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ABSTRACT

This thesis is an initiative resulting from a national research project in collaboration
with a research center in Romania -GeoEcoMar-.

Hard works (groins, detached breakwaters) induce steady hydrodynamic behaviours
that can lead to local problems such as erosive gradients. These hindrances may be
exacerbated at urban areas due to climate change and population pressure. Submerged
vegetation -seagrass- may be a cost-e�ective solution for damping hydrodynamic forc-
ings, plus alleviating some of the hard work drawbacks. The aim of this project is
to evaluate the feasibility of submerged vegetation for attenuating wave energy at an
urban Romanian beach, more precisely in the Mangalia-Saturn seashore. Such analysis
is conducted with numerical modelling using SWAN.

The results indicate a reduction of the wave height between 8-4% in the moderate
energy waves and a 3.5-2.1% in the low energy ones. This is a signi�cant reduction of
wave height and again is another evidence of its viability.

Overall, although the results are positive, grey solutions are still ahead in its per-
formance in a more controlled and stable results. Being this green measures a feasible
solution in areas where the quantity of wave height to reduce is in the order of moderate
to low.

Aquest Treball de Final de Grau s’emmarca en un projecte nacional de recerca en
col�laboraci�o amb un centre d’investigaci�o a Romania -GeoEcoMar-.

Estructures mar��times (espigons, dics exempts) indueixen comportaments hidrodin�a-
mics regulars que poden provocar problemes locals com gradients erosius. Aquestes
di�cultats poden ser agreujades en �arees urbanes degut al canvi clim�atic i a la pressi�o
indu��da per la poblaci�o. La introducci�o de vegetaci�o submergida -prades marines- po-
den resultar en una soluci�o cost-efectiva per esmorteir aquestes hidrodin�amiques men-
tre, a la vegada, eliminen moltes de les desaventatges de la construcci�o d’estructures
mar��times. L’objectiu d’aquest projecte es avaluar l’efectivitat de la vegetaci�o sub-
mergida en relaci�o a la atenuaci�o de l’energia d’onatge en una platja rumana, concreta-
ment a la costa de Mangalia-Saturn. Aquest an�alisi s’ha realitzat utilitzant un model
num�eric amb el programari SWAN.

Els resultats obtinguts indiquen una reducci�o de l’altura d’ona d’entre un 8-4% en
les onades d’energia moderada i d’un 3.5-2.1% en les onades de baixa energia. Aquesta
es una signi�cant reducci�o i una altra proba de la viabilitat d’aquesta green measure.

En resum, podem concloure que a pesar d’obtenir uns resultats positius, les solu-
cions tradicionals estan encara per sobre en quan el seu rendiment donant resultats
m�es estables i controlats. Sent aquestes green measures viables a zones on la quantitat
de reducci�o d’altura d’ona sigui moderada-baixa.



Aceasta teza a fost realizata in urma unei colaborari cu un institut de cercetare din
Romania -GeoEcoMar-.

Lucrarile de protectie costiera (epiuri, diguri sparge-val) induc modi�cari ale regimu-
lui hidrodinamic, care pot genera procese locale de eroziune. Astfel de fenomene pot �
accentuate in zone urbane datorita schimbarilor climatice si presiunilor antropice. Veg-
etatia submersa, in cazul de fata iarba de mare, poate reprezenta o solutie rentabila
pentru atenuarea valurilor, �ind astfel eliminate anumite dezavantaje aferente struc-
turilor costiere. Scopul acestui proiect este evaluarea impactului vegetatiei submerse
pentru atenuarea energiei valurilor pentru o plaja urbana de pe coasta Romaniei, in-
tre statiunile Saturn. Analiza a fost realizata prin modelare numerica, cu modelul de
distributie a valurilor SWAN.

Rezultatele indica o reducere de 8-4% a valurilor de energie moderata si de 3.5-2.1%
a valurilor de energie redusa. Aceasta reprezinta o reducere semni�cativa a inaltimii
valurilor, ceea ce arata ca solutia respectiva este viabila.

In concluzie, desi rezultatele obtinute sunt pozitive, solutiile \gri" sunt in continuare
mai performante si dau rezultate mai stabile si mai usor de controlat.

Este Trabajo de Final de Grado se enmarca en un proyecto nacional de recerca en
colaboraci�on con un centro de investigaci�on en Rumania -GeoEcoMar-.

Estructuras mar��timas (espigones, diques exentos) inducen comportamientos hidro-
din�amicos regulares que pueden provocar problemas locales como gradientes erosivos.
Estas di�cultades pueden ser agravadas en �areas urbanas debido al cambio clim�atico
y a la presi�on inducida por la poblaci�on. La introducci�on de vegetaci�on sumergida
-praderas marinas- puede resultar en una soluci�on coste-efectiva para reducir estas
hidrodin�amicas, a la vez que eliminan muchas de las desventajas de la construcci�on
de estructuras mar��timas. El objetivo de este proyecto es evaluar la efectividad de la
vegetaci�on sumergida en relaci�on a la atenuaci�on de la energ��a de oleaje en una playa de
Rumania, concretamente en la costa de Mangalia-Saturn. Este an�alisis se ha realizado
usando un modelo num�erico utilizando SWAN.

Los resultados obtenidos indican una reducci�on de la altura de ola de entre un 8-4%
en el oleaje de energ��a moderada y de un 3.5-2.1% en el de baja energ��a. Esta es una
reducci�on de la altura de ola signi�cante y otra prueba de la viabilidad de esta green
measure.

En resumen, podemos concluir que a pesar de obtener resultados positivos, las solu-
ciones tradicionales est�an aun por encima en cuanto a rendimiento, dando resultados
m�as estables y controlados. Siendo estas green solutions viables en lugares d�onde la
cantidad de reducci�on de la altura del oleaje sea moderada-baja.

Key words : green measures, seagrass, submerged vegetation, Zostera noltei, wave
height, wave attenuation, SWAN, Romania
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Environmental friendly measures to protect the Romanian coast

1 Introduction

1.1 Motivation

There has been an increasing preoccupation for the environment since the develop-
ment of the global industrialization. But until the 90's there were no actions in order
to minimize and stop this damage to the Earth. United Nations members adopted on
1st January 2016 a set of goals to encourage governments and organizations to eradicate
poverty around the world and achieve a sustainable development from the economic,
social and environmental perspectives. When one thinks about a sustainable environ-
mental development the principal actions that one can think of are minimizing the
burn of fuels, producing less waist in the industry, all climate change related actions,
recycling, creating more e�cient products, driving electric cars, etc. Nevertheless as a
transversal concept it involves a lot more actions or decisions.

The decision that it has been studied on this thesis is about sea protection, analyzing
if a similar result to what is obtained by constructing some structures in the sea can
be achieved using green protection measures. The construction of structures in the
seashore like detached breakwaters, ports, arti�cial reefs, etc. can produce a lot of
stress to the environment. Construction works itself, sand re�ll, change in the sediment
transport scheme, ecological harm to the coast, ecosystem alteration and many more
are e�ects that go against the environment.

In particular, it has been studied the e�ciency of wave height reduction with a
�eld of seagrass planted near an speci�c place in the coast of Romania. With this
information the decision-makers could evaluate the necessity of an arti�cial structure
to protect the coast, like an arti�cial reef, or if it is enough to try a more green solution
that will not only preserve, even improve the environmental value of the seashore as
the one studied in this project.

In a more personal note, the decision of taking part of this thesis can not be explained
without knowing some of my background. Since I started my studies that I am culmi-
nating now with this thesis, I have been passionate about all human made structures in
the coast. Knowing more about ports, marinas and breakwaters was one of the reasons
I wanted to study Civil Engineering. But I was not really aware of all collateral damage
these structures can produce and how they alter the ecosystems created million years
ago by the nature. Luckily some subjects like Construction Management, Environ-
mental Engineering and Maritime and Port Engineering helped me with that, being
now a more environmentally aware person. The idea of implementing the scienti�c
concepts used for the construction of this structures to investigate and develop green
measures that achieve the same objectives without any ecological challenge was very
exciting. Moreover, meeting my Romanian tutor, Irina, and having the opportunity to
stay some days on location -in GeoEcoMar- achieving a greater knowledge of the place
and taking part of an international project was and invaluable motivator for me.
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Figure 1: Fois, orul de Foc, an important landmark in Bucharest near GeoEcoMar. Source:
Self-made.

1.2 Objectives

The main objective of this thesis is to evaluate, using a numerical model, how the wave
height in the coast of Mangalia-Saturn is reduced planting Zoostera Noltei seagrass in
the seashore.

In order to achieve this main goal it has to be completed the next list of subtasks.

1. De�ning the bathymetry of the study area and modelling it, using the data to
draw it and a speci�c software to format, so it can be used properly in the
numerical wave analysis.

2. De�ning the wave climate using the data from the ECMWF -European Centre for
Medium-Range Weather Forecasts- and calculating all mean wave level (without
extremal cases -storms-) for each direction used.

3. Design of the wave model distribution and the vegetation mask that is going to
be evaluated.

4. Using SWAN to calculate and calibrate the actual wave conditions.

5. Using SWAN to calculate how the wave conditions di�er from the previous ones
with the vegetation in the seashore.

6. Evaluate the di�erence of wave conditions in each case and the e�ectiveness of
the use of vegetation.

12
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1.3 Outline of the minor thesis

To �rst contextualize the framework of this project it has been explained the state-
of-the-art. It is divided in sections according to the topic. Some of the references
introduced in the topics can fall in between two or more of them, but distributing
them this way is easier to �nd useful information if someone is interested to go deeply
into only one of the topics.

The next section 'methods' explain in a very speci�c manner which were the steps
and the overall theory of the project. It is also divided in the main three steps done
in the project, ordered chronologically as they have been made. In each subsection
there is explained the theory and science behind each topic and then the reproduction
of what has been performed.

On the study area one explains the real environment and background of the place
studied. It is not possible to extract valuable conclusions of the project without con-
textualizing it and getting to know which is the area of study. That is why there
is a more so called big picture subsection that contextualize some general Romanian
aspects, speci�cally related with its coast, and then there is more speci�c description
of the studied area and its wave climate to understand the place in a physical and also
more maritime related way.

The results is the most important section, where all the theory and work presented
in the previous sections lead to new information and knowledge. First are presented the
results extracted from the numerical model in the baseline (actual state) and vegetation
(introducing numerically a vegetation mask that represents planted Zoostra Noltei)
scenarios, after it there is the comparison between both cases to see more clearly the
di�erence of wave height between them.

Having the results presented, there is a section that talks about what can be seen
in them and which way they should be interpreted. This discussion leads to the next
section: Conclusions. In it one can �nd the �nal thoughts and points discovered in the
project.

Finally, there is a last section where is presented the next steps that should be done
in order to going more in deep, have more information or develop better the idea; and
tries to be a guideline for further investigation in the same direction.

2 State-of-the-art

2.1 Romanian Coast

One can �nd scienti�c literature of the Romanian coast since the early eighties. At
�rst, and still today, the most studied part of the coast has been the Danube Delta,
as it is a very important biosphere reserve for UNESCO and has a great relevance as
an ecosystem of high scienti�c and natural interest. Examples of studies about it are
Charlier and De Julio (1985), Gastescu (1983), and more recently Dan (2013).

Since the end of the Cold War and the opening of Romania to the world, that lead
to the country joining the European Union in 2007, Romania experienced a high eco-
nomic growth -even more during the 2000s-. This economic growth improved the living
standards and people, �rst from Romania itself and then tourists around the world,

13
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