since they have been created for very different purposes and in very different formats. In this
work we propose a model capable of integrating some of these data sets with EcoLexicon, an
e-environment knowledge base. It facilitates learning and communication and is also integrated
in an ontological model. This facilitates its integration in the Semantic Web, and, thus supports
the development of implementation tools for external initiatives. Our initial proposal within the
framework of Linked Data is to integrate EcoLexicon with DBpedia, GeoNames and GEMET.

One of the main goals of the our work is to provide some sort of integrated and shared
environmental information space. This can be accomplished with a knowledge framework
capable of managing and integrating information from different sources. This task has much
in common with the Semantic Web initiative, from which the e-environment community can
benefit, especially when it comes to the interoperability of previously developed technologies
(Le6n Arauz et al., 2009). Currently, there are many environmental data sets available, such
as the General Multilingual Environmental Thesaurus (GEMET), Environmental Applications
Reference Thesaurus (EARTh), Umwelt Thesaurus (UMTHES), SilvaTerm, and ontologies, such
as EnVo, SWEET, and the Earth and Planetary Ontology. It is thus our challenge to propose a
model capable of integrating some of these data sets with EcoLexicon (http://ecolexicon.ugr.es),
an e-environment knowledge base.
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EcoLexicon: an e-environment resource

EcoLexicon is a multilingual terminological knowledge base (TKB) on the environment. This TKB
was initially implemented in Spanish, English, and German. Currently, four more languages
are being added: Modern Greek, Russian, French, and Dutch. So far it has a total of 3,271
concepts and 14,644 terms. EcoLexicon can contribute to the development of the SEIS and
SISE from both a linguistic and knowledge representation perspective. It is conceived as a
knowledge acquisition tool for a wide range of agents involved in environmental communication
(i.e. environmental experts, specialized translators, technical writers, lay users, etc.). According
to Hrebicek and Pillmann (2009), the aim of the SEIS is to provide environmental information
to all citizens. In this sense, EcoLexicon facilitates learning and communication and eliminates
terminological confusion. Undoubtedly, one of its main assets is its multilinguality. However, it
also includes semantic networks, graphical resources, and contextual information that enhance
the representation of conceptual and terminological knowledge. These features also help to raise
public awareness of environmental issues and contribute to the standardization of designations in
different languages, which also promotes shared knowledge at an international level. EcoLexicon
is primarily hosted in a relational database (RDB), but at the same time it is integrated in an
ontological model. This facilitates its integration in the Semantic Web, and, thus supports the
development of implementation tools for SEIS, the main objective of the SISE (Hrebicek and
Pillmann, 2009).

User interface

Each entry in EcoLexicon provides multiple interrelated modules, such as those shown in Figure
2.1.1 for the concept ebb current. Users are not obliged to view all this information at the same
time, but can browse through the interface, depending on their needs. Users can perform both
single and combined term searches and obtain different results that can be retrieved from the
Search results tab. Alternatively, they can also browse the semantic networks. Furthermore, in
the left margin of the screen, users can visualize and expand four modules: Terms, Resources,
Definition and Domains.

Under the tag Terms, different multilingual choices are shown to the users, who can then click
on any of them and obtain terminological information, such as whether a linguistic designation is
the main entry term or if it is a synonym, acronym or register and style variant. Information
is also provided regarding how terms are used in real contexts. Figure 2.1.1 shows that ebb
current has a total of 16 different designations in Spanish, English, German, and Greek since
all registers and linguistic varieties are accounted for. For instance, in this case, ebb tide is a
non-technical variant for the concept ebb current. Even in large term bases, multilingual variety
is rarely represented in an exhaustive way. However, this type of information is invaluable
because not only does it provide users with multiple options for specialized text comprehension
and production, but it is also useful for conceptual disambiguation (see section 3).

When users click on the tag Resources, they are provided with informative URLSs or graphical
information (images, graphics, charts, etc.) specifically selected, depending on the information
contained in Definitions, the next tag. Definitions are modelled in terms of the constraints
imposed by the domain-specific conceptual categories and relations in EcoLexicon (Faber et al.,
2007). This produces a set of templates based on category membership, which is also shown
under the tag Domains. Figure 2.1.1 shows that the definition of ebb current has the genus tide,
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Figure 2.1.1: The EcoLexicon user interface: entry for ebb current

which, because of its multidimensionality, can potentially belong to three domains: movement,
part of water mass, and physical agent.

At a more fine-grained level, concepts are displayed in a dynamic network linked to other
concepts (right-hand side of the window). As shown in the lower righthand corner, conceptual
relations are color-coded and classified into generic-specific, part-whole, and non-hierarchical
relations, which contribute to the representation of knowledge natural dynamism (Leén Aratiz
and Faber, 2010). Users can click on any of these concepts and thus further expand their
knowledge of this domain sector. Nevertheless, problems can arise when it is a question of
browsing networks of very general concepts, which are linked to too many other concepts and
thus carry an excessive load of information.

The environmental domain has many concepts that can be represented from very diverse
perspectives since it is such a vast knowledge area. This is known as multidimensionality
(Rogers, 2004; Kageura, 1997) and is commonly regarded as a way of enriching conventional
static knowledge representations. However, this can also lead to an information overload that
is a serious obstacle to knowledge acquisition. General versatile concepts, such as water, share
multiple relations with many other concepts, but they rarely, if ever, activate all those relations
at the same time since this would evoke completely different and incompatible scenarios. In this
sense, although concepts are entrenched cognitive routines which are interrelated in various ways
that facilitate their co-activation, they actually retain sufficient autonomy so that the activation
of one does not necessarily entail the activation of all of the rest (Langacker 1987: 162). In



2.1. Visual terminological knowledge base 23

line with situated cognition, our claim is that any specialized domain contains sub-domains in
which conceptual dimensions become more or less salient, depending on the activation of specific
contexts (Ledén Aratz and Faber, 2010; Leén Araudz et al., 2013). Thus, context is a dynamic
construct that triggers or restricts knowledge. For instance, the proposition, water treatment
plant affects water, would only be informative for users whose knowledge search activated a
wastewater scenario, whereas water causes erosion would only be useful for users that wished to
situate the concept in a geological scenario. It is evident that the same query would never lead to
the retrieval of both propositions unless users performed their search in a context-free mode.

The area of environmental knowledge was thus divided into a set of contextual domains
(e.g. hydrology, geography, oceanography, civil engineering, environmental engineering, etc.)
and the relational power of concepts was constrained accordingly. Contextual domains were
allocated in a similar way as in the European General Multilingual Environmental Thesaurus,
whose structure is based on themes and descriptors reflecting a systematic, category or discipline-
oriented perspective (GEMET 2004).

In EcoLexicon, contextual constraints are neither applied to individual concepts nor to
individual relations. Instead, they are applied to conceptual propositions, each of which may be
assigned to more than one domain. This constrains versatile concepts, such as water, as well as
other concepts that are linked to more general ones. For instance, erosion takes the following
shape in a context-free network (Figure 2.1.2), which appears overloaded mainly because it is
closely linked to water, one of the most important agents of this process.

When contextual constraints are applied, however, erosion is only linked to other concepts by
propositions applicable in geology (Figure 2.1.3) or hydrology (Figure 2.1.4).

Relational database and ontology

EcoLexicon can undoubtedly benefit from the Semantic Web initiative. Ontologies are a powerful
representational model since they add the semantic expressiveness lacking in RDBs. This
enriches potential queries because reasoning techniques can be applied to extract implicit
information. Nevertheless, EcoLexicon, in the same way as many other resources, was initially
not conceived as an ontology. This means that legacy systems (RDB stored information) must be
linked to an ontological system (Leén Aratuz and Magaia Redondo, 2010). This is not an easy
task since both representational models are very different. In contrast to relational databases,
ontologies are highly expressive relational structures that strive to describe concepts in very
similar terms to those used by humans. EcoLexicon stores semantic information in the ontology,
while leaving the rest in the relational database. In this way, we can continue using the new
ontological system, while at the same time feeding the database.

As seen in Figure 2.1.5, contextual domains have inspired the design of our ontology classes.
The ontology is automatically retrieved from the data stored in our RDB, according to the following
assumption: if a concept c is part of one or more propositions allocated to a contextual domain C,
¢ will be an instance of the class C. This contextual category structure makes user queries more
dynamic since they can perform different searches through the union and/or intersection of our
domains. In this way, they can obtain new but still cognitively-sound knowledge networks. For
instance, the intersection of hydrology and geology would restrict the conceptual structure to only
hydrogeological propositions, whereas the union of environmental, mining, transport, hydraulic
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Figure 2.1.3: Erosion in the geology contextual domain

and coastal engineering would make up the whole domain of civil engineering.

Furthermore, our conceptual relations can be enhanced by an additional degree of OWL se-
mantic expressiveness provided by property characteristics, such as transitivity. For this purpose,
partonymy has been split up into six different relations (part_of, composed_of, takes_place_in,
phase_of, located_at, delimited_by) because not all parts interact in the same way with their
wholes. For example, if located_at were regarded as a part_of relation, that would cause fallacious
transitivity (Murphy 2003). If a gabion is part_of a groyne and a groyne part_of the sea, an
ontology would infer that gabions are part_of the sea, which is not a plausible example. Thus,
the only relation that can be considered fully transitive is part_of, which is only used for physical
objects that are sharply bounded in space. For example, from our ontology we can retrieve berm
and beach as two wholes of which berm crest is a part, despite the fact that the only explicit
propositions stored in the ontology are berm crest part_of berm and berm part_of beach. However,
transitivity does not extend to higher levels of the ontology since beach is not part_of anything
but is located_at the coast. The reason for this is that evidently not all coasts need beaches to
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Figure 2.1.4: Erosion in the hydrology contextual domain

exist. In this way, the proposition berm crest part_of coast is avoided and is thus not inferred.

Linked data

Once information can be accessed by using ontological resources, it is also easier to connect it
with other environmental resources. Even though reusability is often based on data merging,
this has the disadvantage of leading to a heterogeneous blending of very diverse data that were
originally stored for very different purposes. Various techniques have been proposed for linking
data. Previous attempts use automatic mediation algorithms to map and merge ontology schemas
(de Brujin et al., 2006). However, an important drawback is that the schemas do not always
remain public. However, many systems provide interfaces to interact with their structured
data, namely, APIs (Application Programming Interfaces). These interfaces allow developers to
combine information from different data sources and create new services known as mashups
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(Zang et al., 2008). Nevertheless, given the fact that many APIs are proprietary, it is thusnot
possible to set links between data objects.

Linked Data (Berners-Lee, 2006) is an innovative approach to this problem. It uses Semantic
Web technologies to publish structured data and, at the same time, set links between data items
in one data source and data items in other data sources (Heath et al. 2008). This makes it possible
to connect data items in different resources, and at the same time keep the resources independent.
In our opinion, this methodology can be successfully applied to EcoLexicon to link its data to
other semantically-related data sources. This would also enable other environmental resources
to enhance their systems with our information, which would help to build a real environmental
community of shared data within the Linked Data framework.

Linked data provides a framework to set RDF links pointing to other data sources on the
Web. Technically, an external RDF link is an RDF triple in which the subject of the triple is a
URI reference in the namespace of one data set, while the predicate and/or object of the triple are
URI references pointing to the namespaces of other data sets (Heath and Bizer, 2011). DBpedia
is the linked data version of Wikipedia and is at the core of such an initiative, given that it is one
of the central knowledge sources of the web. Connecting the concept wastewater from EcoLexicon
to that of DBpedia results in the following statement:

<http://ecolexicon.ugr.es/resource/wastewater>
<http://www.w3.0rg/2002/07/owl#sameAs>
<http://dbpedia.org/resource/Wastewater>

Integrating EcoLexicon into the linked data cloud

Our initial proposal is to integrate EcoLexicon with DBpedia and GeoNames, which are already
part of the Linked Data cloud, and GEMET, the GEneral Multilingual Environmental Thesaurus.
The GeoNames database integrates data, such as place names in various languages, geographical
features, population, and other related information from various sources (i.e. the National
Geospatial-Intelligence Agency, the US Board of Geographic Names, the US Geological Survey
Geographic Names Information System, etc.). All the information in GeoNames is organized in
nine classes called features. In contrast, GEMET was developed as an indexing, retrieval, and
control tool for the European Topic Centre on the Catalogue of Data Sources and the European
Environment Agency. One of its aims is to define a core general terminology for the environment
in 17 European languages and structure it in a set of semantic fields called themes and groups.
We decided to link EcoLexicon to these three resources in order to cover a wide scope: (1) DBpedia
is the core of Linked Data; (2) GEMET is more connected to environmental institutions and
policies; (3) GeoNames opens up the possibility of exploring a geolocalization line in EcoLexicon.

Linking data sources from DBpedia can be quite straightforward since different tools, such
as the ontology editor TopBraid Composer, can automatically suggest links. However, due to
lexical variation and the lack of univocity in both general and specialized knowledge, automatic
mappings are not always viable. This means that manual work is still necessary and desirable to
a certain extent. For example, an automatic mapping of the geological concept cape in EcoLexicon
to DBpedia resources could be misleading since cape is a highly polysemous term. There are fewer
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problems related to polysemy in GeoNames and GEMET because all concepts are domain-specific,
but lexical variation may impair the string matching process.

Nevertheless, instead of mapping one-to-one manual correspondences, we can take advantage
of the semantics contained in our resource. Term strings from EcoLexicon can be compared
with those from the other three resources, enhanced by EcoLexicon data sets that include
multilingual choices and variants, category membership, and semantic relations, such as is_a
and part_of. As previously mentioned, the use of multilingual choices is a powerful method
for conceptual disambiguation. Nevertheless, monolingual variants also ensure a systematic
matching procedure since not all concepts are designated by their canonical form. This means
that a sameAs relationship can still be semi-automatically established even between concepts
that are designated by different terms in each data set.

The first step in the data linking process is the comparison of the string of all our English
variants with the DBpedia, Geonames, and GEMET entries. Since these strings may match
various entries in DBpedia and lead to erroneous mappings, conceptual disambiguation is then
performed by comparing other language equivalents. In this way, cape in EcoLexicon would only
be linked to the concept in DBpedia with the Spanish equivalent of cabo (geographical landform)
and not capa (clothing article). Nevertheless, in those cases in which polysemy also occurs at a
cross-linguistic level, category membership information must be added to the linking algorithm.
If any term belonging to the same contextual class of the search concept appears in any of the
RDF properties, then concepts are equivalents.

Contextual classes are also used when mapping EcoLexicon concepts to GEMET and GeoN-
ames. Accordingly, our classes were manually compared to those in both resources in order
to restrict the number of concepts to be mapped and ensure context-based correspondences.
Since our domains were designed in a similar way to those in GEMET, all themes in the latter
coincide with one or more of our classes. For example, GEMET’s Chemistry theme matches
our classes Chemistry and Chemical Engineering. As for GeoNames, we have ruled out some
of the nine features, such as city and village since EcoLexicon does not as yet cover instances.
Rather our focus is on both natural landforms (peak, cape, beach) and artificial constructions
(dam, breakwater, jetty) which, based on the data in EcoLexicon, are the most interesting ones
to be shown on a map. In our ontology, natural landforms and artificial constructions may only
be contained in five of our classes. Thus, the GeoNames features Spot, building, and farm are
mapped onto our civil engineering class, whereas Mountain, hill, rock and stream, lake and
undersea are mapped onto geography, geology, oceanography, and hydrology.

Finally semantic relations are also used in GeoNames to display more concepts on the map.
For instance, once a concept has been matched in the two resources, all of its wholes (if any)
and/or its immediate superordinate concept will also be included by transitivity. This means that
not only will the concept dock be shown on the map, but also its hyperonym coastal structure and
its whole harbor. Furthermore, certain categories in GeoNames refer to parts of other concepts,
such as section of stream, section of lake, and section of harbor. In these cases, the string after
section of will be compared with the concepts in EcoLexicon. If there is any match, then all of its
parts (if any) would be included.

Semantic relations can also be used in the rare cases of ambiguity in GEMET, given that
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this is the only resource of the three that is hierarchically organized. Apart from the themes
and groups, GEMET is organized in broader, narrower and related terms. In those cases where
multilingual choices are not sufficient, all related terms can be mapped onto our networks and be
used for disambiguation.

The case of spit, bank, and wastewater treatment plant

To illustrate our data linking proposal, we have chosen three concepts: spit, bank, and wastewater
treatment plant. Although all of them are included in the three resources, there are certain
differences. In EcoLexicon, English and Spanish terms for the concept spit are spit, sand spit,
offshore beach, barrier beach, playa barrera and cordon litoral. These lexical variations allow us
to identify and link the same concept in the three resources, since in Geonames and DBpedia spit
is designated by spit,whereas in GEMET, it is designated by barrier beach. However, in DBpedia,
spit is a polysemic term. It may refer to rain, saliva, rapping or a coastal landform,among other
things. In this case, contextual categories are not necessary for disambiguation, since comparing
the property label of all possible forms with our Spanish equivalents leads us to the term cordon
litoral, which is not ambiguous. Thus, the underlying algorithm of this linking rule uses our data
sets related to linguistic variations and multilingual choices.

The case of bank is similar to that of spit. Nevertheless, it is necessary to add other parameters
to the linking rule since bank is also polysemic in Spanish. In the same way as in English, banco
can refer to a geographic landform or a financial institution, and there are not many other common
multilingual equivalents in DBpedia for disambiguation. In DBpedia, this domain-specific entry
is named, and differentiated from others, such as bank (geography). In order to match this entry
and not any of the others it is necessary to add a context-based rule. Therefore, this match will
occur in the following contexts: (1) when the word in brackets matches the string of any of our
classes; (2) when any term associated with any concept belonging to the same contextual category
as the search concept appears in one or more of the following properties: dbpedia-owl:abstract,
dcterms:subject, rdfs:comment, or dbpedia-owl:wikiPageRedirects. In this case bank in EcoLexicon
belongs to the classes, geography, geology and oceanography, as do many other concepts, such as
shoreline, estuary, reservoir, slope, river, marsh, etc, all of which are contained in the properties
dbpedia-owl:abstract, dcterms:subject and rdfs:comment. Furthermore, since the disambiguating
word in brackets coincides with the EcoLexicon class geography, the second step is not required.
In GeoNames, there is only one bank concept. As for GEMET, the concept is also distinguished
from others, such as bank (land). Nevertheless, these steps are not required, since the Spanish
equivalent ribera matches one of the variations in EcoLexicon.

Finally, wastewater treatment plant does not show ambiguity problems because it is a very
specialized concept. However, it is a clear example that reinforces the need for term bases to store
not only multilingual choices but also monolingual variations. In EcoLexicon there are 17 terms
in English, Spanish, and Modern Greek associated with this concept. If lexical variations were
not so exhaustively collected in EcoLexicon, we would not be able to link it to the three resources,
since each resource gives a different term to designate the concept. In DBpedia, wastewater
treatment plant is named wastewater treatment plant, the same as in EcoLexicon. However,
the term in GEMET is an orthographic variation (waste water treatment plant), whereas the
GeoNames term (sewage treatment plant) clearly reflects register variation.

This is a good example of how linking data does not always ensure knowledge acquisition
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by the user, since conceptual modeling does not necessarily follow a concrete pattern in all
resources. Consequently, there is no assurance that the content is well structured. The definition
of wastewater treatment plant in DBpedia does not describe the concept at all. In fact, it is wrongly
ascribed to a disambiguation category and it redirects users to different types of wastewater
treatment. Nevertheless, it does not offer a proper definition of the plant itself The Spanish
version of Wikipedia has a good entry for its equivalent (estacién depuradora de aguas residuales),
but there is no link between them. The pseudocode of the different matching algorithms is shown
in Table 2.1.1.

Conclusions and future work

Even though Linked Data is conceived as a simple and efficient way for the integration of
heterogeneous information in the Web, making links is not a trivial task when it comes to set
correspondences between general and specialized knowledge concepts or concepts designated by
different linguistic variations. Different EcoLexicon’s features, such as, multilinguality, category
membership and semantic relations are useful data sets to ensure concept disambiguation and
an accurate string matching process.
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for each c:context in ecolexicon
for each t:theme_list in gemet
if context matching gemet(c, t) > context threshold
for each w:word in c
for each cp:concept in t
all_words = language_variants(w)
for each v:variant in all_words
v' = stem(v); cp' = stem(cp)
if str_compare(v', cp') > word_threshold
multi e = multilingual variants(v)
multi g = multilingual variants(cp)
if multingual compare(multi e, multi g) > multilingual threshold
result.add(pair(v, cp))
n_terms = narrower_terms(cp); t_terms = type of_ terms(v)
for each n:n_term in n_terms
for each t:t_term in t_terms
if narrower compare(n, t) > narrower_ threshold

result.add(pair(n, t))

for each c:context in ecolexicon
for each f:feature in geonames
if context_matching geonames(c, f) > context threshold
for each w:word in c
for each cp:concept in £
w' = stem(w); cp' = stem(cp)
if str_compare(v', cp') > word_threshold
result.add(pair(v, cp))
result.add(make_pairs(super(v), cp))
result.add(make_pairs(part_of(v), cp))

result.add(make_pairs(v, part_of(section_of(cp)))

for each w:word in ecolexicon
for each cp:concept in dbpedia
w' = stem(w); cp' = stem(cp)
if str_compare(v', cp') > word_threshold
multi e = multilingual variants(v)
multi g = multilingual variants(cp)
if multingual compare(multi_e, multi_g) > multilingual_ threshold
result.add(pair(v, cp))
related_instances = instances_of(context(v))
for each i:instance in related_instances
if look_for text(comment_ properties(cp), i) > text_ threshold

result.add(pair(v, 1))

Table 2.1.1: Pseudocode
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2.2 How to Create Databases of Civil Engineering Systematic
Activities

Introduction

Environmental management has become increasingly complex in recent decades, with higher
demands for consideration of multiple economic, environmental and ecological factors. The envi-
ronmental management industry has become increasingly sophisticated in the use of technology,
as more stakeholders become involved, better tools are developed, and requirements for openness
and accountability increase (Argent et al., 2009). Many complex environmental problems can
benefit from a multi-disciplinary analysis provided by integrated modeling and many researchers
indicate the need to solve increasingly complex real-world problems involving the environment
and its relationship to human systems and social and economic activities (Whelan et al., 2014).

During last decades there has been an overall shipping expansion with a significant con-
tribution to the worldwide economy. Recent data indicate that around 90% of world trade is
being carried by the international shipping industry (Puig et al., 2014). Port facilities have been
enlarged with multiple examples in many countries ((Ramos, 2014),(Lee et al., 2014)). For the
Spanish case, the main commercial ports renewed or built new infrastructures during the last 20
years and some of them are still under progress. In addition, countries with a high percentage of
coastline also develop a strong regional network of fishing ports or leisure harbors. This is the
case of the Spanish coast, where more than 200 ports (including commercial, fishing and leisure)
are distributed along its 7800 kms of coastline.

Although the growth of maritime transport contribute to the economic development of coastal
countries and to provide both direct and indirect employment to the region (Puig et al., 2014),
operations and activities at ports may also have adverse consequences on the environment. Many
examples have been analyzed in the bibliography (Donnelly et al., 2007), (Lee et al., 2014),
(Puig et al., 2014)) with most of them focusing on the water quality (Bedri et al., 2014), gas
emissions (L. Goldsworthy and B. Goldsworthy, 2015), air pollution (B. Lin and C.-Y. Lin, 2006)
and sediment contamination ((Hedge et al., 2009),(Guerra et al., 2009),(Casado-Martinez et
al., 2009)). Particular attention has also been focused to accidental or intentional spills from
moving ships since they can be a significant cause of marine pollution and a major source of
environmental risk (Mestres et al., 2010). As a result, many ports tried to develop system of
indicators for sustainable management ((Darbra et al., 2004), (Peris-Mora et al., 2005), (Donnelly
et al., 2007), (Puig et al., 2014)).

Among the different port operations, dredging is of primary importance to overcome the
siltation problem with sediments. They consist in removing sediments to maintain the water
depths and thus the ship traffic with the maximum safety and operational conditions. Their
annual worldwide volumes largely exceeds 600Mm3 every year (Zentar et al., 2009), although
growing and land reclamation in developing countries increases annual dredging volumes to
9000Mm3. In 2012 the turnover of the global dredging market was 11.3 billions € (data from
the International Association of Dredging Companies, http:/www.iadc.com). There are historical
evidences showing repeated dredging operations since the third century BC (Marriner and
Morhange, 2007) that highlights their importance.

(Darbra et al., 2009) published a study where a total of 26 European ports were interviewed
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to understand their requirements for environmental information. Despite the diversity amongst
European ports and their environmental performances, “dredging” and “dredging disposal® were
at the second and third positions of the top ten port environmental issues (Darbra et al., 2005).
Contemporary ports are required to operate in a more environmentally friendly manner due
to the increasing awareness and concerns of their stakeholders (Chang, 2013). Also, nowadays
many regulations such as the Water Framework Directive (2000/60/EC), the Priority Substances
Directive (Directive 2008/105/EC) on Environmental Quality Standards and the EU Marine
Strategy Framework Directive (2008/56/ EC) involve potential constraints on dredging projects
(Sheehan and Harrington, 2012). This is even more demanded for leisure harbors (marinas),
where being awarded with the Blue flag logo promote their development. Hence, common urgent
or regular dredging operations performed every year have to deal with the existing restrictions
and regulations (Wasserman et al., 2013).

Dredging activities frequently have a high environmental impact and economical costs (Ramos,
2014). The dredged sediment is generally polluted (Mamindy-Pajany et al., 2010) and should be
treated with caution. Awareness relies on the fact that contaminated sediments resuspension
may cause the release of otherwise precipitated material in inert chemical forms, and also because
of the effects of the hydrodynamics during dredging and in the disposal site (Wasserman et al.,
2013). Furthermore, the deepening of channels and construction of ports increases deposition
of fine-grained sediments and has as consequence an increase of maintenance dredging and
a local and instantaneous increase of suspended particle matter concentration in and around
the disposal site (Fettweis et al., 2010). The complexity of this problem was highlighted in the
results of the European Sediment Research Network EU funded project that covered many of
the problems derived from dredging. Despite of this complexity, recent studies are focusing on
the feasibility of producing manufactured topsoil (Sheehan et al., 2010) and other solutions from
dredge material to be used in civil engineering (Zentar et al., 2009). (Yozzo et al., 2004) also
analyzed the benefits of using the dredge material classified as unsuitable for open-ocean disposal
for other uses such as habitat creation.

The region of Andalusia (Southern Spain) has more than 40 ports distributed along the
1100 kms of coastline; the Regional Government directly managed 20 of them (Figure 2.2.1).
They are located both at the Atlantic or Mediterranean coast, and some of them are inside
estuaries. To conserve the maritime access to them frequent dredging operations are needed.
The investment in management dredging is excessive and many environmental impacts are
difficult to control. Hence, managers are demanding integral strategies where the benefits can
be optimized, the negative impacts minimized and the material re-utilized whenever is possible.
However, presently there are not enough processed data to make a diagnosis and analyze possible
strategies, as happens in other disciplines such as fishing (Watson et al., 2006), forests (Song,
2013) and soil mapping (Dewitte et al., 2012). Moreover, developing large databases and the
movement towards open-source databases is not straightforward (Magana et al., 2014).

This work provides value added in accounting literature given the scarcity of works dealing
with databases or systematic information on dredging activities that can be used to gain deeper
insight into management decisions. This can be due to the complexity of the documentation
involved in civil engineering projects that are frequently modified during the construction phase.
Also, the documentation changes between countries without standards that facilitate the analysis
of the information. The main objective of this work is to present the methodology that we
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developed to create a database of the dredging operations that have been done since 1993 by the
Spanish Andalusian Regional Government. Our methodology is straightforward applicable to
create similar databases of other civil engineering systematic activities. The database contains
more than 80 fields of information and has been implemented in PostgreSQL, using PostGIS
extension for spatial data, and therefore GIS integration. This database is free, public and
available for the scientific community and can be used to gain deeper insight into dredging
processes. This work also presents analyses that can be obtained using the collected data.

Study Area

The region of Andalusia (Southern Spain) has 1100kms of coastline. It is surrounded by the
Mediterranean Sea and by the Atlantic Ocean, being the Strait of Gibraltar the connection
between them (Figure 2.2.1). Atlantic Andalusian ports are located on Huelva, Sevilla and Cadiz
(partially) provinces, whereas the rest face to the Mediterranean Sea (Malaga, Granada and
Almeria provinces).

Presently, there are 53 ports along the coastline of Andalucia (Table 2.2.1), averaging 1 port
every 21 kms of coastline, and with 30% of them located inside estuaries, rivers and/or river
mouths. Their distribution between the Atlantic and the Mediterranean coasts is very similar
(47 — 53%, respectively), even though the length of the Mediterranean coast is significantly larger.
The morphological complexity of the Mediterranean coast, with many cliffs and a significant
proportion of rocky coast (Ortega-Sanchez et al., 2014), partially explains this behavior.

The main commercial operations take place at the 13 ports owned and operated by the
Spanish National Government, leaded by the Port of Algeciras located in the Strait of Gibraltar
(Figure 2.2.1). The rest are managed directly or indirectly (administrative concession system to a
company) by the Regional Government through a public agency called APPA (Agencia Piblica de
Puertos de Andalucia). These ports are mainly focused in providing leisure or fishing services.
APPA functions consist on the maintenance, reparation, facilities and infrastructure expansion
and integral management. Our study focuses on the analysis of the 20 ports that are directly
managed by the APPA and where at least one dredging operations has been done.

Methodology

This work is based on the compilation, organization and analysis of several fields of information
regarding the dredging operations that have been done by the APPA. We developed an easy-to-
follow methodology that can be applied to any other type of civil engineering systematic activities
(i.e. road maintenance). The resulting dataset was integrated in an open and public database
including its incorporation into GIS systems for further analysis. Other complementary data,
such as maritime climate information, was also compiled and included in the database.

Phases of the methodology

We have analyzed all the dredging operations that have been performed or are under project
phase since 1993 when APPA was created. The information of these operations is contained
in more than 90 paper-format projects and other documents that are stored in APPA’s offices.
A detailed review of every single operation was required because the type and content of the
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| PROVINCE AND NUMBERING OF PORTS ' PORT NAME/HARBOUR NAME | MANAGEMENT FUNCTION
HUELVA LEI FISHIN OMMERCIAL
1 Sanllcar de Guadiana APPAD X
2 Ayamonte APPAD X X
3 Isla Cristina APPAD X X
4 Isla Canela APPA | X
5 ElTerrén APPAD X X
6 ElRompido APPAD X refuge
7 Marina de Nuevo Portil APPA | X
8 Punta Umbria APPAD X X
9 Huelva PE X X X
10 Mazagén APPA D X
[ SEVILLA |
11 Sevilla PE X X
12 Gelves APPA | X
| CADIZ |
13 Pesquero de Bonanza APPA D X
14 Chipiona APPAD X X
15 Rota APPAD X X
16 Sherry PE X
17 La Cabezuela PE X
18 Santa Maria PE X X X
19 América APPAD X
20 Cadiz PE X X X
21 de Gallineras APPAD X
22 Sancti Petri APPAD X refuge
23 Conil APPAD X X
24 Barbate APPAD X X X
25 Tarifa PE X X
26 Algeciras PE X X X
27 La Alcaidesa (Linea de la Concepcion) | PE X
28 LaAtunara APPAD X
29 Sotogrande APPA | X
| MALAGA
30 LaDuquesa APPA | X
31 Estepona APPAD X X
32 José Banus APPA | X
33 Deportivo de Marbella APPA | X
34 Marina la Bajadilla APPA| X X
35 Cabopino APPA | X
36 Fuengirola APPAD X X
37 Benalmadena APPA | X
38 Malaga PE X X X
39 El Candado APPA | X
40 Caleta de Vélez APPAD X X
| GRANADA
41 Punta de la Mona APPA | X
42 Puerto de Motril PE X X X
| ALMERIA
43 Adra APPA D X X
44 Almerimar APPA | X
45 Roquetas de Mar APPAD X X
46 Aguadulce APPA | X
47 Almeria PE X X X
48 San José APPA| X
49 Comercial de Carboneras PE X
50 Pesquero de Carboneras APPAD X X
51 Garrucha APPAD X X X
52 Villaricos la Esperanza APPAD X X
53 Villaricos la Balsa APPAD X X

37

Table 2.2.1: Name, ownership and function of the Andalusian ports. Ports managed by the
National Government or by the Andalusian Regional Government (directly or indirectly) are
denoted as PE, APPA-D and APPA-I, respectively. Numbering is in correspondence with the
information included in Figure 2.2.1
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Figure 2.2.1: Study area and location of the ports managed by the Andalusian Regional Govern-
ment studied in this work. The numbers associated with each port are in correspondence with
the information included in Table 2.2.1

documentation vary and change over time due to the increasing technical demands, stricter
security measures, technological advances and legislative amendments.

Overall, in our case every dredging activity consists of two main documents, in a similar
manner to many other civil engineering activities: (1) a basic design project with the technical
detailed information and a corresponding budget, and (2) a construction project containing the
revised (constructed) technical information and a lower budget. The decrease in the budget
was due to the public procurement system: besides the technical aspects, the lower cost offer
is generally selected. Furthermore, although ideally the initial construction budget and the
liquidation budget (when the dredging is completed) should be very similar, the truth is that the
second frequently increases due to substantial unexpected modifications. Hence, new documents
frequently enlarged the documentation of a given project.

To unify, clarify, simplify and collect the information in a unique and interchangeable way, we
developed a strict methodology to ensure the consistency of the results (Figure 2.2.2).

The procedure of the methodology (Figure 2.2.2) is as follows:
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PHASE 1: Collection
of operations

Operations search
(Agency staff)

Classification by
locations (ports)

PHASE 2: Organization of

documentation

Original design project
(consulting information)

PHASE 3: Analysis of two selected
operations to design the table

Final construction project
(constructor information)

Selection of variables
Fillin
Units and magnitudes
1

| Types of variables: grouping |
Table design

—— PHASE 4: Complete the final table —»

General information

Consulting information

Constructor information

Material

Other specific data

Location Measuring before work Measuring after work Study of materials
Latitude Expected geometry Performed geometry Company

Longitude Expected machinery Used machinery Date

id project Expected duration Real duration Laboratory

Project name Tender budget Adjudication budget Material

Drafting project date Liquidation budget (real cost) Sampling equipment

Completion works date
Settlement contract date
Project reason

Classification

Use of material

Administrative Final use

procedure Destination of material

Climate during works Transport and dumping
equipment

— PHASE 5: Incorporation into a database — PHASE 6: GIS Integration

PostgreSQL *

PostGIS
patial attribute:

Figure 2.2.2: General scheme of the developed methodology to create databases from systematic
civil engineering activities

® Phase 1: Collection of operations. Firstly, the Organism in charge of the management of
the operations is contacted to collect all the information. Then, the provided information is
classified by locations (in our case ports).

* Phase 2: Organization of the documentation. For every location, the information is organized
in two groups: the consulting (associated to the initial design project of the activity) and the
constructor information (associated to the final construction project and executed works).
Although ideally both projects should be similar, frequently they significantly differ.

* Phase 3: Analysis of two selected operations to design the guideline table. Two specific
activities are selected as examples and benchmarks to analyze the data that will be collected
and included in the database. They should be relevant operations that contain the main
fields of information; the advice of the Organism staff becomes fundamental for this task.
Then, the main variables characterizing the activity are selected including their units
and orders of magnitude. Next, those variables are grouped and organized into a first
Table 2.2.design to easily collect the information. The following step consists on completing
the Table 2.2.for the two selected activities and reviewing the results with the rest of the
member of the working team. If necessary, the Table 2.2.is redesigned and the procedure
repeated until a final Table 2.2.and set of variables are achieved.

® Phase 4: Complete the final table. This step consists on collecting the data for all the
interventions to complete the table. Although the variables that we included in Figure
2.2.2 are in common with many other civil engineering systematic activities, there could
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be other specific or complementary data that should be collected for further analysis of
the information and that specifically depends on the type of activity; in this work, this
information is the maritime climate that will be described in subsection 3.3. The variables
highlighted in color appear both at the consulting information and constructor information;
thus, they provide the basis for further comparison and the development of management
strategies. Periodic revisions by the working team are necessary to avoid inconsistencies
during this step.

* Phases 5 and 6: Incorporation into a database and GIS integration. When the information
is collected, the final steps consist on the incorporation into a database and the integration
into a GIS. They will be further described in the next section.

The time to revise and compile all the information (Phases 1-4) mainly depends on the number
of operations and variables, and the format of the information. The development of the database
of this work took 5 months; during this time weekly meetings were done to revise the progress of
the tasks and to update the methodology. Also, the APPA staff provides a strong support during
this time.

Development of the database and GIS integration

The object-relational database PostgreSQL was selected to storage the information. This database
management system exhibits several noTable 2.2.features. PostgreSQL can handle spatial
attributes such as points, polygons or lines by using the PostGIS extension that makes it possible
to undertake spatial queries to the database (Carrera-Hernandez, 2008). In addition, it can
be easily linked to the statistical language R (R Development Core Team, 2005) that provides
libraries for statistical analysis. Another advantage of PostgreSQL is that it can be linked to the
open source GIS Quantum GIS (QGIS) which provides tools for raster, vector and point analysis
as well as tools for image processing.

In the present work, the data were incorporated into a PostgreSQL database with the PostGIS
spatial extension (Zhang & Yi, 2010). The structure of the database is shown in Figure 2.2.3.
QGIS conveniently integrates these representational models and was used to depict the data and
develop the different types of maps (QGIS Development Team, 2009). Digital geodatabases allow
the accumulation of vast amounts of information that can be readily accessed with simple tools
and applied in many fields of applied geography (Jadppinen, Toivonen & Salonen, 2013; McCool,
2014; Rozenstein & Karnieli, 2011).

Some of these tools have been apply successfully in a previous project (Magana et al., 2014).
This project presents a public, open database with a total of 294 sites showing shoreline un-
dulations identified using Google Earth Imagery along 50,000 km of Western European and
Northwestern African coasts. This is significant, because one of the main objectives of this work
is to present a methodology employed to develop decision support database for dredging activities,
providing a framework that can be applied to any other activities. Besides, this framework should
be accessed using software freely available, and open source where possible.
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APPA_O

1D ilager
1D_BASE integer

COD_APPA character varying255)
NCMBRE fext

CM intager

REDACCION_INI cate
FECHA_AEPLANTED date
FECHA_FIN_CBRA date
FECHA_LIQUIDACION cate
CONSTRUCTORA characiar var
COTA_MAX_DRAG_SO ol

APPA_TALUD
1D intager
I0_BASE
H double pracision
W integer
COMENTARIQ character varyng(255)

APPA_BASE

I mteger

COTA_MAX_DRAG_REF_SO characier va

COMENTARIC_GENERAL text

COTA_MAX_DAAG_COMENT_SO text

SUPERFICIE double precision

MAC_EMPLEADA text

DURACION_MESES_SO double precision
COEF_ADJUDICACION double precision
COEF_BAJA double precision
PPTO_ADJUDICACION_SIVA double pracsion

| CERO_PTO_REF charactar

MEDIDO_SP integer
CERO_PTO_COTA dousle arecisicn
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Figure 2.2.3: Relational diagram

Complementary data: maritime climate

Since the dynamics of coastal sediments depends on the maritime climate, we collected wave,
wind and tidal data for further analysis. Puertos del Estado (Ministry of Public Works, Spanish
Government) has developed one of the most complete worldwide measurement networks for
oceanographic and meteorological variables. It includes real time measurements through the
most advance instruments such as radar or deep-water buoys, historical data and also simulations
and predictions provided by numerical models calibrated and validated for the Spanish coast.

Information can be requested at www.puertos.es.

For our study we have selected a set of nine SIMAR points for wave and wind data, and four
tidal gauges for sea level (Figure 2.2.1). SIMAR dataset contains daily forecast wave (WAM
wave model) and wind data (high-resolution limited-area model, HIRLAM) collected since 1958
and consists of spectral wave height, spectral peak period, mean wave direction, wind velocity
and wind direction every 3 h. Complementary information regarding the wave energy flux was
obtained from C3E (2014). This information was used to analyze the wave climate and define the
predominant forcing conditions, and to establish correlations with the dredging operations.
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Results

A total of 70 dredging operations were performed by the APPA from 1993 to 2014. The information
included in the global database and the stored geographical information is offered as a PostGIS
layer for the scientific community. Although the information is freely available, registration is
required for statistical purposes only (http:/gdfa.ugr. es/dredging_data).

Following the procedure described in the methodology and after the analysis of some selected
projects, a total of 87 terms were defined to concentrate and coordinate the most relevant
information provided by each dredging project (Table 2.2.2). Although many of these fields are
in common to many other civil engineering systematic activities, some of them may change (i.e.
geometrical parameters). Establishing the range of values for each field was proven to be a nice
quality control mechanism.

Because information is well-structured and organized in the database, it is possible to
query about data using a query language, such as SQL. It allows obtaining a sub group of the
information that fits certain criteria. Indeed, data can be gathered and expressed in a summary
form for analysis purposes. Thus, the processed information can be used to build trends in data
or discover patterns within data.

In the following sections we present some analysis of the information contained in the
database to exhibit its potential.

Global analysis

The majority of the interventions were done at the Atlantic ports (43, 61%), whereas the rest
corresponds to the Mediterranean’s (27, 39%). The port with the highest number of interventions
(11) was Conil de la Frontera, followed by Estepona (7). 48% of the interventions are concentrated
only on 5 ports (Conil, Barbate, Estepona, Marbella and Fuengirola), whereas at the rest very
few operations were done. Focusing on the interventions by provinces, Cadiz exhibits the major
problems with at least 2 interventions at each port.

Figures 2.2.4 and 2.2.5 relate the number of interventions with the average wave energy flux
and Hig, respectively. These variables represent the severity of the mean wave climate. Cadiz
province is exposed to the highest wave energy fluxes, whereas the lower values are attained
at Granada and Almeria; similar results are obtained for the wave height. Results indicate the
existence of a clear trend between the severity of the wave climate and the number of dredging
operations: ports exhibiting the higher number of interventions (i.e. Conil and Estepona) are
subjected to more energetic waves, whereas the lower number of interventions are attained at
low wave energy ports (i.e. Adra and Roquetas de Mar). Although other variables such as the
mobility of the sediment fractions are also fundamental to explain the volumes and frequency
of the dredging activities, wave climate is playing a key role in the dynamics of the Andalusian
ports.

The purpose of the dredging activities was to guarantee the safety access to the ports and to
return the bathymetries to their original designs. A total of 38% of the dredging works can be
classified as regular maintenance operations, whereas 62% corresponds to urgent interventions.
The latest generally took place after significant storms that mobilized a remarkable amount of
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TERM UNITS RANGE
General information
Location (city, village) Nominal -
Latitude Coordinates 36.189958-37.22505
Longitude Coordinates -1.899244-7.411683°
Harbor name Nominal -
id project - -
Project name Nominal -
Drafting project date - 1993-2014
Start works date - 1993-2011
End works date - 1993-2011
Settlement of the contract date - 1994-2012
Project purpose Nominal -
Administrative procedure Nominal -
Machinery (used) Nominal -
Duration of the work (real duration) Months 112
] Geomet&
Dredging area m?2 1900-6937672
Reference level - -
Gradient of the slope (H-V) - 0:1-10:1
Consulting information
Consultancy firm Nominal -
Machinery (suggested) Nominal -
Expected duration Months 0,25-12
Company Nominal -
Date - 1992-2013
Time zone - 29-30
Projection system - -
| Geometry
Expected maximum dredging depth BMVE -2,5/-10
Expected dredging volume m? 3000-924359,05
Expected extra dredging volume m 1318,68-45000
| Budget
Material execution budget € 7954,46-6053158,45
Overhead cost % 13
Industrial profit % 6
Tender budget (before VAT) € 9465,80-23093074,08
VAT % 15-21
Tender budget € 10980,33-8355779,93
Constructor information
Construction company Nominal -
Machinery used Nominal -
Expected duration Months 0,25-19
| Bathimet& after works
Company/enterprise Nominal -
Date - 1993-2013
Time zone - 29-30
Projection system - -
| Geomet&
Maximum dredging depth BMVE -2,51-10
| Modifications
Geometry and dredging level modifications Nominal -
Real dredging volume m 5040-299328,03
| Budéet
Material execution budget after modifications € 139916,61-2272680
Allocation coefficient - 0,58-1
Reduce of tender % 0-100
Adjudication budget (before VAT) € 9015,18-5491869,50
VAT % 15-21
Adjudication budget € 10457,61-6370568,62
Budget increase € 0-41784,25
Adjudication budget (total) € 10457,61-6370568,62
| Final cost
Liquidation material execution budget € 7434,77-2501556,40
Overhead cost % 13
Industrial profit % 6
Liquidation budget (before VAT) € 8426,19-2051014,25
VAT % 15-21
Liquidation budget € 9774,38-2420196,82
Materi
als
| Sediment samples
Company Nominal -
Date - 1993-2013
Laboratory Nominal -
Material Nominal -
Sampling equipment Nominal -
Sampling depth Nominal -
Granulometry Nominal -
Classification - I-l1-11*
Volume according to the classification m -
Uses of dredged
material
Final use Nominal -

Table 2.2.2: Detailed information included in the dredging database obtained following the
methodological procedure summarized in Figure 2.2.2. Maritime climate variables were included
at the end of the table
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sediment. Overall, the dredging depths were lower (below 10m) for all the interventions.

Figure 2.2.6 depicts the monthly averaged dredging volume (ADVm) at every port. This
parameter represents the monthly dredging efficiency calculated as the ratio between the real
dredging volume and the real duration of the activities: the higher the parameter at a given
port, the more efficient the dredging operations. Ports at Cadiz and Huelva provinces exhibit the
greatest efficiency, even though the wave climate frequently limits dredging works during many
days of the year. This can be due to the lower sediment size and less cohesive material. In fact,
when this efficiency is evaluated for the Atlantic (23,000 m3/month) and Mediterranean ports
(13,000 m®/month), this trend is clearly remarkable. Also, efficiency at Mediterranean ports is
in general more homogenous (2,200 m?/month in Roquetas-17,500m?3/month in Marbella) than
at the Atlantic side (6,000m3/month in El Terrén-43,000 m®/month in Rota). One factor than
partially explains this behavior is that many Atlantic ports (70%) are located inside estuaries or
river mouths, whereas at the Mediterranean side coastal ports are predominant.

Volumes and costs

The total amount of sediment mobilized during the 70 interventions is 5,847,593.81 m? that
gives an average of 83,537 m® per intervention. The maximum total volume was dredged at
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Figure 2.2.5: Relation between the number of interventions and His (m)

Conil (1,536,380 m3-26%) followed by Punta Umbria (874,590 m3-15%), whereas the minimum
was dredged in Roquetas de Mar (19,440 m3- <1%). In average, 2008 was the year in which
more volume was dredged (1,160,771.633 m?). This increase was primarily due to a dredging
intervention in Conil (928,033.10 m3-80%) to reach a deeper bathymetry than usual (-10m).

Figure 2.2.7 depicts the averaged dredging volume (ADVi) per intervention at every port cal-
culated as the ratio between the real dredging volume and the number of interventions. Huelva’s
values are significantly higher than those for the rest of provinces, with El Rompido exhibiting
the maximum value (196,625.9 m?)by intervention, followed by Punta Umbria (174,917.58 m?),
Ayamonte (162316.4 m?) and Mazagon (152,655.10 m?). On the contrary, Roquetas de Mar
(19,440 m?®) and Marbella (32,327.99 m?) have the minimum values. Comparing the Atlantic
and Mediterranean ports, the values of ADVi are significantly higher at the former (especially
for Huelva’s ports), whereas at the later those values are lower but more uniform. In general,
the amount of sediment mobilized at the Atlantic side is greater, that allow us to conclude that
regarding the volumes, attention should focus on improving the management of these ports.

Regarding the costs of the activities, the total inversion was 39,420,534.10 €. The highest
inversion was in Conil (5,397,481.85 €-14%) followed by Punta Umbria (4,558,214.14 €-11%)
and the lowest was in Caleta de Velez (448,260.66 €-1%). The largest expenditure in dredging
interventions was in 2011, 8,136,443.09 € (20% of the total). This can be related to the number
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of interventions since many of them started in 2010 (10) but the payment was made during 2011.
This total amount destined for dredging interventions is relevant considering the small size of
the ports and that all of these interventions were only for maintenance purposes.

Figure 2.2.8 shows the averaged liquidation budget (ALBi) per intervention at every port
calculated as the ratio between the liquidation budget and the number of interventions. El
Rompido represents the highest value (2,238,577.42 €) followed by Roquetas de Mar (1,525,133.01
€). In both cases costs are increased due to particular situations: E1 Rompido is located in an
environmental protected area that slows down the works. On the other side, Roquetas de Mar has
a particular problem with the final destination of dredged material for environmental reasons.
By contrast, Fuengirola is the port that shows the lowest value (168,494.60 €). From an economic
point of view, results indicate that attention should focus on improving the management of
Atlantic ports, which is in agreement with the volumes results. However, the remarkable high
ALBIi value at Roquetas de Mar (Figure 2.2.8) leads to the necessity of deeper analysis of the
dredging activities at this port.

The average cost of dredging 1m? of material was calculated as the ratio between liquidation
budget and dredging volume in each port (Figure 2.2.9). Roquetas de Mar results by far in the
largest value (78.45 €) because material treatments are often necessary before final destination.
The second highest value is found at El Terron (18.21 €), whereas the minimum value is obtained
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Figure 2.2.7: Average dredging volume (ADVi, m?) per intervention

in Conil (3.51 €). From a global perspective, while dredging volumes and costs by intervention
(Figures 2.2.7 and 2.2.8) are higher in the Atlantic watershed, the mean cost of dredging 1 m?®
is lower (Atlantic - 6.28 €/m® vs Mediterranean - 8.28€/m?). The analysis of the information
contained in the database shows the complexity of the management of these types of periodic
activities.

Dredged material

One of the major economic engines of Andalusia’s region is the tourist sector, and thus the quality
of the beaches is a priority in coastal municipalities. Increasing erosion problems during last
years can reduce the impact of this activity. The tendency over the years has been trying to
harness the dredging material with appropriate quality for regenerating beaches. During the
1990s, reusing the dredging material was practically non-existing; in contrast, in the 90% of
the operations carried out during the last five years dredging material was reused to replenish
nearby beaches. Furthermore, in 95% of the interventions, the quality of the dredging material is
suitable to regenerate beaches (Figure 2.2.10). One factor that is forcing the Administration to
reutilize this material is the situation of the global economy, and the reduction in the budget for
beach restoration.

Current local regulations are permissive enough to allow regeneration of beaches, except
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Figure 2.2.8: Average liquidation budget (ALBi, €) per intervention

where other restrictions apply. This is the case of Carboneras, which is located in a protected
area and dumping at both sea and beach regeneration is strongly restricted. Also, materials
have to cover long distances because to avoid protected areas. For other cases the materials are
sometimes subject to special treatments. This applies to Roquetas de Mar, where material needs
to be dried before dumping. In general, all these factors significantly increase the cost of the
interventions at those sites (Figure 2.2.9).

Overall tendency of the Andalusian Ports

The number of interventions per year (Figure 2.2.11) does not exhibit a clear trend. Except in
1997, in the rest of the years at least one intervention was done, with average yearly values
around 3 being the maximum in 2010 with 10 interventions. The sedimentation occurring in
ports are generally quite a constant process unless any major intervention is done, and hence
systematic interventions are expected to be quite regular. The variability of this number of
interventions is generally due to economic reasons and management decisions (i.e. urgent
interventions), and not mainly based on physical (sediment deposition rates) reasons.

Figure 2.2.12 shows the dredging expenditure per year. These data corresponds to the
database information but transformed to real prices. 2011 was the year with the higher expendi-
tures in interventions, whereas 2002 was the lower. The trend in this case indicates a progressive
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increase in the amount expend in dredging interventions, with fluctuations associated both to
the number of interventions and to global economic reasons. The sudden reduction in 2013 is due
to the decrease in the volumes mobilized in the interventions (mainly due to economic reasons).
Nevertheless, what can be extracted from the results considering how the environmental vari-
ables will evolve is that dredging problems will maintain (and even increase) in the upcoming
years.
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Punta Umbria (Huelva): an Example of the Database Potential

Punta Umbria is located inside the River Piedras estuary (Figure 2.2.1, port number 8), facing
to the Gulf of Cadiz. Two ports managed by the APPA are located inside the estuary, at a
distance of 2kms from the mouth of the estuary. Since the late 50’s many new industrial and
touristic activities developed in the surrounding area, with the consequent occupation of natural
landscapes and the alteration of the natural behavior of the ecosystem. The result is a reduction
in the magnitude of the natural agents with capacity to maintain the morphology at the entrance
of the estuary. Hence, during last decades there has been a progressive increase in the magnitude
and frequency of the sedimentations at the mouth of the estuary. This ongoing tendency of
infilling estuaries is common in the Atlantic Southern Spanish coast.

To maintain the navigation channel and guarantee safety conditions periodic and urgent
dredging’s are necessary. According to the information of the database, 4 interventions have
been done in the period 2004-2014 with a total cost of 4,558,214.14€. The volume of sediment
mobilized at Punta Umbria is the second highest of Andalucia (874,587.92 m?), representing 15%
of the total volume dredged in Andalucia since 1993, only surpassed by Conil (26%).

Comparing with the other Andalusian ports with a significant number of interventions, the
average price of dredging 1m? in Punta Umbria is 10.4€, one of the highest average prices
(Figure 2.2.13-a) which provides an average magnitude per intervention of 1,140,000€ (Figure
2.2.8). Also, results indicate that the average price in Punta Umbria was similar at different
interventions with values between 8.88-11.03 €/m3. However, for other sites such as Conil
deviations are significantly higher.

Figure 2.2.13-b shows liquidation budgets of the interventions at the main ports. Punta
Umbria is one of the ports where more budgets were destined for dredging interventions and
the costs of every intervention were higher than in others. In this case there are very noTable
2.2.differences between the budgets of the different interventions in Punta Umbria: the deviations
are in average in the middle of the main ports, whereas significantly higher than for the results
depict in Figure 2.2.13-a.

One of the main problems in Punta Umbria is the am<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>