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ABSTRACT
Ria de Aveiro is a remarkable estuarine lagoon located on the Northern coast of Portugal. Ria
de Aveiro is the “most extensive lagoon system in Portugal and one of the most dynamic in terms of
physical and biogeochemical processes”. The lagoon is divided from the Atlantic Ocean by a sand bar
and presents a very complex and variable landscape, due to its intense influence of tidal fluctuations
and coastal circulations. This particular character of the lagoon made Ria de Aveiro one of the most
remarkable ecosystems located in Europe, not only in size but also in biodiversity. The peculiar strong
marine influence supported the development and consolidation of a multitude of biotopes of great
ecological importance related to variety in water salinity patterns and gradients found in the lagoon. In
recent years, the lagoon is experiencing an intensification of the landscape dynamics, resulting into a
constantly growing risk of flooding in agricultural fields, natural areas and even in the historical centre of
Aveiro.
This Research - Through - Designing aimed to investigate the relation between the landscape
and the dynamics affecting the lagoon to reduce the impact and risk of flooding in Ria de Aveiro,
intended as a whole.
At first, it is presented an analysis of the landscape and its characteristics, arranged in Landscape
Units to understand how the different landscapes interact with each other and with the landscape
dynamics. Secondly, through the use of a hydrodynamic model developed by NMEC Lab in Aveiro, the
flood risk for 2100 has been predicted and compared with the Landscape Units to understand how it
would affect the areas identified within the lagoon. Three different approaches are discussed and tested
through the hydrodynamic model to assess the effectivity of the possible solutions towards the flood
risk in 2100; amongst these possible options, it has been chosen and developed the option which ensures
protection while at the same time gives opportunities for improving the quality of the landscape. The
revival of the disappearing landscapes of the lagoon is then presented in a design which aims to explore
and exploit the multitude possibilities that this unique landscape would offer.

KEYWORDS: Ria de Aveiro, flooding, tidal amplitude reduction, research – through – designing,
controlled reduced tide, tidal simulation, flood control area, water exchange.
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PART 1

12

RESEARCH
INTRODUCTION
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1.1 - INTRODUCTION

Landscapes and in particular coastal landscapes are amongst the most changing environments of the
world. The connection between land and water creates often unique locations which have been developed as
cities in which almost 50% or world population is living. Living close to the water could be however threatening,
especially because of possible storms and inundations which could be catastrophic.
For these reasons, when facing issues such as climate change and sea level rise, conscious interventions
have to be designed properly in order to ensure flood safety to people. In the last 30 years, temperatures and the
sea level increased drastically causing always more frequent extreme weather conditions, unusual droughts and
floods (Arkema et. al. 2013).

fig. 2 - Temperature difference between 1980 and 2018
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fig. 1 on previous page - Satellite image of Ria de
Aveiro Lagoon
(adapted from: https://www.google.nl/maps/)
fig. 2 - Temperature difference between 1980 and 2018
(adapted from: https://climate.copernicus.eu/climatebulletins)
fig. 3 - Panorama montage of a sunset
on a harbor
(own production)

1.2 - FASCINATION

The way the landscape changes dramatically from completely inundated areas to exposed land in just
a matter of hours and learning how to cope with these dynamics always fascinated me, so for my master thesis I
wanted to include these aspects within the research. This research has been an opportunity to understand these
aspects in order to propose a design which makes use and adapts to the constantly changing water conditions.
When searching for a suitable location within Europe, almost immediately I focused on Portugal,
even though it is not my native country, and its direct connection with the Atlantic ocean. Most of the biggest
cities of the country are located on the coast, such as Porto, Lisbon and Faro, and within its borders are located
several very peculiar areas which generated from the interaction between land and water.

fig. 3 - Panorama montage of a sunset on a harbor
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1.3 - STUDY AREA:
RIA DE AVEIRO
Ria de Aveiro is a remarkable estuarine lagoon located on the Northern coast of Portugal. Its position
is in the line that connects the two major cities of the Portuguese country, Oporto and Lisbon, specifically in
between the municipality of Espinho on the northern side and the municipality of Mira on the southern side.
According to several authors, Ria de Aveiro can be identified as an “estuarine lagoon”, which means a
“depressed coastal zone occupied by salt or brackish water, relatively shallow, separated from the sea by a sand
or gravel barrier, connected to the sea by one or more restricted inlets” (Dias, 2001; Granja, 1996; Lankford,
1977). An estuarine lagoon, moreover, presents interaction and interconnection between tidal fluctuations and
river discharges (Dias, 2001). It is important to underline that the term “Ria” usually is used for classification of
coastal areas, but its meaning in those terms does not match with the present state of Ria de Aveiro, that became
a name more than a classification term. During the Ria de Aveiro formation, there was a phase in which it had
the characteristics of a “Ria”, justifying the actual nomenclature. Then the term “Ria” will be treated as a name,
identifying the shallow area nearby the city of Aveiro as Ria de Aveiro, classified as an estuarine lagoon.

N
4 km

2 km
1 km
0

fig. 4 - Position of Ria de Aveiro in the European context
2

The surface of the municipality in which is present Ria de Aveiro is about 250 km , and comprehends
several cities and channels. According to Dias (2001, p. 24), Ria de Aveiro is the “most extensive lagoon system in
Portugal and one of the most dynamic in terms of physical and biogeochemical processes”. The lagoon is divided
from the Atlantic Ocean by a sand bar and presents a very complex and variable landscape, due to its intense
influence of tidal fluctuations and coastal circulations.
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3 km
3 km

6 km

10 km

fig. 5 - Schematic image of Ria de Aveiro Lagoon
fig. 4 - Position of Ria de Aveiro in the
European context
(own production)
fig. 5 - Schematic image of Ria de
Aveiro Lagoon
(own production)

The estuarine lagoon area extends maximum 8.5 km wide on east and a total maximum of 45 km length,
but it varies sometimes considerably due to tidal cycles that occur from the Atlantic Ocean. Ria de Aveiro is
described as an estuary in which “the physical dynamics are strongly influenced by the freshwater runoff and by
the adjacent open sea” (Duarte et al, 2001). In fact, due to natural processes occurring from the Atlantic Ocean,
2
the intertidal area occupies very different portions of the lagoon, extending from 64.9 km during low tides until
2
89.2 km during high tides.
This particular character of the lagoon made Ria de Aveiro one of the most remarkable ecosystems
located in Europe, not only in size but also in biodiversity (Moreira, 1993). The peculiar strong marine influence
supported the development and consolidation of a multitude of biotopes of great ecological importance related to
variety in water salinity patterns and gradients found in the lagoon.

fig. 7 - Aerial view of hinterland areas

fig. 8 - Aerial view of intertidal areas

All these habitats are occupied by various living communities that are strongly interconnected, forming
a complex (food) web holding a huge biological diversity. The concomitant presence of different communities
transformed the flooding area of the estuarine lagoon into a flourish area recognized even by UNESCO, becoming
an important stepping stone for migrating birds (LAGOONS, 2011).

N
4 km

2 km
1 km
0

1 km

3 km
3 km

6 km

10 km

The connection with the Ocean and the intertidal character of the lagoon stimulated the growth of
several urban outposts along the coastline. The most important urban settlement located in the lagoon is indeed
Aveiro, which is a municipality of about 80000 inhabitants, and it is, after the city of Coimbra, one of the most
populous urban settlements in Portugal. It is considered the “Venice of Portugal” due to its canal distribution
around the city and the particular type of boats that are used for transportation. It is a city with a very high quality
of life, according to a study about all the cities in Portugal, grading it one of the first. Aveiro has one of the most
important universities in Portugal, which attract students from every part of the world, and counts about 13000
students and researchers (LAGOONS, 2011).

fig. 6 - Satellite image of Ria de Aveiro Lagoon
fig. 6 - Satellite image of Ria de Aveiro Lagoon
(adapted from: https://www.google.nl/maps/)
fig. 7 - Aerial view of hinterland areas
(https://www.cm-estarreja.pt/caracterizacao)
fig. 8 - Aerial view of intertidal areas
(http://vagossensationgourmet.com/10-locais-visitar-vagos/)
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Due to these particularities, Aveiro attracts tourism from all over Portugal. They come not only for the
history of the city but also for the sea. The cities of Praia da Barra and Costa Nova, located nearby the historical
urban outpost and on the oceanic coastline, are well-known destinations attracting, especially in summer, millions
of visitors (Dias and Alves, 2013).
The urban settlement of Aveiro has been, since its foundation, a site presenting optimal conditions for
the production of salt through evaporation. The tidal character and the shallowness of the area made, along the
centuries, the estuarine lagoon critically important regarding this particular production. In fact, until 1960 there
were more than 550 salt production sites located in the intertidal portion of the lagoon.

fig. 9 - Salt production areas
From 1960 onwards, these production sites were gradually abandoned, and nowadays only 8 production
sites are left active, even though the salt of Aveiro is well-known and appreciated all over Portugal due to its
particular taste and texture. In recent times, however, due to the drop of value of salt occurred on 1960 the
economic importance of the commercial harbor located in Gafanha de Nazare’ increased considerably. Especially
in the last century, the intense commercial activity of the harbor increased its importance, becoming one of the
main transportation hubs of goods of Portugal. This is demonstrated by the dredging activity in the inlet channel
which allows bigger ships to reach the harbor.

fig. 10 - Sunset in Aveiro city canals

fig. 11 - Intertidal abandoned areas

fig. 12 - Intertidal salt marsh
fig. 9 - Salt production areas
(https://blogs.biomedcentral.com/
on-biology/wp-content/uploads/
sites/5/2013/01/Aveiro-2.jpg)
fig. 10 - Sunset in Aveiro city canals
(own production)
fig. 11 - Intertidal abandoned areas
(own production)
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1.4 - PROBLEM SETTING

The natural dynamics which influence the estuarine lagoon, besides being fundamental for the landscape
and for the inhabitants, generate also negative impacts. The proximity of important landscapes within the
intertidal area of the lagoon makes those areas susceptible to flooding, which especially in the last 30 years has
been an increasing threat. In fact, as shown in fig. 13, from 1990 onwards tidal fluctuations constantly increased
their amplitude, reaching a mean difference between high tide and low tide of 2.47 m on 2015 compared with the
value of 1.20 m on 1990, and modified their dominance, inducing stronger currents and consequently intensifying
the erosion and sedimentation processes in the lagoon’s channels (Dias, 2015).
This increase has been directly related with dredging activity that was performed in the inlet channel of
the lagoon during those years, aimed to increase the depth in order to allow bigger ships to reach the unloading
locations of the commercial harbor in Gafanha de Nazare’.

1908

1990

TIDAL AMPLIFICATION
+ 2.60 m

TIDAL AMPLIFICATION
+ 1.20 m

TIDAL AMPLIFICATION
+ 0.75 m

+ 1.45 m

+ 2.50 m

+ 0.70 m
+/- 0.00 m

+ 1.30 m
+/- 0.00 m

CHANNEL BED

CHANNEL BED

2018

1999

TIDAL AMPLIFICATION
+ 2.47 m

+ 3.20 m

+ 3.28 m

+ 3.91 m
+ 3.28 m

+ 0.60 m
+/- 0.00 m

+ 0.81 m

+ 1.44 m
+ 0.81 m

+/- 0.00 m

+/- 0.00 m

CHANNEL BED

CHANNEL BED

fig. 13 - Tidal amplitude between 1908 and 2014
fig. 12 - Intertidal salt marsh
(https://maineanencyclopedia.com/
woolwich/)
fig. 13 - Tidal amplitude between 1908
and 2014
(own production)

As a result of the intensification of the tidal fluctuations, in the last decade and especially since 2011,
saltwater floods have been registered in the agricultural fields located in the intertidal portion of the lagoon,
destroying the rice and crop- cultivated fields in the river Vouga mouth. And even more, during periods of high
river discharges and strong precipitation, the saltwater flood has been registered also in the historical centre of
Aveiro, inundating the houses of the inhabitants (Houdijk, 2012).
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The stronger currents intensified the erosion processes occurring in the intertidal area of the lagoon.
Especially in the abandoned salt production sites, the increasing strength of the currents enhanced the erosion of
the dike protections which gradually collapsed, transforming gradually those former production areas first into
natural areas, and secondly into salt marshes. On the other hand, the increased difference between high and low
tide registered in the last century affects the intertidal area of the lagoon: higher high tides generate always more
inland marginal flooding, affecting the cultivated areas and urban outposts in proximity of the lagoon; lower low
tides expose progressively more land, neglecting the accessibility of the areas in between high tide and low tide
by boat, generating a constantly increasing variability of the lagoon boundaries.
In order to solve the problems identified in the lagoon, the Portuguese government together with the
University of Aveiro developed the project ADAPTARia (2013), which is aimed to understand the possible flood
risks for Ria de Aveiro with different scenarios, illustrating also interventions that are already in execution.

However, the analysis and the solutions presented in the project are taking a strong engineering approach,
demonstrated by the concrete dike intervention, completed for 50%, that is currently being built for the protection
of the agricultural fields in the river Vouga mouth from the periodically occurring saltwater flooding.
This engineering approach to the flood problem in Ria de Aveiro results to be effective in small scale
and in relation with the interested area, but it would become obsolete and even counterproductive considered
at lagoon scale, due to the minimal impact that it has on the landscape processes. In fact, the dike intervention
aimed to protect the agricultural fields simply contrasts the flooding occurrence, by neglecting the saltwater flood
to spread only in those areas.

Even if the problem of saltwater flooding in those areas would be resolved, this approach to the problem
would not consider the landscape dynamics affecting the lagoon. In fact, the building of a dike would prevent
flooding in the agricultural fields, but it will not solve the cause of the flooding; the result would be the flooding
simply shifted somewhere else. This means that the intervention would result to be beneficial for protection, but
its effectiveness would be confined in the proximity of the intervention, while inevitably moving the problem in
another place. Instead, it should be preferable to investigate the causes behind the flooding occurrences in order
to attempt a solution that would tackle the problems on their roots.

fig. 14 - Abandoned flooded buildings
fig. 14 - Abandoned flooded buildings
(own production)
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Legend of fig. 15

fig. 15 - Saltwater and Freshwater 2100
flood prediction
(own production)
N
3 km

1.5 km
750 m
0

750 m

2.25 km
2.25 km

4.5 km

7.5 km

fig. 15 - Saltwater and Freshwater 2100 flood prediction
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So, the first step in the research would be analyze and investigate the causes that generate flooding in
multiple areas of the whole lagoon. Previous studies, such as Vargas et al (2017), Picado et al (2013) and Lopes
et al (2017) indicate that almost all the occurrences are caused by the relevant increase in the tidal amplitude
registered especially in the last 30 years. The tidal amplitude represents the difference of water volume between
TIDAL AMPLIFICATION
TIDAL AMPLIFICATION
high tide
and
low tide, and its increase means that are present
higher high tides and lower low +tides
+ 2.60nowadays
m
2.47 m
TIDAL
AMPLIFICATION
1.20 m
compared with+30
years ago. The higher high tides generate extensive flooding, while lower low tides affect the
lagoon channels and wetland areas. Moreover, the higher the difference between high and low tide, the stronger
+ 3.20the
m processes of erosion and sedimentation+ would
3.28 m have an increased impact on
the water currents would be; also,
the lagoon. Nowadays, the lagoon is suffering several issues, listed below, in relation to the causes that generate
the problem:
+ 0.81 m

1990

+ 2.50 m

+ 1.30 m
- 0.00 m

1999

+ 0.60 m
+/- 0.00 m

CHANNEL BED

+/- 0.00 m

CHANNEL BED

TIDAL AMPLIFICATION
+ 2.47 m
+ 5.08 m
+ 3.91 m
+ 3.28 m

+ 3.28 m
+ 1.73 m

+ 1.44 m
+ 0.81 m

CHANNEL BED

Flooding in the urban outposts

-

Erosion of historically valuable salt production dikes --> Higher high tides and stronger currents

-

Loss of ecologically valuable wetlands --> Higher high tides and stronger currents

-

Loss of agricultural production --> Higher high tides

-

Loss of boating for commercial and touristic sector --> Lower low tides

Tidal Amp

Sea Level Rise Prediction

+ 0.81 m
+/- 0.00 m

+/- 0.00 m

-

CHANNEL BED

--> Higher high tides

fig. 16 - Sea level rise prediction 2100

2100

2018

Sea Level Rise Prediction
Even more threatening are the future projections developed by the project ADAPTARia (2013), which
AMPLIFICATION
states that there would be a sea level rise of about 0.63 m in the whole lagoon over the periodTIDAL
of 100
years,
TIDAL AMPLIFICATION
+ 2.47 m
TIDAL AMPLIFICATION
combined with
the
+ 2.60
m expected values of mean high tide (+ 5.08
+ 2.47m
m ASL) and low tide (+ 1.73 m ASL), generating a
tidal amplitude of 3.35 m.

1999

2100

2018

2100

Tidal Amplification Prediction
TIDAL AMPLIFICATION
+ 3.35 m

+ 5.08 m

+ 3.91 m
+ 3.28 m
+ 3.28
m amplitude, which generates
It appears evident that the main
problem in Ria de Aveiro is the increase in the
tidal
higher high tides and lower low tides.

0m

+ 0.81 m

0m
0m

+ 1.44 m
+ 0.81 m

Thus, in order to attempt
to occur in the next 100 years,
+/- 0.00 m to solve the problems identified and expected
+/- 0.00 m
the tidal amplitude has to be reduced. In this way there would be present: lower high tides, reducing the impact of
flooding on the urban outposts and agricultural fields, since the tide would reach lower heights; higher low tides,
which would reduce the navigation restrictions
in the lagoon channels, since the tide would
expose less land to
CHANNEL BED
CHANNEL BED
CHANNEL BED
open air.

Moreover, reducing the tidal amplitude would decrease the impact of the tidal fluctuations in the lagoon,
generating consequently slower currents which would in turn decrease the erosion process affecting the historical
salt production dikes located in the intertidal area of the lagoon. Concluding, decreasing the tidal amplitude
would define with more certainty the lagoon boundaries, making the lagoon safer, more controllable and less
affected by threatening hazards.
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+ 3.28 m
+ 1.73 m
+ 0.81 m
+/- 0.00 m

CHANNEL BED

fig. 17 - Tidal Amplitude prediction 2100
fig. 16 - Sea level rise prediction 2100
(own production)
fig. 17 - Tidal Amplitude prediction 2100
(own production)
fig. 18 - People affected by flood on 2016
(https://expresso.pt/sociedade/2016-02-14Mau-tempo-ainda-nao-deu-treguas)

CH

Legend of fig. 20

2100

fig. 18 - People affected by flood on 2016

2100

2018

AMPLIFICATION
+ 2.60 m

Tidal Amplification Prediction

Sea Level Rise Prediction

TIDAL AMPLIFICATION
+ 3.35 m

TIDAL AMPLIFICATION
+ 2.47 m

TIDAL AMPLIFICATION
+ 2.47 m

+ 5.08 m

+ 3.28 m

+ 3.91 m
+ 3.28 m

+ 0.81 m

+ 1.44 m
+ 0.81 m

+/- 0.00 m

+/- 0.00 m

CHANNEL BED

+ 3.28 m
+ 1.73 m
+ 0.81 m
+/- 0.00 m

CHANNEL BED

CHANNEL BED

fig. 19 - Tidal Amplitude on 2018
fig. 19 - Tidal Amplitude on 2018
(own production)
fig. 20 - Hazards relation with saltwater
and freshwater flood prediction
(own production)

N
3 km

1.5 km
750 m
0

750 m

2.25 km
2.25 km

4.5 km

7.5 km

fig. 20 - Hazards relation with saltwater and freshwater flood prediction
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1.5 - RESEARCH
OBJECTIVES
KNOWLEDGE GAP
As described in the previous paragraph, the landscape of Ria de Aveiro is very dynamic and has
been affected intensively throughout its history by landscape processes such as tidal fluctuations and coastal
circulations. In fact, the actual situation of the estuarine lagoon is a result of the continuous interaction of
landscape processes and human activities, revealing a strong connection between these two contrasting forces.
However these human activities, identified in the form of periodically executed protective interventions such as
the creation of dikes, breakwaters and lagoon’s bed dredging actions, have been developed always to resist and to
contrast with the landscape processes of the lagoon.

Resistive
Approach

This is for instance the case of the engineering project ADAPTARia, a protective intervention for the
estuarine lagoon developed on 2013, which establishes height increases of the already present dikes or simply the
creation of new ones to prevent saltwater flood in specific areas.

Especially in this context, this contrastive approach to the flooding problem appears superficial since it
would solve temporary the flooding issue in that specific location, but it would not affect the lagoon’s landscape
processes, resulting into postponing the problem or simply shifting it somewhere else, even sometimes with worse
conditions. Thus, it arises the need of a different approach to the flooding problem occurring in Ria de Aveiro, an
approach which should adapt to landscape processes rather than resisting to them. During the last decade, due
to the increasing threat of flooding caused by climate change, landscape architects in the Netherlands directed
towards water management issues. For centuries the approach to water management issues has been to increment
the height of the dikes in order to protect land from the increasing water levels; however, even though it seems a
reasonable intervention, it would foster an increasing risk, since “higher dikes also mean bigger impacts in case of
dike breach” (Kuitert, 2008). So, the increasing risks of flooding in the river streams of the Netherlands over the
last 20 years triggered a different way of thinking, leading to new policy paradigm named “Water Management in
the 21st Century” (WB21). This new policy paradigm dictates that “water must be allowed more space, before it
takes [by] itself” (Kuitert, 2008), while defining three key concepts that must be followed in order to elaborate an
evolved protection design:
-

Anticipate instead of reacting to occurrences;
Combine technical solutions with smart use of space;
Protect not by neglecting water flood but by retaining, storing and discharging excessive water.

This approach considers the landscape processes and includes landscape features in flood protection
design. A landscape approach aimed to take advantage of the landscape processes instead of contrasting them
would offer a sustainable intervention which not only protects the areas at highest risk but also exploits the
potentials of the landscape.
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Working against
the system

fig. 21 - Contrasting the flooding cause
fig. 21 - Contrasting the flooding cause
(own production)

In order to define and apply the landscape approach to the flooding problem in Ria de Aveiro, the
landscape in itself has to be understood as a living (infra)structure, which is a result of landscape events such
as tidal fluctuations, sedimentation and erosion, or nutrient exchanges, which can be seen as “the driving
forces of living systems” (Roncken et al., 2011). The landscape is a result of the continuous interaction between
natural system and human activities and acts as a “(human) body system”, in which a multitude of elements are
intertwined and combined, continuously exchanging inputs and outputs. This continuous interchange of input and
outputs influencing each other affect the size, shape and position of the different landscape components, making
the landscape a constantly changing and evolving place, which responds to modifications in a different way than
the human activities (Antrop, 1998). Partly, this is because nature has a slower rhythm of development than the
human activities, such as the growth of a forest or the geological processes which take decades or even centuries.

Adaptive
Approach

“The landscape machine is evolving through the interaction with physical, chemical and ecological 		
processes” (Roncken et al. 2011; p. 72).

The landscape is a dynamic system, which is a result of several complex systems interacting with each
other and interchanging inputs and outputs. Due to its dynamicity, the landscape adapts slowly to changes,
rearranging itself in relation to the new conditions, looking for a homeostasis between complex systems. The
intertwining systems which form the landscape are represented by the natural and social system, each of those
divided in substratum. The natural system is composed by the biotic and abiotic subsystems, while the social
system is composed by the economic, cultural and political subsystems. Through the analysis of those systems
and their relationships with each other the landscape could be understood, providing an overall planning context
in which a landscape design is implemented (Kleefmann adapted by Duchhart, 2007).

Working with
the system

The landscape approach in Wageningen would generate a sustainable design, which since 1970s became
synonymous of ecological health, leading to interventions which neglected human presence and their activities in
favour of an ecological restoration, such as the Biesbosch natural park located in the Netherlands. However, the
modern concept of sustainability should go beyond the mere addressing of ecological values considering also the
social practice and the cultural sphere (Meyer, 2008). This is because the culture influence landscapes and culture
is embodied within landscapes, making the ecological realm strictly bonded with the cultural sphere and the
human activities (Duchhart, 2007). This concept of sustainability in landscape architecture assumes a particular
meaning. It means the approach towards a landscape problem which would provide benefits from different points
of views. It means elaborating a solution which is advantageous regarding multiple aspects and offers possibilities
of development towards different goals, which could be directed not only towards human comfort and thrive but
also towards the environment.

fig. 22 - Adapting to the flooding cause
fig. 22 - Adapting to the flooding cause
(own production)

“It is vital to expand [landscape] architecture beyond the idea of being just design for us, and to 		
address the wider global ecosystem as a shared space for all species.” (Orff 2016; p. 86)
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In Ria de Aveiro, as depicted in the previous paragraphs, due to the expected increases of the tidal
fluctuations several landscapes would be affected, being urban areas, former salt productive areas, and ecologically
valuable areas. Contextualizing the concept of sustainability in Ria de Aveiro, an intervention would invert the
tendency towards disappearance and bring back to life these elements, a so called revival of the disappearing
landscape. Protecting and reviving these elements would give to them a new meaning, a new purpose for being
alive, and envision a “more complex environment that is at once [landscape] of the past and of the future” (Orff
2016; p. 132). Having to deal with the landscape as a dynamic system, the landscape approach investigates
the characteristics of the landscape in order to design processes and experiences rather than form; it “accepts
the evolution of landscape as ideas, cultural practices, communities. It is an integrative, dynamic, evolutionary
approach that seeks field immersion for complete, aesthetic understanding and leads to emergent design”. In fact,
the landscape approach “goes beyond the scientific by recovering both poetic and representational aspects of
landscape as culture”. (Koh 2013; p. 13)

“A landscape approach balances creativity with conservation, shaping with managing, and		
transcends both a compositional approach to design and a typological approach to design analysis.”
“A landscape approach is design for and with time.” (Koh 2013; p. 29)
Having this point of view, it appears evident that in Ria de Aveiro it is present a Design Gap more than a
Knowledge Gap. In fact, even if new knowledge on protection from flooding is widely available, this knowledge
is not applied in the context. All the projects developed until 2018 present the same engineering approach with
punctual interventions which don’t act on the roots of the problem, such as the present and future landscape
processes, but consider only the tangible occurrences, thus contrasting the causes and not adapting to the causes.

Through this research then, it is intended to apply the landscape approach to the Ria de Aveiro flooding
problem, to generate an adaptive and sustainable protective intervention which would revive the disappearing
elements of the lagoon, giving them a new meaning. In order to achieve this intention, three consequent objectives
for this Research-through-Designing are elaborated; each of these objectives addresses a different scale level in
which the intervention is implemented.
The first and main objective is to achieve SAFETY, meaning approaching the present and future
flooding occurrences at a “lagoon” scale to generate possible solutions which would reduce the tidal amplitude
in the whole lagoon, acting on the landscape process causing the flooding and not on the flooding occurrence.
The second objective is to achieve VERSATILITY, meaning designing an adaptive solution, which would consider
the generated landscape conditions to obtain interchangeability of land use and features, on an “island” scale.
The third objective is to achieve SUSTAINABILITY, meaning integrate the design in the currently present
landscape in order to valorize and possibly bring back to life the disappearing elements identified in the lagoon,
at a “pond” scale.
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1.6 - DESIGN - RESEARCH
QUESTIONS
MAIN QUESTION

What sustainable design interventions protect the landscape of Ria de Aveiro
from flood hazards and simultaneously revive the disappearing valuable elements
of the lagoon?

SUPPORTIVE QUESTIONS
RESEARCH QUESTIONS
-What are the relevant landscape units in Ria de Aveiro? --- > LANDSCAPE
-What is the impact of the flood hazards on the landscape units of Ria de Aveiro? --- > FLOOD HAZARD
-What (technical) interventions are available to protect the landscapes of Ria de Aveiro and which of		
these are the best, assessed in safety terms? --- > SAFETY

DESIGN QUESTIONS
-How can the protective intervention be designed in a way which enhances the qualities of the 		
landscape and enriches its attractiveness? ---> VERSATILITY
-How can the intervention revive the disappearing valuable elements of the lagoon, giving to them a 		
new meaning? --- > ADDED VALUES
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1.7 - METHODOLOGICAL
FRAMEWORK
For this research, a sequential mixed methods strategy seems most appropriate in order to answer the
questions presented (Creswell, 2009). This strategy of inquiry is considered mixed because it will inevitably
involve quantitative and qualitative data. Both those aspects are covered in different weights throughout the
whole research and design process. In order to answer the research and design questions, the methodological
framework has been subdivided in three distinct phases: Understanding, Assessing and Designing. The first
two phases represent the Research-For-Design, since they define the characteristics of the landscape and its
subsequent classification, together with the exploration of new approaches and possibilities on how to intervene
on the landscape processes (Lenzholzer et al., 2013). The first phase of the research (Understanding) focused on
quantitative data identified in literature study, maps and landscape analysis and on the qualitative data, involving
interviews with experts in order to understand how the landscapes of Ria de Aveiro affect each other considering
its interactivity of biotic and abiotic systems with the landscape dynamics. The second phase of the research
(Assessing) focused on defining the flood risk in the lagoon in order to predict and assess how the landscape
dynamics would affect the elements of the landscape in the future.
This second phase focused both on qualitative and quantitative data, meaning the collection and
adaptation of flooding risk data and expert interviews among the Aveiro University. The third phase of the
research (Designing) focused on the elaboration of a solution to the problems identified by tackling the issue at
different scales and represents the Research-Through-Designing (Lenzholzer et al., 2013). Three different scales
have been selected for this design, related to the impact that the proposed solutions would have on the lagoon,
and thus this phase has been divided in three sub-phases which would generate a final solution through steps.
Each of the sub-phases focuses on one of the objectives stated in Chapter 1.5 of this Thesis Report. The tools used
for this designing phase are proper of the landscape architect profession and include sketching, map drawings and
preliminary studies which interconnect the three phases.

RESEARCH PHASES
The first phase of the research activity has been carried on as a desk study in Wageningen, and it has
been divided in two parallel processes, focusing mostly on quantitative data and analysis, and aims to answer
the research sub-question 1 (What are the relevant landscape units in Ria de Aveiro?). The first part involves a
landscape analysis on the area of Ria de Aveiro, starting from its landscape formation and analyzing the physical
characteristics that it presents, namely lagoon’s bathymetry and dynamics, elevation maps, land use, connections.
Several documents related to the ecological, cultural and economic aspect have been extensively analysed in order
to develop a classification of the different landscapes present in the lagoon’s area into “Landscape Units”.
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In order to develop this landscape awareness, several experts have been interviewed to expand the
analysis towards a broader body of knowledge than landscape architecture. Regarding the ecological aspects, it
has been interviewed Prof. Aat Barendregt of Utrecht University, landscape ecologist with main experiences in
eco-hydrology and in restoration of nature areas, which wrote several articles on the topic of wetlands. Regarding
the Ria de Aveiro lagoon dynamics, it has been contacted Prof. Joao Dias, leader of the Physics Department
in the Aveiro University which created the Nucleo de Modelacao Estuarina e Costeira (NMEC), a laboratory of
researchers which studies and develop hydrodynamic models for the Ria de Aveiro lagoon. The second period of
the research, the field study, has been conducted in Aveiro and it focused on answering the research sub-question
2 (What is the impact of the flood hazards on the landscape units of Ria de Aveiro?).

Visiting Aveiro and its surroundings not only provided evidences on the actual flooding conditions but
also allowed the researcher to understand and experience the cultural identity of the lagoon. From this phase, it
has been developed a flood risk assessment which would consider how the flood threat would affect the landscape
units identified in the previous phase. In this way, the focus of the design would be directed towards the most
threatening predicted occurrences in order to define the scope of the design activity tackled in the next phase.
The third period of the research focused on the Research-Through-Designing activity (Lenzholzer et al., 2013)
and has been carried out mostly in Wageningen. This activity is proper of the landscape approach, analyzing
through the research the issues at their right scale, in order to propose relative solutions. In fact, every solution
which is elaborated throughout the Research-Through-Designing activity has been tested with the hydrodynamic
model of NMEC Laboratory in Aveiro University to understand the conditions and the features created by the
relative solution. As defined in the previous paragraph, this phase has been divided in three sub-phases, each one
addressing a different design scale with the relative research sub-question (3-4- 5).

The first sub-phase involves the elaboration of a safety solution, addressing a lagoon scale, in order to
explore and define what kind of interventions could be implemented in the totality of the lagoon and what would
be their impacts on the landscape units. From this sub-phase, the research sub-question 3 is answered (What
(technical) interventions are available to protect the landscapes of Ria de Aveiro and which of these are the best,
assessed in safety terms?), and involved the elaboration of a PROCESS. In fact, considering the scale of which the
proposed intervention is planned, the form in itself appear meaningless, while instead giving value to a design of
processes and different occurrences that could be created to obtain the desired protective goal. The outcomes of
this sub-phase have been tested through the hydrodynamic model of NMEC Laboratory in Aveiro University in
order to assess their effectivity considering the protective issue as long as the opportunities eventually created,
leading to a selection of a design process, which would be the focus of the next sub-phase.

The second sub-phase involves the elaboration of a versatile solution, addressing an island scale, in order
to define the applicability of the design process selected in the previous sub-phase. In this sub-phase the focus
has been into the elaboration of the MAKING, meaning the design of a series of occurrences and characteristics
that the design should have in order to maximize the benefits generated by its possible implementation. From this
sub-phase, it has been answered the research sub-question 4 (How can the protective intervention be designed in
a way which enhances the qualities of the landscape and enriches its attractiveness?), leading to the selection of
the most suitable area in which implement the design process elaborated in the previous sub-phase, considering
the intentions and conditions defined through this sub-phase.
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The last and third sub-phase involves the design of the elements that should be placed in the intervention
in order to obtain the desired PROCESS and MAKING identified in the previous sub-phases. Technical aspects of
the design are investigated, as long as their applicability into the selected design area. As the previous sub-phases
were focusing on the elaboration of PROCESS and MAKING, during this sub-phase the focus would be prevalently
on the FORM and how these elements could be designed. From this sub-phase, it has been answered the research
sub-question 5 (How can the intervention revive the disappearing valuable elements of the lagoon, giving to them
a new meaning?), leading to the final design.

It is important to state that the decision to tackle the design activity mostly in the third phase and less
in the previous is a conscious arrangement. This is because of the influence that prof. Jusuck Koh, and his lectures
during the Msc in Landscape Architecture in Wageningen. During his lectures, one of the main focuses was to
find the correct problems and intervene to fix the right issue. In fact the solution, intended as the design in it-self,
is always improvable in terms of aesthetics but, if this solution does not solve the problems or does not address
the right issues, it will be pointless. Thus, understanding the problems from different approaches, disciplines and
scales is the key to be effective in the design activity that only at that point can be carried on, leading then to a
variety of solutions generated with a conscious mind about the identified problems (Koh, 2013).

For instance, contextualizing this statement, in Ria de Aveiro it is present a flooding problem. However,
the problem is not the flood in itself; instead, it is the increase in the tidal amplifications registered in recent years
which causes the flood. Solving a flooding occurrence in a specific location would just shift the issue somewhere
else unpredictably, resulting ultimately into a pointless solution which eventually could cause more issues in
the future. On the other hand, reducing the tidal amplifications would tackle the flood issue at its roots and
presumably all at the same time.

fig. 23 - Methodological Framework
scheme
(own production)
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2.1 - LANDSCAPE
DEVELOPMENT

1000 a.C.

1492 a.C.

1756 a.C.

fig. 25 - Lagoon’s historical development
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The landscape of Ria de Aveiro has been subject of intense transformations throughout its history, and
understanding these transformations would give an idea on how the estuarine lagoon have been formed and its
interlink with human activities. In these two pages the landscape development is schematized, illustrating the
progress of time (horizontal direction) in relation with the average lagoon depth registered in a specific location
(inlet channel) during crucial events (vertical direction). Most of these events caused a shift in the landscape
dynamics balance, which transformed the area from a Coastal system towards a Lake system, ultimately leading
to a Lagoon system. These events are listed below:

1000 a.C.

Approximate date of Aveiro city foundation. The area presented optimal
conditions for food and for salt production.

1492 a.C.

America discovery stimulated deforestation in the forests nearby the lagoon
area. Debris carried by the rivers, creating south-extending sandbar.

1756 a.C.

Debris sandbar separate the lagoon area from the ocean. From a Coastal
system switched to a Lake system. Disappearance of salt production and
commercial activities, declining economy.

1811 a.C.

Engineering activities to restore accessibility of commercial harbours and
reestablish water exchange between the lagoon area and the ocean. Shift
from a Lake system to a Lagoon system.

1958 a.C.

Drop of salt price caused a shift in economy. Now Aveiro would sustain
mostly on commercial activities, making them indispensable for the whole
prosperity of the lagoon.

1990 a.C.

1811 a.C.

Engineering activities to increase the depth
of the inlet channel to average 30 m, adapting
the harbor to the conditions of modern
colossal vessels in regards of ship draught
(the submerged part of a ship fully loaded)
and underkeel clearance (the metres of water
between the ship keel and lagoon bed).

1958 a.C.
35

2.2 - LANDSCAPE
DYNAMICS
Nowadays, the bathymetry of the lagoon presents several areas in which the depth varies between 30 m
of the inlet channel and 5 m of the inland channels, even though the average depth of the whole lagoon is just 1
m. Four main inland channels are present, in relation with the inlet channel: on south there is the Mira Channel,
which extends for 15 km on south reaching the city of Mira; on north the São Jacinto Channel, which extends far
north parallel to the coast for almost 30 km until the city of Ovar; on east the Espinheiro Channel, which flows
east and north-east and extends for approximately 15 km until the river Vouga mouth and the Ílhavo Channel, that
flows south-east for 3 km until the city of Ílhavo and Vagos.
As evidenced by the timeline presented, the landscape of Ria de Aveiro is strictly bonded with the
dynamics affecting the area, which adapts to the constantly changing system’s characteristics. Depending on the
water interactions of the system, being a coastal system, a lake system and ultimately an estuarine lagoon system,
the landscape changed towards an equilibrium amongst all the landscape dynamics that interact with each other.
The estuarine lagoon of Ria de Aveiro presents a dynamic interaction between:

- TIDAL FLUCTUATIONS
- FRESHWATER INPUTS
- COASTAL CIRCULATIONS

Every one of those processes affects Ria de Aveiro in a different way (Dias, 2001), and the present
situations in the lagoon are a combination of all those aspects. For instance, the interaction between the saltwater
flood caused by tidal fluctuations and freshwater flood caused by river discharges define the salinity patterns in
the lagoon waters and consequently affects the vegetation. Moreover, coastal circulations affect the coastline
with erosion and accretion, contributing to and enhancing the instability of the system. In order to understand in
detail the hydrodynamic characteristics of the lagoon, these dynamics are discussed in relation with their recent
historical occurrences.
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fig. 26 - Lagoon’s channels
(own production)
fig. 27 - Tidal Forces scheme
(own production)
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Neap Tides

2.4 - TIDAL
FLUCTUATIONS
In the estuarine lagoon of Ria de Aveiro, the tidal fluctuations are a crucial characteristic. The historical
growth of the area made it a shallow lagoon in which the tidal wave can inundate land sometimes for kilometres.
In the image we can see two different settings of Ria de Aveiro lagoon, during spring tide and during neap tide.
According to Lopes et al. (2013), the area that is covered by water is about 89.2 km 2 in spring tide which is reduced
to 64.9 km 2 in neap tide conditions.
According to Picado (2008), the Oceanic tide affects Ria de Aveiro by a semidiurnal tidal cycle. The
characteristics of any tidal cycle, being located in Ria de Aveiro or somewhere else, are clarified in relation to
three different parameters, which identify the uniqueness of the fluctuations: TIDAL AMPLITUDE, TIDAL PHASE
and TIDAL ASYMMETRY. The TIDAL AMPLITUDE is the mean difference between water levels at high tide and
at low tide; it is related with the TIDAL PRISM, which is “the volume of water in an estuary or an inlet between
mean high tide and mean low tide” (Luketina 1998; p. 77).

The TIDAL PHASE expresses the time that a specific characteristic of the wave takes to travel from a
reference place (usually the Greenwich Meridian) in hours or in degrees (with 360 maximum per tidal cycle) and
thus it indicates the velocity of the water during the tidal cycle. The TIDAL ASYMMETRY explains the FLOODDOMINANCE or EBB-DOMINANCE of the tidal cycle in different locations, in order to assess the potential erosionsedimentation processes involved among water fluctuations. The TIDE DOMINANCE is an important aspect since
it addresses erosion and sedimentation processes. EBB-DOMINANCE generates a tendency for sediment export
outside the lagoon, leading to channel deepening and erosion of the bottom. In the FLOOD-DOMINANCE the
sedimentation rates are higher than the erosive action of the tides and generate accretion in the channels (Picado
et al., 2013). As discussed in the Chapter 2.1 of this Thesis report, Ria de Aveiro is connected to the sea by an inlet
channel which was subject of continuous modifications along the last century, which led to an increase in the tidal
amplitude (Dias,2001). Measurements of the tidal amplitude were performed since 1905, showing a continuous
increase especially in the last 30 years. The most recent values for the tidal settings are 3.28 m ASL for spring tides
and 0.81 m ASL for neap tides (Dias, 2014), with the relative spring and neap tide settings represented in fig. 29.

TIDAL PRISM
WATER VOLUME
DIFFERENCE
BETWEEN HIGH
AND LOW
TIDE
HIGH TIDE
LEVEL
LOW TIDE
LEVEL
CHANNEL BED

fig. 28 - Tidal prism diagram
This comparison reveals how the surface amplitude varies considerably among spring-neap tide, which
is a result of the substantial difference of 2. 47 m (tidal amplitude) between the tidal settings, combined with
the shallow topography of the Ria de Aveiro, which favour the tidal inland propagation. In fact, in the areas with
the height between +0.81 m ASL and + 3.28 m ASL the tidal amplitude would decrease but the tidal prism not,
meaning that the same water volume has to be allocated in less space, thus it spreads faster (higher tidal phase)
the higher would be the elevation of the area.
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fig 28 - Tidal prism diagram
(own production)

Legend of fig. 29

fig. 29 - Saltwater and freshwater flood
prediction
(own production)
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fig. 29 - Saltwater and freshwater flood prediction
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TIDAL AMPLITUDE and TIDAL PHASE are two tidal characteristics strictly related, in the sense if the
tidal amplitude increases, the tidal phase decreases. This means that the water velocity increases as the depth of
the channel decreases, resulting into a very fast propagation and retirement of the waters, especially in peripheric
areas. The opposite process is observed too, so if the tidal amplitude decreases, the tidal phase increases. In
general, according to Araujo et al. (2008), the tidal amplitude tends to decrease the more increases the distance
from the inlet and the relative tidal phase tends to increase. Thus in Ria de Aveiro the tidal phase is related to
the distance from the inlet channel and tends to increase as much the tide propagates inland, decreasing its tidal
amplitude due to the shallowness of the landscape. This occurrence has two main consequences: the increased
water velocity enhances the processes of erosion and sedimentation in the bottom of the more shallow channels; it
creates a very rapid tidal cycle, which exposes or inundates a vast area periodically, shaping the extremely variable
boundaries of the lagoon.

Higher water velocity and faster water propagation means that in a short period of time wide portions of
landscape would be inundated or exposed. For instance, a completely flooded area could be exposed in one hour
time span.
The value of the amplitude increased over time, while phase decreased, which means that the same
tidal characteristic occurred earlier in the same place comparing to the lagoon inlet. Changes in the bathymetry in
the inlet channel and in the lagoon in general have led to these trends, confirmed by Lane (2004), which explains
that “tidal propagations respond immediately and directly to changes in bathymetry and, to a lesser degree, to
variations in bed-roughness determined by the presence of superficial sediments” (Lane 2004; p. 250).

During the last 30 years, the tidal phases decreased from between 3 and 20 minutes in the main
channels of Ria de Aveiro to about 60 minutes at the head of S. Jacinto channel. The TIDAL PRISM in Ria de Aveiro
inlet registered a strong variability between spring tide and neap tides, with increases of about 5% in spring tide
and 7% in neap tide, suggesting similar increases in other channels. The variation of the tidal amplitude is small
at the mouth (4%), increasing towards the separation of the channels. Also the tidal asymmetry was subject to
modifications. “During 1987-1988, the majority of the lagoon was flood-dominant, since then, the central section
of the lagoon (including Laranjo Basin and Vouga Channel) has become ebb-dominant, whilst the northern and
southern sections are flood-dominant and there is no clear overall dominance” (Araujo et al. 2008; p. 1011) . In
fact, recent studies of the tidal asymmetry reveal that at the inlet and in the central channels of Ria de Aveiro
an ebb-dominant tide is present, while in the channels farthest from the inlet a flood-dominant tide is present.
Through the analysis of the last 30 years dynamics, some important conclusions could be derived:

fig. 30 - Tidal Prism - Tidal Dominance
- Tidal Phase in relation
(own production)
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-

The general increase in the tidal prism would increase the lagoon area, causing inevitably more 		
flooding occurrences.

-

The different tidal dominances in different areas would suggest a deepening of the inlet while 		
there would be a filling of the other channels with sediments, enhancing even more the different 		
dynamics described.

-

An increase in the total area of the lagoon, for example due to dredging activity or erosion, generate
inside Ria de Aveiro a decrease in the tidal amplitude and an increase in the tidal phase.

-

The depth of the inlet channel is directly related to the tidal amplitude: as the depth of the inlet 		
increases, so does the tidal amplitude inside the lagoon and thus the tidal phase decreases.
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fig. 30 - Tidal Prism - Tidal Dominance - Tidal Phase in relation
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2.5 - FRESHWATER
INPUTS
The tidal fluctuations depicted in the previous chapter represent the input of saltwater into the estuarine
lagoon. Ria de Aveiro presents also freshwater inputs, which are generated by different sources, mainly rivers that
have their estuary into the lagoon. The main freshwater input comes from the VOUGA RIVER, which discharges
in the north-eastern part of the Espinheiro Channel, contributing of 69% of the total amount of the freshwater
reaching Ria de Aveiro (Silva, 1994). The last 31% of freshwater input in Ria de Aveiro is subdivided among four
other sources present in the lagoon. These sources are: the ANTUA RIVER, which discharges few kilometres
norther than the mouth of Vouga, in the Laranjo Bay; the BOCO RIVER, which discharges in the southern part of
the Ílhavo Channel; the SOUTH END OF MIRA CHANNEL, which affects the dynamics in the Mira Channel; the
NORTH END OF SAO JACINTO CHANNEL, which affects the dynamics in São Jacinto Channel. According to Dias
(2001) and Vaz (2007), the tidal character of Ria de Aveiro contrasts with the dynamic of river discharges, because
these are directly involved in the lagoon salinity patterns and are very important in the residual circulation in
the lagoon (Dias et al, 1999). In fact, the saltwater spreads into the lagoon and in the estuaries of the freshwater
inputs, affecting their salinity and consequently vegetation and animal presence.

WATER SALINITY varies considerably among winter and summer due to the different seasonal
precipitation, which define the amount of freshwater carried by the rivers. Especially in the river Vouga (69% of
total freshwater input into the lagoon) the variety in input further depends on the presence of a paper mill factory
in Cacia, which uses the freshwater for its production processes (Dias, 2001). In order to prevent the salinity
intrusion in the freshwater needs of the factory, every year on May-June an artificial dam is constructed made of
wood until October-November, when the force of freshwater discharges becomes too high that destroys the dam.
This temporary dam protects the freshwater inputs, blocking the tidal fluctuations which go upstream, making
the water usable for production purposes. This means that, during the period in which the dam is constructed,
an almost constant and little inflow reaches Ria de Aveiro, while in winter the freshwater inputs are without
constraints, causing an extreme variability of the freshwater inputs in relation to the season. This configuration
of different freshwater inputs in the lagoon creates the conditions for a multitude of salinity patterns, as shown
in the image. The major differences in these patterns are evidenced at the mouths of the freshwater inputs, while
becoming more stable as long as the distance from these mouths increases.

The extreme variability in the salinity patterns in the lagoon stimulates the establishment of several
landscapes, presenting a unique variety of vegetation and animals spread throughout the lagoon. As discussed by
Vaz (2007), the establishment of a resilient ecosystem considers also the water qualities: a seasonal variability of
the water salinity would affect the growth of saltwater and freshwater resistant plants, which would in turn create
an intensively variable landscape that would attract animal communities for nesting and feeding purposes. This
feature makes the landscape of Ria de Aveiro highly dynamic and very resilient, in particular in the intertidal areas
of the lagoon, creating a bond between the two contrasting water inputs: saltwater from the tidal fluctuations;
freshwater from the estuaries.
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Legend of fig. 32

fig. 31 - Schematic representation of water precipitation

fig. 31 - Schematic representation of
water precipitation
(own production)
fig. 32 - Freshwater and saltwater
inputs in the lagoon
(own production)
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fig. 32 - Freshwater and saltwater inputs in the lagoon
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2.6 - COASTAL
CIRCULATIONS
The coastal circulation processes involve the tidal fluctuations and the phenomenon of LITTORAL
DRIFT. The LITTORAL DRIFT is a term that is used for the transport of sediments, mainly sand, clay, silt and
shingle, along coastal shorelines, that occurs due to the wave breaking action generated by local wind currents
and to the main ocean water currents (Reeve et al, 2004). Usually, the LITTORAL DRIFT present different statuses
which depend on the equilibrium between sediment deposition and erosion on the coastline. If the sediment
transport is higher than the eroding wave action, the coastline extends in amplitude forming sandy dunes; if the
amount of sediments is lacking, then the coastline will be affected by erosion and by a reduction of the shoreline,
with consequent loss of land. In Ria de Aveiro the sediment transport appears to be less than the eroding action
of the ocean waves on the coastline, which makes the littoral drift to progressively erode the coastline, causing
loss of land. This is due to the combination of two aspects: a significant decrease in sediment transport which
is provided by the rivers of Portugal, occurred since 1940 and causing an increase in the coastline erosion; the
construction of the breakwaters on the inlet channel of the estuarine lagoon. Several studies assessed that the
breakwaters, especially the 500 m long northern one, have modified the littoral drift in a particular way: on the
northern coastline, the breakwater causes more accretion and thus an extension of the sand deposition; on the
southern coastline instead, because the breakwater blocks the waves that should reach the coastline, the eroding
action of the ocean is incredibly high and the city of Praia Barra and Costa Nova suffered of loss of land in higher
rates than the one which occur along the Portuguese coastline. The eroding action of the ocean results to increase
related to the closeness to the southern breakwater. The breakwaters also are continuously exposed to the wave
eroding action, influencing their stability and efficiency in the past and possibly in the future.

fig. 33 - Impact of breakwaters on
Littorall Drift
(own production)

fig. 33 - Impact of breakwaters on Littorall Drift
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In fact the more depth is registered, the higher the waves that affect the area; so in the case of the breakwaters,
the eroding action of the waves is deepening the bottom, which lead to an increase of the wave height and
consequently to an increase in the power of the waves that shatter on the breakwaters. Climate change and its
impact on sea level rise would contribute to strengthen the currents affecting the coastline of Ria de Aveiro in
the next century. This process continues cyclically since more wave action lead to more erosion, which lead to
more wave action and so on. The increased wave action on the breakwaters, accelerating the erosion of their base,
would eventually result in a collapse of the breakwaters. The collapse of the breakwaters would have really crucial
consequences:
-

-

The access to the entire lagoon would be neglected for ships, shutting down all the commercial 		
routes especially during periods of bad weather;
The breakwaters do not protect only the entrance into the lagoon but also prevent flooding in the
coastal touristic cities and a collapse would generate flooding in Praia Barra and Costa Nova,
eventually worsening the actual flooding occurrences in the area;
The hydrodynamics of the entire lagoon would be modified in an unpredictable way, since the inlet
is the unique connection that the lagoon has with the ocean.

fig. 34 - Flood dominance in Littoral Drift

fig. 34 - Flood dominance in Littoral
Drift
(own production)
fig. 35 - Ebb dominance in Littoral Drift
(own production)

fig. 35 - Ebb dominance in Littoral Drift

45

2.7 - TOWARDS THE
LANDSCAPE UNITS

The dynamics analysis presented shows how the three dynamics are correlated with each other. In fact,
it appears clear that tidal fluctuations and freshwater inputs are strictly bonded and influence the whole estuarine
lagoon due to the contrasting water sources which causes the establishment of very different vegetation patterns.
A hypothetical change in the actual conditions of one of the two, being freshwater inputs or tidal fluctuations,
would have direct repercussion on the landscape and its composition. Water levels and salinity would change;
vegetation and animal presence would change; land use and economic stakes would change. It is evident the
instability and the delicate balance which is present among these two dynamics, demonstrated by the increased
tidal amplitude registered in recent years and by the important difference in salinity patterns registered between
summer and winter. Human activities regarding these dynamics have a relevant influence since both dynamics are
in a way dependent on the economic stakes of the lagoon: freshwater inputs are strongly affected by productions
which limit the river discharge into the lagoon; tidal fluctuations are strongly affected by the inlet channel which
is indispensable for the trading activities of the lagoon.

Coastal circulations instead are presenting a more stable balance: they affect only the coastline of the
lagoon, and present characteristics related mostly on erosion and sedimentation; they are related with the tidal
fluctuations but, since these are not modified by an inlet channel being present on the coastline, their impact is
much more controllable and stable. Human activities on the coastline which would influence this dynamic are
represented by the construction of breakwaters, causing a change in the erosion and sedimentation patterns,
but having basically no effect on the tidal fluctuations. Also, both tidal fluctuations and coastal circulations are
saltwater dynamics. A change in one of the two would not have relevant impact on the landscape in terms of
vegetation, animal presence, economic activities or land use, compared with a change in the contrasting waters
dynamics.

46

fig. 36 - Landscape units section
complete
(own production)

2.8 - LANDSCAPE UNITS

fig. 36 - Landscape units section complete

The previous paragraphs evidence how the landscape characteristics of Ria de Aveiro are strictly bonded
with the landscape dynamics affecting the estuarine lagoon. These dynamics have a different impact on the
landscape depending on the position of the considered area in the lagoon context. For instance, the areas located
in between the coastline and the estuarine lagoon are affected by coastal circulations and tidal fluctuations;
the soil is mostly composed by sand and sediments carried on by the water currents along the centuries; the
landscape present the characteristics and vegetation typical of a dunal landscape. At the same time, the coastal
areas located within the estuarine lagoon borders are affected only by tidal fluctuations and freshwater inputs,
since the ocean currents and its dynamics affect only the coastline. This intertidal zone, which presents an
extremely variable landscape due to the influence of the salinity patterns on vegetation and animal presence,
possesses different characteristics and dynamic influence then the dunal zone. Moreover, there are also zones
which are not influenced by the tidal fluctuations, due to their elevation above the high tide level. These areas then
represent a third cluster located in the hinterland zone of the estuarine lagoon, not in contact with water currents
and affected only minimally by the dynamic of freshwater inputs.
These different features present in the landscape of Ria de Aveiro suggest a classification of the
landscape into three main landscape clusters, or units. The main distinction among those units is dependent on
the landscape affection by the lagoon’s system dynamics. These units are:

DUNAL LANDSCAPE UNIT

Includes the coastal areas in between the lagoon borders and the coastline, thus affected by tidal fluctuations and
coastal circulations; mainly sandy soil; affected only by saltwater dynamics; dunal vegetation.

INTERTIDAL LANDSCAPE UNIT

Includes the coastal areas located within the lagoon borders, affected by tidal fluctuations and freshwater inputs;
soil composed by mud, silt and clay; affected by saltwater and freshwater dynamics; variable landscape with
vegetation affected by salinity patterns.

HINTERLAND LANDSCAPE UNIT

Includes the areas located inland above the high tide level, affected only by freshwater inputs and dynamics; the
soil is composed by clay and silt; continental landscape composed by cultivations and native vegetation.
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DUNAL LANDSCAPE UNIT
This landscape unit includes the areas in between the lagoon and the Ocean. These areas established on
the sandbar of sediments which generated the lagoon during the last 500 years. Due to its formation of erosion
and sedimentation, the soil is composed mostly by sand, transported on the coastline by the littoral drift. In return
of this landscape formation, the area is very flat with few height differences and elevations, varying between +10
m and +/-0 m ASL. This feature makes the area vulnerable to flooding from two landscape processes, namely
tidal fluctuations and littoral drift, since the water could propagate inland without natural barriers represented by
elevations both from the lagoon and the Ocean. The presence of sand in the soil stimulated the growth of dunes
which generate, by the protection against atmospheric occurrences, a multitude of valuable ecosystems. Flora and
fauna are in direct relation with this protection, offering a landscape with a continuous changing character. Flora is
arranged in gradient, starting from almost no vegetation in the marine environment reaching woodland vegetation
in the most dune protected areas; fauna is composed by birds and mammals in small size, such as rabbits and
muskrats, but their location is strongly influenced by human presence.

D1 - SANDY OUTER DUNE LANDSCAPE
This landscape subunit includes all the areas in direct contact with the ocean, which offer the possibilities
of coastal recreation. These areas occupy a surface of about 4 km 2, located mostly in proximity of the urban
outposts along the coastline in order to attract tourists, and their elevations vary from +/-0 m and + 5 m ASL.
These areas are completely exposed to the landscape processes and are the first ones to suffer during flooding
occurrences. Most of these areas are composed of sand, deposited by wave and wind action that create a sandbar;
vegetation includes small pioneer plants in the sandbar, while in the coastal border dune grass develops in small
shrubs.
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D1

D2

D3

D4

D2 - DENSELY VEGETATED DUNE LANDSCAPE

fig. 37 - Dunal landscape unit section

This subunit comprehends dense vegetated areas which developed into a complex pattern due to the
atmospheric occurrences protection offered by the dune formation or by the cities such as Sao Jacinto and Praia
Barra. These areas are located between the sandy outer dune landscape (D1) and the urban outposts on the dune
(D4), occupying a surface of about 10 km 2; the landscape is mostly flat, varying in elevation between + 5 m and
+ 10 m ASL. In this unit are hosted protected natural parks, such as the Natural Reserve “Dunas de São Jacinto”,
which stimulated the inhabitants to organize activities within the protected zones to attract visitors and generate
awareness into people about the importance in ecological terms that these areas possess (LAGOONS, 2011).

D3 - CULTIVATED DUNE LANDSCAPE
2

Within this landscape subunit cultivated fields are present, occupying a surface of about 12 km and
located mostly in the buffer area between the dune formation, in the periphery of the urban outposts along the
coastline. Their elevation is completely flat and their elevation is stable at + 5 m ASL. These areas are used mostly
for wheat cultivations, besides being not very fertile due to the soil composition of sand and saltwater. As all
the cultivations present in the lagoon, also these are treated with a massive use of pesticides which damages the
natural ecology but increases the productivity. These areas are not very important in the economy of the whole
lagoon, even though they represent a relevant element locally.

D4 - DUNAL CITY: SAO JACINTO
fig. 37 - Dunal landscape unit section
(own production)

Also urban settlements established on the sand dunes. Most of these cities, like Praia da Barra, Costa
Nova and Sao Jacinto, developed to exploit the touristic chances that the location offers. These outposts evolved
as a result of the wealth of Aveiro, and in small part generated their identity: in Praia da Barra is located the tallest
lighthouse of Portugal; Costa Nova presents unique buildings, called “Palheiros”, which have their façade made
of horizontal or vertical wood panels, colored alternatively in white and bright colours; in Sao Jacinto there is a
2
Military Paratroopers Base established on 1918. This sub-unit occupies a surface of 3 km and, being located in the
proximity of water bodies, they present few height differences, varying from + 5 m and +/-0 m ASL. These cities
are not densely built-up: most of the houses are quite low, with maximum three stories, and used during summer
periods for vacation, even though some entered in the culture of the lagoon, such as in Costa Nova.
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I1

INTERTIDAL LANDSCAPE UNIT
This landscape unit comprehends all the areas located in proximity of the internal lagoon’s borders, thus
influenced directly by the tidal fluctuations. Among this landscape unit a wide variety of features are present,
which makes those areas the locations of the most remunerative activities in the whole lagoon.

Culturally speaking, this unit presents the traditions, historical buildings and structures, ecologically
valuable areas that make the subunits to have unique characteristics which are strongly dependent on their
connection with water. The terrain elevations of this unit vary between + 15 m and - 35 m ASL, including the
lagoon’s channels and inlet. The land is mostly flat, due to its particular formation, and composed by sediments
mixed with clay, sand and mud, depending on the location. In this unit are present the cultivated fields, the
historical cities such as Aveiro, the productive cities such as Gafanha de Nazare’, the active productions of salt
and aquaculture, the abandoned areas and the lagoon’s channel and inlet.

50

I3

I2

I3 - PRODUCTIVE CITY: GAFANHA DE NAZARE

fig. 38 - Intertidal landscape unit section part 1

This landscape subunit includes the urban outposts and harbours located in proximity of Aveiro which
possess the same characteristics of the historical city regarding the landscape process affection, meaning the
tidal fluctuations. These urban outposts developed for supporting the wealth of Aveiro, and thus they have not
the same importance of Aveiro in the traditional culture. However, especially in the last 50 years, they became
indispensable for the economic wealth of the area. These areas are very flat, and their elevations vary between +
5 m ASL of the residential area and +/-0 m ASL of the unloading locations in the harbors. The main of these cities
is Gafanha de Nazare’, in which is present a commercial harbor that represents the most remunerative activity in
the lagoon. It is considered one of the most important ports in Portugal, especially in regards of metal products
transportation and liquid cargo naval shipping. The liquid cargo naval shipping is an activity which requires
elevated standards of security, since most of the times those liquids are extremely polluting, such as oil and
dangerous chemicals. It is also one of the main hubs of transportation, since it covers about 6% of the total fishing
commerce of Portugal (LAGOONS, 2011). These cities occupy a surface of 8.5 km 2, of which 1.5 km 2 are specific
for the commercial harbor. These areas are well connected but, as registered in the historical city of Aveiro, this
network is relegated only to car transport, neglecting and discouraging sustainable transportation. The structures
present in the commercial harbor for cargo unloading are massive, reaching heights of + 30 m ASL, and the ships
arriving constantly in the harbor are even higher. These ships, in order to navigate properly, require a very deep
channel and this is the reason why the bathymetry of these areas is so different from the rest of the lagoon.

I6 - NATURAL AREAS

fig. 38 - Intertidal landscape unit
section part 1
(own production)

As discussed in Chapter 2.1 of this Thesis report, the tidal wetland of Ria de Aveiro present nowadays
in the lagoon is a result of the landscape processes affecting the area in the last 500 years. Along the centuries,
sediments have been constantly deposing on the lagoon bed creating several islands of soil, sand, clay and
mud. These emerging islands started to be populated by animal and plant communities, which transformed the
conglomerates of sediments into complex ecosystems. This landscape unit is very extensive, covering a surface
of 30 km2, and is present in the saltwaters close to the inlet channel as long as in the freshwaters close to the
river Vouga mouth. The elevations of these areas vary between + 5 m and +/-0 m. Nowadays these areas are not
accessible anymore safely; few of these areas are accessible only by boat but it could be problematic, since the
bathymetry is constantly changing and presents several areas submerged during high tide and exposed during low
tide. The vegetation of this landscape unit is really various, and thrives in direct relation with the water salinity
present in the lagoon.
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I6

I4 - ACTIVE PRODUCTION AREAS
The intertidal lagoon’s wetland, composed by islands of sediments which are cyclically exposed to open
air and submerged by water, offer the optimal conditions for the salt production, using the method of evaporation
(Chapter 4.4 of this Thesis report). This activity has been really remunerative until 1960, and salt production sites
were prospering in several parts of the lagoon, providing alone for all the national salt requests and even exporting
since the 12th century. The production of salt is the most traditional activity carried on by the inhabitants of
2
Aveiro, evidenced also by the extensive surface of the lagoon (25 km ) in which the production sites were located.
This activity was mostly concentrated in the area of the lagoon in proximity of Aveiro. However, due to the drop
of salt price registered on 1960, the activity of salt productions has been gradually abandoned, together with the
former production sites, and nowadays the surface of these active areas is about 3.5 km2, subdivided through
different productions. Besides being extensively abandoned by the inhabitants of the lagoon, the activity of
salt production is still carried on in a small scale always using the same traditional methods. In fact nowadays
only 8 of the former maximum amount (550) are active while in 1970 the activity shifted towards aquaculture
fish-cultivation, in order to make these areas profitable again. The production permitted in these areas is only
non-intensive, producing mainly sea-breams, sea-basses and turbots (LAGOONS, 2011). The active aquaculture
production sites surface is about 2.5 km 2and their elevations vary between + 5 m and +/-0 m. The active and
former production areas are mostly concentrated in proximity of Aveiro, but few of them were located at the
beginning of Mira channel. Also these production sites shifted the production from salt to bivalve aquaculture,
specifically the Japanese oysters (Crassostrea Gigas) and the clam (Neto, 2011).

I5 - ABANDONED AREAS
However, most of the areas that were used for salt production are left abandoned. More than 500 sites, covering a
2
surface of 6.5 km , and the relative wall structures erected for salt production are gradually eroding and collapsing
due to the increased tidal amplifications registered during recent years. Depending on the abandonment period,
the wall structures are present or not; they are also invaded by plant and animal communities, transforming
gradually those areas into natural areas. These areas, as the natural areas, are completely inaccessible except by
boat, even though the navigation results difficult due to the uncertainties of the lagoon’s depth which is constantly
changing. The elevation of these areas varies between + 3 m and +/-0 m ASL.
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I5

I4

fig. 39 - Intertidal landscape unit section part 2

These newborn natural areas, being concentrated in the former salt productive areas, present the
conditions of the development of salt marshes and this landscape subunit is gradually taking over and expanding
as long as the sites are left abandoned. However the structure of salt production walls, which have an important
cultural meaning, since they represent an element of tradition for the inhabitants of the lagoon, influences the
tidal fluctuations which result to be mitigated. The vegetation then could establish in more dense patterns, offering
more possibilities to animals. Moreover, the structures of salt production walls regulate the waterflows and
provide several benefits for birds. In these areas, birds could find not only food for longer periods than in the salt
marshes, but also shelter and optimal nesting conditions.

I7 - HISTORICAL CITY: AVEIRO

fig. 39 - Intertidal landscape unit
section part 2
(own production)

The historical city of Aveiro is a landscape subunit in itself since it presents unique characteristics and
represents the most important urban outpost which possesses traditions that influence the whole region. It is
the oldest municipality in the region, dated 10th century, counting a population of 78450 inhabitants. The city of
Aveiro expanded starting from the original main church, Saint Michael Church, demolished on 1835, which was
situated in the actual Republic Square. Spreading from the historical centre the city expanded inland and towards
safer higher locations. The most culturally valuable elements of this landscape unit are in direct contact with the
lagoon and its hydrodynamics. In fact, the historical centre is the most important location in the city, because
cultural activities and particular buildings that are located here: it is possible to explore the canals of the centre
by boat or the narrow streets by walk; enjoy the mild weather in the many parks and gardens in the city; visit the
museums and historical churches in order to get involved with the identity of the lagoon. The historical centre
of Aveiro is completely accessible by walk and is well-maintained, with characteristic streets which immerges
the visitor into a particular experience. The recreational possibilities are reinforced by the boat trip around the
city channels, as long as numerous squares and parks, which offer to the visitors several chances of recreation
within the city. It is the main attraction centre of the whole lagoon and thus is connected very well with the
other cities located in its proximity. However, this connectivity is relegated only to car transport; other means of
transportation are somewhat not considered. There is an evident lack of sustainable connection, even in the city
centre. The only available opportunities are confined in the northern area of the lagoon, from Murtosa to Ovar.
The historical centre of Aveiro occupies a surface of about 1 km 2 , only a small part of the total city surface of 12
km 2 , and is an area not densely populated. The historical buildings are not taller than three stories, which are in
contrast with the more modern buildings located in the peripheral areas used for residential purposes. Also the
historical buildings are used for dwelling, but some of them are museums or attractions for tourists. The elevations
vary between + 5 m of the historical centre, and + 15 m ASL of the peripheral areas.
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H1
I7

HINTERLAND LANDSCAPE UNIT
This landscape unit includes all the areas in the lagoon proximity which does not have interactions with
the threatening dynamics of tidal fluctuations and coastal circulations. In fact these areas are influenced by the
freshwater inputs and thus by the eventual freshwater flood only which causes soil erosion. Being in a height of +
5 m minimum and reaching even higher elevations such as + 30 m ASL, is the landscape with the oldest formation
and until 1500 was in contact with the ocean. The soil of this landscape is composed mainly by clay and presents
slopes of different kind, from gentle to steep. The main freshwater inputs are located in this landscape unit,
making those areas perfect for the establishment of intensively cultivated fields and urban settlements such as
Cacia or Murtosa. Moreover, in this landscape unit are located the forested areas, which represent one of the most
ecologically valuable territory of the whole lagoon.

H1 - SUPPORTIVE CITY: ILHAVO
This hinterland landscape sub unit of Ria de Aveiro comprehends the urban outposts which are not
influenced by the tidal fluctuations. These urban settlements developed differently than the ones in contact with
water, focusing mostly on generating wealth by agriculture and particular productions. For example the city of
Ílhavo is strictly related with the industry of porcelain Vista Alegre that was founded in the city and it is still active,
as long as the small city of Cacia in which is present a paper factory known in the entire region. Ílhavo is wellknown also because in this city is located 60% of the production and preparation of “Bacalhau”, the traditional
Portuguese codfish, which is exported in all Europe. However, these urban outposts are far less important than
the ones located in the coastal zone because they were founded as a support for the trading activities located in
Aveiro and because they are not influenced by tidal fluctuations and flooding. They occupy an area of 15 km 2 and
are not very densely populated, besides offering to the inhabitants of the lagoon affordable residential areas. The
elevation of these cities varies between + 10 m and + 25 m ASL.
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H3
H2

H3 - FORESTED AREAS

fig. 40 - Hinterland landscape unit section

The forested areas in the hinterland landscape unit of Ria de Aveiro are located in the highest elevations,
mostly inland and not in direct contact with urban outposts. They occupy an area of 3 km 2 , relatively at the
northern borders of the lagoon, prevalently in between the cities of Ovar and Murtosa. They are mostly located
in the highest points of the lagoon, increasing from at least + 30 m ASL.
The soil is mainly composed by stratus of clay and rocks, presenting slopes relatively steep due to their position in
the hills above Aveiro. The forested areas present a very complex habitat, in which several communities of plants
and animals thrive. They are dominated by eucalyptus (Eucaliptus Globulus) and maritime pine (Pinus Pinaster)
and the animals present are mostly mammals, since birds prefer the intertidal area of the lagoon which offers more
opportunities of forage. The forested areas are relatively inaccessible, and thus the human presence is completely
absent. Sometimes they are flooded by freshwater coming from the rivers and thus they are influenced only by
soil erosion.

H2 - AGRICULTURAL FIELDS

fig. 40 - Hinterland landscape unit
section
(own production)

The agricultural fields are located mostly on the borders between the intertidal and hinterland landscape
unit. They differ from the relative on the intertidal by their cultivations, crops and wheat, and by the absence of
tidal fluctuations influence, which causes saltwater flood. They represent the majority of the cultivated areas, with
a surface of 25 km 2 and their elevation vary between + 15 m and + 5 m ASL. These areas are not very fertile, due
to the intense use of pesticides which decreases massively the plant biodiversity, inducing a controlled vegetation
and where the animal presence is almost neglected. The primary sector is mainly located around Murtosa, since
in these areas this activity is somewhat a tradition, with almost half population of the area employed in this
sector. The agricultural fields had never been used intensively by the inhabitants of Ria de Aveiro, since they
preferred to focus on the more remunerative activities of salt production, fishing and trading. Due to this aspect,
the agriculture of the lagoon developed within the urban outposts not in connection with water bodies, such as
Estarreja and Murtosa. Also these areas are flooded only by freshwater coming from the rivers, making these
areas susceptible uniquely by soil erosion.
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2.9 - THE LANDSCAPE AS
IT IS
DUNAL LANDSCAPE UNIT

D1

D2

D3

D4

INTERTIDAL LANDSCAPE UNIT

I1

I2
fig. 41 - The landscape as it is
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2.10 - HAZARDS
1908

1990

TIDAL AMPLIFICATION
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+ 1.20 m
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+ 0.75 m
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+ 1.45 m
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+/- 0.00 m

2.50 m
Based on the landscape+dynamics
analysis and on the consequent classification of the landscape into
+ 1.30 m
+ 0.60 m
units and sub-units, it appears clear
how
the
composition
of the landscape is strictly
related to the water dynamics
+/- 0.00 m
+/- 0.00 m
affecting the lagoon. Different water salinities and fluctuations influence vegetation, animal presence and
human activities, resulting into a landscape which adapted to the dynamics to thrive. This dependability, which
characterized the estuarine lagoon’s landscape for centuries, is likely to influence the lagoon also in the centuries
CHANNEL BED
CHANNEL BED
CHANNEL BED
to come. For this reason, to predict the possible future landscape composition of Ria de Aveiro, it is needed an
understanding of the possible future occurrences regarding the water dynamics of the estuarine lagoon.

Being a fundamental element in the lagoon context, the water dynamics have been extensively researched
by Aveiro University, especially by the Physics Department led by Prof. Joao Dias and for this reason the NMEC
Laboratory (Nucleo de Modelacao Estuarina e Costeira) has been established. The group of researchers involved
in the Laboratory developed the project ADAPTARia (Dias et Alves, 2013) aimed to the prediction of the possible
future water dynamics affecting the estuarine lagoon on 2100. The project involves the elaboration of very accurate
hydrodynamic models, extensively tested and calibrated, which consider the effects of climate change and the
consequent sea level rise expected in the next 100 years combined with the intensification of the dynamics
affecting the estuarine lagoon illustrated in previous paragraphs of this Thesis. The undeniable support that Prof.
Joao Dias and his team of researchers provided for TIDAL
this Thesis
report revealed the most probable hydrodynamic
AMPLIFICATION
TIDAL AMPLIFICATION
+ 2.60characteristics
m
+ 2.47
TIDAL AMPLIFICATION
characteristics
which are expected to be present on 2100. These
would influence the landscape
ofm
+ 1.20 m
the estuarine lagoon and evidence the threats that the landscape would suffer in the future. For these reason,
the future flooding maps generated by the hydrodynamic model of NMEC Laboratory have been analyzed and
+ 3.20 m
+ 3.28 m
confronted with the landscape
units to understand the potential HAZARDS
that would impact the estuarine
lagoon’s landscape in the next century.
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fig. 42 - Tidal characteristics on 2018 in Ria de Aveiro
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CORE HAZARD – Tidal amplification
CORE HAZARD – Salt pan walls erosion
CORE HAZARD – Littoral drift
COLLATERAL HAZARD – Flooding of marginal areas during high tide
COLLATERAL HAZARD – Navigation restrictions during low tide
COLLATERAL HAZARD – Salinity and Sedimentation in Mira Channel
COLLATERAL HAZARD – Flooding of agricultural fields in river Vouga mouth

fig. 41 on previous page - The
landscape as it is
(own production)
fig. 42 - Tidal characteristics on 2018 in
Ria de Aveiro
(own production)

CH

Each one of these considered hazards identified in Ria de Aveiro is discussed and analysed in order to
provide an extensive explanation of the different situations and what repercussions in the future those hazards
could cause. The classification of the possible future dynamics of Ria de Aveiro into hazards define the causes
that would affect the landscape in the next century. As discussed in Chapter 1.5 of this Thesis Report, this
classification appears necessary since in Ria de Aveiro is needed a different approach towards flooding issues, an
approach which does not contrast the causes of flooding but instead adapts to the causes. The hazards would
be seen from a different perspective, resulting into an approach that would seek for solutions, transforming
the hazards into chances.

Legend of fig. 45
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fig. 44 - Total tidal prediction on 2100
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fig. 44 - Total tidal prediction on 2100
(own production)
fig. 45 - Hazards relation with saltwater
and freshwater flood prediction
(own production)
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fig. 45 - Hazards relation with saltwater and freshwater flood prediction
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2.11 - CORE HAZARD:
TIDAL AMPLIFICATION
Analyzing the flood risks and the impact that modifications in the landscape dynamics would have on
the lagoon, the tidal amplification expected to occur in the next 100 years is the most threatening. This is because
the tidal amplifications would impact considerably the hydrodynamics of the lagoon with the devastating effect
of saltwater flooding, while the increased coastal erosion and freshwater discharges would affect limited portions
of the lagoon. In Chapter 2.4 of this Thesis Report the tidal fluctuations are discussed and analysed in depth,
exposing the evolution of the TIDAL AMPLITUDE, TIDAL PHASE and TIDAL ASYMMETRY in Ria de Aveiro.
All those aspects were subject to substantial modifications during the last century mainly due to the dredging
activity in the principal lagoon channels and in the inlet channel. These modifications generated repercussions
in the whole Ria de Aveiro, where more and more areas are being reclaimed by the tidal action and economic
stakes are being threatened (Lopes et al, 2013). In recent years the tidal cycle affected strongly the coastal
lagoon, generating unexpected floods during winter storms on 2011 and 2012, occurring in the city of Aveiro and
inundating the houses of the inhabitants (Houdijk, 2012).

The analysis of the flood risk for the next century confirms this trend; in fact it is predicted a sea level
rise of 0.63 m, which increase the level of high tide until + 3.91 m ASL, while the low tide would reach + 1.44 m
ASL. Not only, there would be a considerable increase in the water levels from 20 to 30% in neap tides (values
between + 1.73 m and + 1.88 m ASL) and from 8 to 25% during spring tides (values between + 4.22 m and + 4.89
m ASL), depending on the distance from the inlet channel. Thus the TIDAL AMPLITUDE would result between
+ 3.16 m ASL maximum and + 2.34 m ASL minimum. Results of the same simulation show that these increases
in TIDAL AMPLITUDE are directly connected to a decrease in TIDAL PHASE. Regarding TIDAL ASYMMETRY,
the increase of the tidal prism will lead to an intensification of the difference between the EBB-DOMINANT
channels and the FLOOD-DOMINANT ones. The strengthening of the EBB-DOMINANCE in the inlet and in the
central area of the lagoon increases the process of sediments export into the ocean, while the strengthening of
the FLOOD-DOMINANCE enhances the rates of sedimentation in the relative channels; the combined effect will
be a continuous increase of the difference between the extremes, which will modify and enhance the processes
above mentioned of TIDAL AMPLITUDE and TIDAL PHASE.

TIDAL PRISM
WATER VOLUME
DIFFERENCE
BETWEEN HIGH
AND LOW
TIDE
HIGH TIDE
LEVEL
LOW TIDE
LEVEL
CHANNEL BED

fig. 46 - Tidal prism diagram
As evidenced by the hydrodynamic model prediction, the intertidal landscape unit and its sub-units
would be affected extensively. In fact, the predicted sea level rise of 0.63 m would extend this landscape unit
towards the hinterland landscape unit. Having a higher tidal amplification means more flooded areas and thus
more areas at risk of destruction. The agricultural fields in the river Vouga mouth would suffer saltwater intrusion,
while almost the totality of the abandoned productions as long as the natural areas would become permanently
flooded, destroying completely productive, ecologically and culturally important landscapes.
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fig. 46 - Tidal prism diagram
(own production)

The cities of Aveiro and Gafanha de Nazare’ would be affected by flooding too, generating inestimable
cultural loss and having repercussions on tourism and on the commercial activities, but mostly on the inhabitants.
In the commercial harbor it would have even more impact, not only for the economic stakes that would be
destroyed, but also for the risk of accidental pollution. The commercial harbor of Ria de Aveiro is one of the
most important in Portugal and inevitably sometimes treats delicate shipping and handling of chemicals and
combustibles. So the flooding in this area could represent a very high potential threat to the whole ecosystem
of the estuarine lagoon. Flooding would impact also other urban outposts such as São Jacinto and Murtosa.
Especially the area of São Jacinto will suffer an expected loss of land of 6 km2, which will include also several
portions of the natural reserve “Dunas of São Jacinto”.

Legend of fig. 48
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fig. 48 - Saltwater and freshwater flood prediction
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2.12 - CORE HAZARD:
SALT PAN WALLS
EROSION
The TIDAL AMPLITUDE illustrated in the previous paragraph would have repercussions not only on a
landscape unit scale but also on the landscape subunit scale. In fact, as depicted by the predictions generated
with the hydrodynamic model, the areas most interested by loss of land would be the intertidal landscape
unit, specifically in the abandoned and natural areas in between the navigable channels of the lagoon. These
landscape subunits and the remaining walls, which were constructed more than 800 years ago, are already
eroding and collapsing due to the increase in the tidal fluctuations registered in the last 100 years. As evidenced
by Picado (2008), due to the lack of maintenance which contributed to this deterioration, most of those former salt
production sites are inaccessible anymore. Even though the former salt production sites would be transformed
at first into natural areas, the increased currents would become too strong leading ultimately to a complete
disappearance of the area. The expected loss of land expected in the next 100 years for the natural areas would
be about 40%, concentrated mostly in the former salt production sites, which would suffer a land loss of about
70%.

Besides, according to Picado et al (2009), the collapse and complete erosion of these sites would lead to
a “significant increase of the flooding area in Ria de Aveiro, and therefore will affect the lagoon’s hydrodynamic
regime” (p. 1399). In fact, this deterioration would increase the TIDAL PRISM of about 5% for spring tides, and
of 6% for neap tides. The largest increase of approximately 36% occurs in the neap tide situation in Espinheiro
channel, close to the city of Aveiro. Moreover, the lagoon’s flooded area would increase of 5,6%. This means that
the expected average values for spring tide and for neap tide illustrated in the previous paragraph would even
increase, reaching levels between + 1.82 m and + 1.96 m ASL for neap tide and between + 4.42 m and + 5.08 m
ASL for spring tide.
The current speed would increase with increased flooding area of approximately 6 to 7%, for spring tide
and neap tide respectively. An analysis more in detail of the water speed show that, in the areas in which the
collapse of the salt production sites is simulated, the water velocity increases significantly. The increased water
speed will result into greater erosion values in these channels, leading them to a probable future enlargement.

According to Dias (2001) and Picado (2008), the amount of water that enters through the tidal fluctuations
in Ria de Aveiro is directly related to the amount of space in terms of land that is available to the flood to spread.
The salt production sites erosion are a perfect example of this process: until 1960 the salt production sites were
active and thus blocking the tide, reducing the land available for the spread of the flood because it was confined
for the salt production; but when they started to be abandoned, the erosion process opened the way to the
flood and allowed flood spread in areas that were previously neglected. This flood spread in areas which were
protected provided more space in which the water currents would propagate, thus generating an increase in TIDAL
AMPLITUDE.
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Legend of fig. 50
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fig. 49 - Total tidal prediction on 2100
fig. 49 - Total tidal prediction on 2100
(own production)
fig. 50 - Saltwater flood prediction on
intertidal landscape unit
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fig. 50 - Saltwater flood prediction on intertidal landscape unit
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2.13 - COLLATERAL
HAZARD: FLOODING ON
MARGINAL AREAS
The expected increase in the tidal fluctuations would have repercussions on the extreme tidal settings
of spring and neap tide. The increased TIDAL AMPLITUDE would extend the gap between these two extremes,
resulting in higher high tides (spring tides) and lower low tides (neap tide). Regarding the higher high tides
expected, the landscape subunit of agricultural fields located from the western borders of Murtosa until the
2
Laranjo Basin would be affected by saltwater intrusion, covering an area of 20 km .
However, currently in this area is not registered actual flooding, meaning that the protection system
is almost at its limits but in the future, if countermeasures are not implemented, flooding will occur with the
previsions shown in the image. The southern borders of Ovar would suffer land loss of 18 km2 , but the level of
risk appears to be less than in more sensitive areas identified, due also to its distance from the inlet channel, in
which the tidal fluctuations are more prominent.

In the city of Torreira also, located in the last portion of the São Jacinto Channel, is expected to suffer
from tidal amplifications loss of land, which would be of 3 km2 , interesting the agricultural fields for 1 km 2 .
This land loss would affect almost all the borders of the lagoon, especially in the more shallow areas in which
are present few height differences. In fact, this occurrence enhances the inland propagation of the flood, resulting
to be extensive; however, even a small decrease of the TIDAL AMPLITUDE would have beneficial effects on this
hazard.
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fig. 51 - Saltwater flood prediction on marginal areas
fig. 51 - Saltwater flood prediction on
marginal areas
(own production)

Legend of fig. 51
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2.14 - COLLATERAL
HAZARD: NAVIGATION
RESTRICTIONS
The expected increase in the difference between the different tidal settings would have repercussions
also on the navigability of the lagoon. Due also to its shallowness, the current tidal settings of the lagoon already
affect the navigable portions of the channels, resulting to be very different from each other. In fact, analyzing
the tidal settings flooding maps, several channels especially in the former salt production sites and in the lagoon
borders are inaccessible during several hours during the day.
This hazard results to be very important for local populations and fishermen who want to use the lagoon
waters for recreational, sports and professional purposes. During the low tide, the water retires exposing the
shallow areas to the air; locals cannot navigate during 2-3 hours around each low tide, therefore restricting their
activities. The predicted increases in the TIDAL AMPLITUDE would then even more constrain the navigability
of the lagoon. The Espinheiro and Ílhavo Channels would be mostly affected, as long as several parts of the São
Jacinto Channel and minimally the Mira Channel.

The former salt production area, in which are present shallow creeks, would become completely
inaccessible not only for humans but also for animal and fish communities, resulting into a landscape strongly
affected by this hazard. This is combined with a non-clear hierarchy among the small channels that are present in
this zone, which during low tide even more reduces the accessibility of a large number of areas distributed by the
entire lagoon. This hazard has never received attention due to its recent occurrence. The increase in the TIDAL
AMPLITUDE registered in the last 30 years contributed in large part to the generation of this hazard and could
potentially be extremely restrictive for the inhabitants to access those areas.
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fig. 52 - Saltwater flood prediction on channels
fig. 52 - Saltwater flood prediction on
channels
(own production)

Legend of fig. 52
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2.15 - CONCLUSION

fig. 53 - Impact of flood prediction on landscape units section
As evidenced by the hazard description, the threats for Ria de Aveiro are multiple and interconnected.
Specifically, the main problems are directly related to the predicted increases in the TIDAL AMPLITUDE that
would foster a subsequence of occurrences potentially catastrophic for the wealth and livability of the lagoon.
These occurrences would affect the lagoon in total as long the singular landscape units identified through the
analysis. The impacts are summarized below:
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-

A considerable increase in the TIDAL PRISM from 20 to 30% in neap tides (values between + 1.73 m 		
and + 1.88 m) and from 8 to 25% during spring tides (values between + 4.22 m and + 4.89 m) in the
whole lagoon.

-

The salt pan wall deterioration would increase the TIDAL PRISM of about 6% for neap tides (values
between + 1.82 m and + 1.96 m) and of 5% for spring tides (values between + 4.42 m and + 5.08 m).

-

The TIDAL PHASE would decrease with increased flooding area of approximately 6 to 7%, for
spring tide and neap tide respectively.

-

The TIDAL AMPLITUDE would result between + 3.16 m maximum and + 2.34 m minimum in average,
reaching between + 3.26 maximum and + 2.46 m in the areas in proximity of collapsed salt pan walls.

-

Land loss: 18 km . Agricultural fields, 4 km ; cities, 2 km ; commercial harbor, 1 km ; abandoned
areas, 3 km2 ; natural area, 8 km2 .

-

Navigation restrictions during the low tide. The water retires exposing the shallow areas to the air for
2
22 km ; navigation and access is neglected for 2-3 hours around each low tide.

2

2

2

2

fig. 53 - Impact of flood prediction on
landscape units section
(own production)

The hazards would impact the landscape units, generating general shifts among the landscape units (for
example the intertidal landscape unit taking over the dunal and hinterland landscape unit) and more specific shifts
among landscape subunits (for example the lagoon channels taking over the natural areas). These occurrences are
illustrated below and represented graphically, together with the general impacts:

-

Reducing the dunal unit, substituted by intertidal unit (I taking over D)
Flooding city on dune (D4), cultivated dune (D3), densely vegetated dune (D2), sandy outer dune (D1)
Reduce size of city on dune (D4), cultivated dune (D3), densely vegetated dune (D2),
sandy outer dune (D1)
Increase size lagoon channels (I2).

INTERTIDAL LANDSCAPE UNIT

-

Extending upwards the border with hinterland landscape unit (extending I over H and D)
Flooding productive city (I3), abandoned areas (I5), natural areas (I6), historical city Aveiro (I7)
Reduce size productive city (I3), abandoned areas (I5), natural areas (I6), historical city Aveiro (I7)
Increase size lagoon channels (I2), natural areas (I6) over abandoned areas (I5)

HINTERLAND LANDSCAPE UNIT

-

Moving upwards the border with intertidal landscape unit (I taking over H)
Flooding agricultural fields (H2)
Reduce size agricultural fields (H2)

DUNAL LANDSCAPE UNIT

-
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PART 3
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THE PROCESS
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3.1 - ACHIEVING SAFETY

This chapter represents the first sub-phase of the Research-Through-Designing which is undertaken in
order to attempt a solution to the previously illustrated actual and future problems in the Ria de Aveiro lagoon.
As specified in the Methodological framework Chapter, this first part of the design investigates what kind of
interventions could be implemented in the totality of the lagoon and what would be their impacts on the landscape
units in present and in the future. This phase of the design activity aims to answer to the sub-research question
3:
-What (technical) interventions are available to protect the landscapes of Ria de Aveiro and which of
these are the best, assessed in safety terms? --- > SAFETY

This stage of the design activity thus must consider the totality of the lagoon, proposing interventions
at the correct scale, namely the “lagoon scale”, in order to understand the repercussions of these possible
implementations on the whole lagoon. In fact, this part of the design is aimed to create a PROCESS rather than
a FORM. For this reason, the solutions presented are addressing the technical aspects of the design and how,
through the use of the previously illustrated landscape dynamics, it could be possible to protect the lagoon from
flood threat. This part of the design related to safety has to be tackled first, in order to obtain different solutions
that have the same precondition: protection. This is the main issue for the lagoon, and proposing an intervention
which does not protect the units and does not have a positive impact on the lagoon hydrodynamics appear
pointless.
As evidenced in the Chapter 2.15 of this Thesis Report, the flooding threat in Ria de Aveiro is caused
and will be caused mainly by increases in the TIDAL AMPLITUDE. The first and main objective is to achieve
SAFETY, meaning approaching the present and future flooding occurrences at a “lagoon” scale to generate
possible solutions which would reduce the TIDAL AMPLITUDE in the whole lagoon, acting on the landscape
process causing the flooding and not on the flooding occurrence.
Thus, in order to protect the lagoon from flood, the TIDAL AMPLITUDE, together with the TIDAL
PRISM, have to be reduced.
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fig. 54 on previous page - Satellite
image of Ria de Aveiro Lagoon
(adapted from: https://www.google.nl/
maps/)

In fact, the TIDAL AMPLITUDE expected in the next 100 years in Ria de Aveiro would not only create
more flooding in the landscape units, but it would enhance the features of all the interconnected hazards. So, an
intervention which involves a reduction of the tidal amplitude would be beneficial for all the hazards identified.
In fact, the TIDAL AMPLITUDE expected in the next 100 years in Ria de Aveiro would not only create
more flooding in the landscape units, but it would enhance the features of all the interconnected hazards. So,
an intervention which involves a reduction of the TIDAL AMPLITUDE would be beneficial for all the hazards
identified. Reducing the TIDAL AMPLITUDE would mean then reducing the difference between high tide and
low tide, by lowering the high tide average level and by increasing the low tide average level. Lessening the gap
between high tide and low tide would make the lagoon safer, more controllable and less affected by hazards. It

Reduce the marginal flooding occurrences in river Vouga mouth, by reducing the high tide
		level;
-

Increase the navigability opportunities, by increasing the low tide level;

-

Define with more certainty the lagoon borders;

Reduce the TIDAL ASYMMETRY, which is the tide tendency towards ebb- and
		
flood-dominance, attenuating the processes of erosion and sedimentation in the
		channel beds.

Even though the protection effectiveness emerges as the main goal of this design, there are also other
aspects that have to be taken into consideration while confronting the possible solutions to flooding in Ria
de Aveiro. In fact, the secondary objective of this research requires that, depending on the opportunities and
restrictions created by the implementation of the intervention, the solutions should be integrated in the landscape
and offer added values, in order to promote and valorize the relevant elements identified in the lagoon. Thus, the
possible solutions have to be compared considering not only the effectiveness in the tidal amplification reduction,
but also the impact that they would have on the landscape units as long as the costs and the opportunities that
eventually would be created by the implementation of the relative solution.
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3.2 - LAGOON SCALE
SAFETY MODELS
As explained in the previous paragraph, in this phase of the design the focus would be on the creation of
a process rather than a form. The analysis of the landscape dynamics (Chapter 2.2 of this Thesis Report) as long
as the hazard analysis (Chapter 2.10 of this Thesis Report) suggest three possible interventions, or MODELS, that
could be implemented in order to obtain a result process which decreases the tidal amplification expected in the
next 100 years.

DIKE PROTECTION ALONG THE LAGOON’S BORDERS
This model arises for several reasons: first of all, it respects the line of action undertaken by the
Portuguese government and the Aveiro University in order to protect the agricultural fields from flooding;
secondly, it will provide an opportunity to illustrate the downside of this approach. In fact, to prevent the flooding
of these sensitive areas a concrete dike is currently on construction, which is a continuation of the already built
first part during the last decade and will be completed on 2025. This dike protection system would be integrated
with other interventions aimed to restore the river banks and to the valorization of the protected areas for tourism
and recreation (Dias and Alves, 2013). However, an intervention of this kind would result in immediate advantages
in the short term but only localized in the area intended to be protected, while in the long term would simply
shift the flood occurrence somewhere else (Dias, 2015). Thus this intervention, in order to be effective on the tidal
protection, has to be constructed along all the lagoon’s borders otherwise the flood protection would not reduce
the TIDAL PRISM.

INLET CHANNEL SEDIMENTS REFILL

This model aims to decrease the depth of the lagoon entrance. This solution arises from the dynamics
analysis illustrated in Chapter 2.2 of this Thesis Report, showing that the increases in the TIDAL PRISM registered
since 1988 until 2016 are in relation with the increases in the inlet channel depth due to engineering activities
performed and to the enhanced erosion of the lagoon bed. The inlet channel depth increased from 10 m in
average to 25 m in average, with peaks of even 35 m in the areas most affected by bed erosion, while the TIDAL
AMPLITUDE increased from 1.20 m on 1994 to 2.47 m on 2016. The direct relation between these two aspects
evidence that reducing the inlet channel depth would reduce also the TIDAL AMPLITUDE affecting the lagoon
(Dias, 2015).
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LAND RECLAMATION IN DISAPPEARING LANDSCAPE
This model emerges from the hazard analysis on the erosion of former salt production sites, explained in
Chapter 2.12 of this Thesis Report, relating increases in the TIDAL AMPLITUDE with the progressive abandonment
of salt production sites which allow the TIDAL WAVE to propagate through the formerly confined areas. This
process can be reversed by neglecting the inundation into these abandoned sites, reducing consequently the space
available for water to flood. In fact, a land reclamation which includes those areas would prevent the flood, literally
“pushing” the water away from the lagoon, thus reducing the TIDAL AMPLITUDE (Dias, 2015).

In order to understand the effectiveness of every intervention, the NMEC Lab hydrodynamic model has
been used to obtain the flood prediction for the next 100 years, simulating the flood occurrences in relation to
the model adopted. The outcome of these models is represented among two different aspects: the expected tidal
prism that would occur in the lagoon in the next 100 years, in order to understand if and until what extent the
solution tested would reduce the expected TIDAL PRISM on current conditions (252 mm3 /s); a flooding map of the
lagoon updated to the different proposed solutions, in order to understand how the eventual flood would spread in
the lagoon area and consequently define the strengths and weaknesses of the different solutions compared with
each other and with the current situation.

These three possible solutions represent three different approaches that would have as a result the
reduction of the TIDAL AMPLITUDE. These three models are not mutually exclusive, instead they could be even
complementary. It means that hypothetically they could be implemented at the same time, since each model
focuses on different areas of intervention: the first model would intervene on the dikes along the lagoon’s borders;
the second model would intervene on the depth of the inlet channel; the third model would intervene within the
INTERTIDAL LANDSCAPE UNIT. However, they are kept separated in order to understand the implications of
every specific approach on the estuarine lagoon’s landscape dynamics.
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3.3 - DIKE PROTECTION ALONG
THE LAGOON’S BORDERS

The first model that is tested in order to reduce the flooding area prevision is the dike protection
along the lagoon borders. For this intervention, the NMEC Lab hydrodynamic model has been modified only by
elevating the lagoon borders until a safe height level of 6 m, resembling a dike implementation which neglects the
water propagation inland. However as the Chapter 1.5 of this Thesis Report shows, an intervention of this kind
presents relative advantages in the proximity of the newly allocated implementation, moving the flood occurrence
in another place. Protecting certain areas and allowing the flood to spread in other areas would inevitably create
a loss of land, which is not acceptable. Thus the dike protection intervention has to be implemented on all the
perimeter of the lagoon in order to be effective (Dias, 2015). Through the dike heightening solution testing, the
results of the expected TIDAL PRISM and the relative flooding map are collected. The model prediction expects:
3

3

- A TIDAL PRISM of 232 mm /s compared with the original value of 252 mm /s, showing a reduction
of about 8%.
- A flood propagation completely neglected on the inland part of the lagoon and a very important		
increase in the flood propagation in the INTERTIDAL LANDSCAPE UNIT.
This tested occurrence, as predicted by the NMEC Lab hydrodynamic model, presents several
implications. The expected TIDAL PRISM reduction of 8% would reduce the TIDAL AMPLITUDE of about 0.15
m, thus fulfilling the protection objective to a decent extent; the TIDAL AMPLITUDE would eventually decrease
to about 1.66 m. Considering these values, the expected average high tide level would be + 5.11 m ASL, while the
expected average low tide level would be + 3.45 m ASL. However, analyzing more in detail the flood prediction,
this intervention would have contrasting features.
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fig. 55 - Dike protection along lagoon’s borders section
On one hand the dike heightening fulfills its purpose, in fact the flood prevision would not be present
within the protected area; on the other hand, all the non-protected intertidal area would suffer an extreme
increase in the return period of the flood probability. According to the simulation for this intervention, the flood
probability that is expected to occur within the INTERTIDAL LANDSCAPE UNIT in present conditions for the
next 100 years would be present within 25 years, which would lead to a total disappearance of the INTERTIDAL
LANDSCAPE UNIT and the former salt production sites.

IMPACT ON LANDSCAPE UNITS

fig. 55 - Dike protection along lagoon’s
borders section
(own production)

The analysis of the impact that this intervention would have on the landscape units evidences several
critical features. Regarding the TIDAL AMPLITUDE, the hydrodynamic model testing shows an expected
decrease of about 8%; however, the flooding map evidence an increased return period of the flood, specifically
in the INTERTIDAL LANDSCAPE UNIT. The presence of these features suggests then that the expected TIDAL
AMPLITUDE reduction of 8% would only increase the average level of low tide, since the flooding area will not be
reduced. Consequently the average water level in the INTERTIDAL LANDSCAPE UNIT would increase, with the
highest increases registered on the average low tide level. This aspect especially is threatening since an increase
in the average low tide level means that some areas, which nowadays are partly flooded and partly exposed such
as the natural areas, would be permanently flooded, becoming technically a channel.
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As evidenced from the section, this increase would inundate constantly the INTERTIDAL LANDSCAPE
UNIT, and in particular all the sub-units present in the lagoon. The active productions of salt and aquaculture
would have to adapt to these new worsened conditions of the lagoon by reinforcing their protection in order
to continue the activity; the abandoned areas and the natural areas would disappear by eroding the remaining
former salt pan walls that nowadays offer a slight protection. Having an increased average water level then would
intensify the eroding currents towards the lagoon bed, leading to an increase of the depth, and towards the
former production walls, leading to even more increasing currents. Despite resulting evidently inefficient in
protecting the INTERTIDAL LANDSCAPE UNIT, this intervention appears to be highly beneficial in protecting the
HINTERLAND LANDSCAPE UNIT and to some extent also the DUNAL LANDSCAPE UNIT. The dike protection
in fact would completely neglect the flood spread in several areas that nowadays are part of the INTERTIDAL
LANDSCAPE UNIT, thus shifting the boundary of the “protected” HINTERLAND LANDSCAPE UNIT towards
the inner lagoon. Also the DUNAL LANDSCAPE UNIT would show a similar result, thus moving the boundary
towards the INTERTIDAL LANDSCAPE UNIT.

STRENGHTS AND WEAKNESSES
The impacts on the landscape units for this solution evidence that there would be an increase in the
surface of protected land in the HINTERLAND LANDSCAPE UNIT, along with an extreme loss of land in the
INTERTIDAL LANDSCAPE UNIT. The protected land would offer the lagoon new areas which could be used for
cities expansion or for increasing the agricultural productions. Also, the dike intervention would represent an
element located at the junction between two very different landscapes, thus interesting in the light of landscape
developments. The dike could be implemented as an attractive point which permits the visitors to appreciate the
lagoon landscape in contrast with the protected one. However, despite these advantages, this intervention would
require about 200 km of dike protection that would have to resist the predicted tidal occurrences.

Thus the expense for this intervention would be extremely high, considering the fact that it has to be
implemented along all the lagoon borders and also in the INTERTIDAL LANDSCAPE UNIT active productions in
order to provide the continuation of their activities. For the same reason, it cannot be constructed in phases since
it would not protect effectively the other areas while the implementation is progressing. Moreover, the presence
of such strong element would destroy the gradual shift from the INTERTIDAL LANDSCAPE UNIT towards the
HINTERLAND LANDSCAPE UNIT.
The natural areas with different plant and animal communities in relation to the water salinity patterns
and to the different tidal characteristics would disappear under the intensified water currents expected. Biodiversity
would be tremendously affected, since it is the gradual diversity and variability of the landscape which made those
areas an inestimable element of the lagoon.
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Legend of fig. 56

fig. 56 - Dike protection along lagoon’s
borders plan
(own production)
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fig. 56 - Dike protection along lagoon’s borders plan

77

3.4 - INLET CHANNEL
SEDIMENTS REFILL

The second model that is tested in order to reduce the flooding area provision is the inlet channel
sediments refill. For this intervention, the NMEC Lab hydrodynamic model has been adapted, specifically only by
changing the depth of the entrance channel from the current 35 m to 20 m. All the other lagoon channels would not
be interested by the intervention for several reasons: the average depth of all the lagoon channels, except the inlet
channel, is about 5 m and never reaching a higher depth of 10 m, meaning that those channels impact minimally
on the TIDAL AMPLITUDE on the lagoon; there is a direct relation between the TIDAL AMPLITUDE increases
registered in the last 30 years and the increases in the inlet channel depth. Thus this intervention would reduce
the TIDAL PRISM by restoring the maximum inlet channel depth to the 1988 value of 20 m, actually reducing
the volume of water that could enter in the lagoon for each tide which is dependent on the inlet channel depth
(Berendregt et al. 2009). Through the model testing of this solution, the results of the expected TIDAL PRISM
and the relative flooding map were collected. The model prediction showed:
3

3

- A TIDAL PRISM of 201 mm /s compared with the original value of 252 mm /s, showing a
reduction of about 20%.
- A flood propagation effectively reduced in all the landscape units of the lagoon, specifically on the
HINTERLAND LANDSCAPE UNIT and in the INTERTIDAL LANDSCAPE UNIT.
This tested occurrence, as predicted by the NMEC Lab hydrodynamic model, presents several implications.
The expected TIDAL PRISM reduction of 20% would reduce the TIDAL AMPLITUDE of about 0.36 m, resulting
to be very efficient and resulting into a TIDAL AMPLITUDE of about 1.45 m. Thus the expected average high tide
level would be + 4.90 m ASL, while the expected average low tide level would be + 3.45 m ASL.
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fig. 57 - Inlet channel sediments refill section
This result is remarkable, since a minor intervention in the inlet channel would have high repercussions
in the lagoon context. As evidenced by the flood probability for this scenario, a reduction of the TIDAL PRISM
would lead to a reduction of the expected floods in the next 100 years, protecting the lagoon by preventing the
tidal force to inundate the lagoon.
Considering also the flooding prediction map, this intervention would reduce significantly the flooding
occurrences in all portions of the lagoon, especially in the more flat areas in contact with water. As discussed in
Chapter 2.8 of this Thesis Report, the relatively gentle slopes in these areas allows the flood to spread extensively
because it does not encounter any barrier; but on the other hand, even if an increase on the high tide average level
would present critical flood spread, then even a slight decrease on the high tide level would present important
flood spread reduction.

IMPACT ON LANDSCAPE UNITS
fig. 57 - Inlet channel sediments refill
section
(own production)

Also the analysis of the impact that this intervention would have on the landscape units evidences
critical features that would affect the lagoon. Regarding the TIDAL AMPLITUDE, the hydrodynamic model testing
shows an expected decrease of about 20%, and comparing this value with the flooding map suggests that this
intervention would modify the landscape dynamics in the correct way. In fact through this intervention the average
level of high tide would decrease of half of the TIDAL AMPLITUDE reduction (0.18 m) while the average level of
low tide would increase of the same value (0.18 m), resulting into the current expected flooding map. The section
evidence how the expected occurrences tested with the NMEC Lab hydrodynamic model would behave in relation
with the different landscape units.
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The reduction of 20% on the TIDAL AMPLITUDE would consequently decrease the average water level,
generating a shift from the HINTERLAND LANDSCAPE UNIT towards the INTERTIDAL LANDSCAPE UNIT,
similar to the previous tested intervention. However, this shift would be less important than the previous one
since this intervention does not provide a dike protection on the lagoon borders. With the same features, also the
DUNAL LANDSCAPE UNIT would shift towards the INTERTIDAL LANDSCAPE UNIT.
The flooding map depicts a decrease in the flood expectation in the INTERTIDAL LANDSCAPE UNIT,
meaning that almost all the intertidal sub-units would benefit extensively from this intervention. In fact, the active
productions would not require an improvement of the actual dike protection that ensures their activities. Also
the abandoned areas, most of them nowadays “natural” areas, would suffer less flooding occurrences, thus these
areas would be more protected; these areas would experience a change in vegetation, which would presumably
grow into a more established ecosystem. However, there is also a very negative impact on the INTERTIDAL
LANDSCAPE UNIT, specifically on the B3 Commercial City Intertidal sub-unit.
The commercial harbor emerged in support of the lagoon’s economic growth and became one of the
main ship transportation hubs of Portugal. This activity evolved continuously throughout the last 50 years,
stimulating the dredging interventions performed in the lagoon’s inlet channel in order to allow the modern ships
to reach the unloading locations. In fact in the last 50 years the cargo ship sizes increased more than 1200%, and
nowadays the full loaded ships have a draught between 16 m and 18 m, requiring an underkeel clearance of 9 m,
meaning that the lagoon’s bed has to be at least 25 m deep (Serban et al, 2015). This precondition appear clearly
in contrast with the proposed TIDAL AMPLITUDE reduction intervention, since the restoration of the lagoon’s
inlet channel depth to 20 m would neglect the harbor access to the modern ships.

STRENGHTS AND WEAKNESSES

Considering the impacts on the landscape units, this solution evidences a very significant mitigation of
the TIDAL AMPLITUDE in all the landscape units identified. This occurrence shows 20% TIDAL AMPLITUDE
reduction and it would protect land from flooding which could be used for different purposes. Besides not being
as much protective as the Dike Heightening in the Lagoon Borders (Chapter 3.3 of this Thesis Report), this solution
would offer possibilities of developments for agriculture, by establishing cultivated fields, or for future cities
expansion. Most of the areas that would be protected are now cultivated with rice, and possibly the reclaimed
land would be used for the same purpose. Considering the costs of the intervention, this solution would be quite
cheap in relation to the effects that it would have on the totality of the lagoon.
In fact, just by filing the inlet channel bed, the currents would be mitigated and the flood threat would be
sensibly reduced. Being a relatively cheap solution could be beneficial since the funds could be redirected towards
other interventions of requalification in the lagoon. However, the establishment of this solution would prohibit the
access of modern transportation ships to the commercial harbor for goods unloading.

This occurrence would considerably affect the economy of the whole lagoon, downgrading the
commercial harbor from one of the main Portuguese international hubs to a national commercial port unable to
fulfil the docking requests, causing job losses and affecting directly the inhabitants. Thus, besides presenting
clear advantages to the landscape units, this solution would affect considerably one of the main elements for the
economy of the lagoon.
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Legend of fig. 58

fig. 58 - Inlet channel sediments refill
plan
(own production)
N
3 km

1.5 km
750 m
0

750 m

2.25 km
2.25 km

4.5 km

7.5 km

fig. 58 - Inlet channel sediments refill plan
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3.5 - LAND RECLAMATION IN
DISAPPEARING LANDSCAPE

The third model is based on the establishment of a land reclamation in the INTERTIDAL LANDSCAPE
UNIT, specifically in the totality of the former salt production areas. Also for this tested occurrence the NMEC
Lab hydrodynamic model has been adapted, by simulating the presence of a dike system which would neglect the
potential flood to spread within the intervention.
This occurrence seems to be similar to the Dike Heightening in the Lagoon Borders (Chapter 3.3 of this
Thesis Report), however the two interventions differ on the location in which they are established and on the
features of the singular elements. The Dike Heightening in the Lagoon Borders focuses on the protection of land
towards the hinterland landscape unit, in order to prevent flooding in those areas; instead, the Land Reclamation
discussed in this Chapter focuses on the protection towards the INTERTIDAL LANDSCAPE UNIT, specifically
towards the former salt production areas. In fact, the former salt production areas are distributed unevenly into
the INTERTIDAL LANDSCAPE UNIT, separated by channels and water passages which define their boundaries,
thus the intervention would be constituted of multiple clusters of protected “islands” (Dias, 2015). Through the
land reclamation in the INTERTIDAL LANDSCAPE UNIT solution testing, the results of the expected TIDAL
PRISM and the relative flooding map are collected. The model prediction expects:
- A TIDAL PRISM of 230 mm 3 /s compared with the original value of 252 mm 3 /s, showing a
reduction of about 8,5%.
- A flood propagation completely neglected on the INTERTIDAL LANDSCAPE UNIT, specifically
on the former salt production areas, and a decrease in the flood propagation in the other
INTERTIDAL LANDSCAPE UNIT or in the DUNAL LANDSCAPE UNIT and HINTERLAND LANDSCAPE
UNIT.
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fig. 59 - Land reclamation in disappearing landscape section
The obtained results, as predicted by the NMEC Lab hydrodynamic model, present particular features.
The expected TIDAL PRISM reduction would be of about 8,5%, affecting the TIDAL AMPLITUDE that would
be decreased of 0.16 m resulting into a value of 1.65 m. Considering these values, the expected average high tide
level would be + 5.00 m ASL, while the expected average low tide level would be + 3.35 m ASL. The obtained
flooding map demonstrates the effectivity of the intervention in the lagoon context: dangerous flooding would be
completely prevented within the reclaimed land, while at the same time the flooding occurrence would decrease
also in other landscape units.

IMPACT ON LANDSCAPE UNITS

fig. 59 - Land reclamation in
disappearing landscape section
(own production)

Analyzing the impact of this intervention on the landscape units, multiple considerations emerge.
Regarding the TIDAL AMPLITUDE, the hydrodynamic model testing shows an expected decrease of about 8,5%,
affecting the landscape dynamics as depicted in the flood map. In fact through this intervention the average
level of high tide would decrease of half of the TIDAL AMPLITUDE reduction (0.08 m) while the average level
of low tide would increase of the same value (0.08 m), resulting into the current expected flooding map. The
section shows the repercussions that this intervention would have on the different landscape units. The expected
reduction of 8,5% in the TIDAL AMPLITUDE would cause a shift in the HINTERLAND LANDSCAPE UNIT,
which would move towards the INTERTIDAL LANDSCAPE UNIT. Also the DUNAL LANDSCAPE UNIT would
extend towards the INTERTIDAL LANDSCAPE UNIT, stretching it from both sides. Comparing the stretch for
this solution with the other interventions, it results that the former would be of the less extent; nevertheless, this
shift protects mostly agricultural fields, and is located in the HINTERLAND LANDSCAPE UNIT - INTERTIDAL
LANDSCAPE UNIT junction.
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As evidenced also by the flooding map obtained for this solution, the threatening occurrence would be
reduced in all the sub-units. The sub-units located in between the HINTERLAND LANDSCAPE UNIT and the
INTERTIDAL LANDSCAPE UNIT would be protected by the reduction of the TIDAL AMPLITUDE, meaning the
agricultural fields and the historical city. Within the INTERTIDAL LANDSCAPE UNIT, the expected decrease in
the TIDAL AMPLITUDE would reduce the flood occurrence by stretching the extremes of low tide and high tide,
thus defining with more certainty the lagoon borders; it would protect the commercial city, reducing its flooding
occurrence but not affecting its activities by channel depth modifications; it would protect extensively the former
salt production sites by reclaiming the disappearing land.

STRENGHTS AND WEAKNESSES
Analyzing the impacts on the landscape units, this solution evidences a mitigation of the TIDAL
AMPLITUDE in all the landscape units identified. In this solution, the protection would be mostly focused on
the INTERTIDAL LANDSCAPE UNIT but the benefits would have effects also in the HINTERLAND LANDSCAPE
UNIT and DUNAL LANDSCAPE UNIT.
Through this intervention, there would be present a vast area of reclaimed land that could be used
for multiple purposes, such as for intensify the production of the already present salt and aquaculture. The
INTERTIDAL LANDSCAPE UNIT, which possesses inestimable characteristics, could also become an attractive
point that offers a unique experience. Animal and plant communities would benefit extensively of this solution,
being protected by flooding that could endanger their habitats.
Moreover, this intervention would reinforce the still present but eroding salt pan walls that represent
an element of the lagoon culture. Thus, by protecting the INTERTIDAL LANDSCAPE UNIT, several interesting
occurrences would be present that offer opportunities of landscape developments towards different goals.
Considering the expensiveness of this solution, it would require a minimum of 15 km of dikes if all the tested land
would be reclaimed at once; however, depending on how the design phase would be tackled, the costs would
increase proportionally with the length of the dikes implemented.
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Legend of fig. 60

fig. 60 - Land reclamation in
disappearing landscape plan
(own production)
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fig. 60 - Land reclamation in disappearing landscape plan
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3.6 - MODELS
COMPARISON
Comparing the results obtained through the different solution testing, it appears clear that the third
option, namely the lands reclamation in the INTERTIDAL LANDSCAPE UNIT, would offer the most benefits
to all the landscape components and to the future ecological and economic opportunities, by reducing the
TIDAL AMPLITUDE expected in the next 100 years. In fact, even though the other two solutions present several
opportunities for landscape developments and both reduce the TIDAL AMPLITUDE, the conditions in which
those interventions would be realized are unacceptable.
The first solution would protect mostly the HINTERLAND LANDSCAPE UNIT effectively by neglecting
the flood to spread, but on the other hand this intervention would cause a complete disappearance of the
INTERTIDAL LANDSCAPE UNIT and its unique features. The second solution would seem to tackle the problems
in a very effective way, since the expected TIDAL AMPLITUDE reduction for this punctual intervention would be
of about 20%. However, this solution would influence the stakes of the commercial harbor and it would affect the
economy of the whole lagoon by neglecting the modern transportation ships to reach the unloading locations.

Instead the third option presents benefits in all the landscape units. This solution would reduce the
TIDAL PRISM, without interfering with the stakes and activities of the commercial harbor and even increasing
the future ecological and economic opportunities in the reclaimed land. Reclaiming this land among the former
salt production sites would stop the erosion of the salt pan walls; it would be cheaper than reclaiming land in other
areas, since a part of the historical dike system is still present and could be recovered and strengthened; it would
then give back to these eroding and disappearing value a new meaning, a new purpose, in order to be used again
and even promoted for their renewed utility.
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DIKE HEIGHTENING
IN LAGOON BORDERS

INLET CHANNEL
SEDIMENTS REFILL

LAND RECLAMATION
IN DISAPPEARING LANDSCAPE

-8%

- 20 %

- 8,5 %

+ Possible city expansion
+ Increase agricultural production
+ No flood in protected areas
+ Improvement on lagoon’s borders

+ Partial protection intertidal landscape unit
+ Cheap intervention
+ Mitigated water currents
+ Increase agricultural production

--

-

Extremely expensive
Destry ecological wetland
Water currents intensification

Extremely dangerous for the economy of
the lagoon

+ Complete protection intertidal landscape unit
+ New activities in reclaimed land
+ Creation of historical - cultural attractive points
+ Cultural values preserved
+ New meaning on disappearing landscape
+ Possibility of Added values

fig. 61 - Comparative sections of the 3 options
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3.7 - LAND
RECLAMATION OPTIONS
The approach comparison presented in the previous Chapter (3.6) evidence that, amongst the investigated
possible ways of reducing the TIDAL AMPLITUDE, establishing a land reclamation in the INTERTIDAL
LANDSCAPE UNIT would present multiple benefits for the landscape units without endanger them.
In the context of Ria de Aveiro, a land reclamation is technically a confined area which aims to neglect
the flood spread within the intervention in order to obtain a reduction in the TIDAL AMPLITUDE in the whole
lagoon. In fact, as discussed by Dias (2001) and Picado (2008), the amount of water that enters through the tidal
fluctuations in Ria de Aveiro is directly related to the amount of space in terms of land that is available to the flood
to spread. And, as tested extensively by the NMEC Laboratory, a reduction in the space available to the flood to
spread would reduce the amount of water entering in the lagoon through the tidal fluctuations proportionally.
Consequently if, instead of reclaiming the land and thus neglect the flood spread, the area is treated with water,
for example by establishing channels in between the islands of reclaimed land, it would result into an increase on
the TIDAL AMPLITUDE (Dias, 2015).

Thus the relation between channels (Water) and reclaimed space (Land) have to be clarified, in order to
understand how this intervention could be implemented and to what extent these two contrasting features influence
each other. For this reason, three different options are elaborated and tested though the hydrodynamic model of
NMEC Laboratory to assess their effectivity in TIDAL PRISM reduction. These three options differentiate each
other by the size of the reclaimed islands, separated by channels in which is ensured the navigability by having a
depth of 5 m.

LAND RECLAMATION OPTIONS
The first option (from 255 mm3/s to 231 mm3/s – 8,5% reduction) that is presented considers the reclaimed
land as units as big as possible, in order to obtain the widest surface of reclaimed land. This intervention then is
composed of two clusters of reclaimed land, subdivided by the current channel disposition.

Legend of fig. 62, fig. 63, fig. 64
3

3

The second option (from 255 mm /s to 252 mm /s – 1,2% reduction) that is presented involves an extreme
separation of the reclaimed islands. This intervention aims to the subdivision of the same reclaimed land of the
first option by restoring the former channels in order to return to the traditional disposition of the channels and
productions. So in this option the land reclamations are several and in combination with the restoration of the
channels. The surface of the islands reclaimed then will be very variable and dependent on the former channel
division.
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fig. 61 on previous page - Comparative
sections of the 3 options
(own production)

fig. 62 - Widest surface option

fig. 63 - Extreme separation option

fig. 64 - Clustering option

The third option (from 255 mm3/s to 231 mm3 /s – 8,5% reduction) represents a combination of the
previous two, in fact the reclaimed land is subdivided dredging only few channels in between the area of interest,
using as much as possible the current channel configuration. This channel disposition arranges the island into
clusters with similar surfaces. From these options and their analysis, it could be derived:
- The shape and position of the reclaimed islands has a limited impact on the TIDAL PRISM reduction
- The more land surface is reclaimed, the more would be the TIDAL PRISM reduction
- The dredged channels in between the different islands have a intense impact on the TIDAL PRISM
reduction
- The more the dredged channels would respect the former configuration, the less would they
impact on the TIDAL PRISM reduction

fig. 62 - Widest surface option
(own production)
fig. 63 - Extreme separation option
(own production)
fig. 64 - Clustering option
(own production)

These conditions give an indication on how a land reclamation intervention could be implemented
within the INTERTIDAL LANDSCAPE UNIT, taking into account the first and primary objective of this research:
SAFETY. For this reason the second option cannot be chosen, because the channels configuration would contrast
the expected TIDAL PRISM, leading to an ineffective solution. The first and the third options offer the same
efficiency in reducing the TIDAL PRISM, even though they differentiate on the channels and island configuration.
In fact, the third option presents an area separation which could provide a gradual execution in steps, enhancing
the flexibility of the proposal which could be implemented. in this way the design could focus on the most
endangered areas first, while giving the possibility of an eventual expansion of the intervention in the future.
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THE MAKING
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4.1 - ACHIEVING
VERSATILITY
This chapter represents the second part of the design activity that is undertaken in order to attempt a
solution to the previously illustrated actual and future problems in the Ria de Aveiro lagoon. As specified in the
Methodological framework Chapter (1.7), this second part of the design investigates in what ways it would be
possible to obtain VERSATILITY by defining the features of the newly reclaimed land. Through this step, it is
intended to answer the sub-research question 4:

- How can the protective intervention be designed in a way which enhances the qualities of the
landscape and enriches its attractiveness? ---> VERSATILITY
The first design stage has been focused on the creation of several PROCESSES, which would protect the
lagoon in its totality from flooding, and an important result has been obtained. Amongst the solutions, the land
reclamation within the intertidal landscape unit has been proved to be the most effective in terms of protection.

fig. 65 on previous page - Satellite
image of Ria de Aveiro Lagoon
(adapted from: https://www.google.nl/
maps/)
fig. 66 - Currently disappearing
landscape on 2017 diagram
(own production)
fig . 66 - Currently disappearing landscape on 2017 diagram
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The main goal of this phase would be to create a FORMING PROCESS, meaning the understanding of
how different landscapes develop and the individuation of elements and features which would be necessary to
implement the desired landscape in the most “natural” way.
In this second phase the possible opportunities that could be created within the intertidal landscape
are explored; for this reason, the scale of the design should be narrowed from the lagoon scale of the previous
sub-phase to the island scale, which considers the totality of the former salt productive area. The selection of
the former salt productive area as a boundary arises from the landscape units. In fact, this area encompasses the
natural areas (B6), the abandoned areas (B5) and the active productions (B4), which has been proved to be the
most important sub-units in the INTERTIDAL LANDSCAPE UNIT.

The elaboration of a FORMING PROCESS would require a deeper understanding of the characteristics of
the landscape, in order to define the most suitable area for the design implementation. Consequently, the features
of the former salt productive area have to be investigated, considering the current conservation status and water
system; combining then these features with the threat of flooding which affects the area in present and in the
future, as explained in Chapters 2.4, 2.11 and 2.12, it would be possible to identify the areas which are more in need
of protection.

fig. 67 - Vanished landscape on 2100
diagram
(own production)

fig. 67 - Vanished landscape on 2100 diagram
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4.2 - A FORMING
PROCESS
The search for a VERSATILE solution, as stated in the related sub-design question, arises from the
awareness that the landscape needs to be protected from flooding and erosion while at the same time enhancing
the tidal character of the area. For this reason a static solution, such as a classic land reclamation intervention,
would be incomplete since it would generate two kinds of landscape profoundly different from each other.
In fact, it would create an artificial landscape in which could increase the spatial availability for
productions or an abandoned landscape in which nature would gradually take over until disappearance due to
the eroding currents affecting the landscape. These two different landscapes, one completely dry and the other
completely wet, would be in contrast with each other, denying the qualities of the INTERTIDAL LANDSCAPE
UNIT. and thus not “fitting” into the landscape as it is.

fig. 68 - Protected landscape on 2100 diagram
Instead a multi-faceted, versatile, dynamic solution would foster not only protection for certain areas,
but also would offer the opportunity to create your own desired landscape by controlling the tidal fluctuations
within the intervention. In fact, through the analysis it has been demonstrated how the tidal fluctuations are
indispensable and highly beneficial for the landscape, especially if these fluctuations are limited and constrained,
as it happens in the natural and abandoned areas. This is because the water in these areas would reside for more
time, allowing birds and organisms to use longer the landscape for foraging and offering a safer environment for
nesting.
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fig. 68 - Protected landscape on 2100
diagram
(own production)

fig. 69 - Active landscape on 2100 diagram
Thus, in order to preserve these characteristics, the tidal fluctuations have not to be neglected within
the land reclamation intervention, since its total disappearance would damage irreparably the ecosystem of
the lagoon. It would be preferable instead to allow tidal fluctuations within the reclaimed land, limited and
constrained in order to be beneficial for the ecosystems. The constriction and limitation of tidal fluctuations within
the reclaimed land would offer also the chance of integration in the intervention of remunerative productions, such
as for example oyster production, if within the reclaimed land are created the preconditions which need to be
present to implement the desired landscape.

fig. 69 - Active landscape on 2100
diagram
(own production)
fig. 70 - Versatile landscape on 2100
diagram
(own production)
fig. 70 - Versatile landscape on 2100 diagram
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Arranging a multiplicity of productions would enhance the importance of these areas in the lagoon
context. If these productions would be located in the eroding salt production walls area in the INTERTIDAL
LANDSCAPE UNIT, these activities would give back to the disappearing structures a meaning. This location
would reduce the expensiveness of the intervention, since the structural sub-division of the ponds is more or less
present; it would protect the salt production walls from the eroding action of the tidal fluctuations; it would offer
opportunities of cultural promotion by attracting tourists to visit the area. Being a representative element of the
salt production culture of the lagoon, the former salt production walls could be used for new purposes, depending
on their status of conservation:
- They could be integrated within the new dike structure of the reclaimed land
- They could be used again as divisors for the different ponds within the reclaimed land
- The well-preserved clusters could be considered as points of interest and attractions
Establishing attractive spots and activities among the former salt production area would be beneficial
also for the touristic sector, since this nowadays forgotten area would be available of visiting. The recreational
network could be exploited in relation to the new intervention, by creating a maintained route or path which
ensures the connection between the urban outposts and the intertidal area, and in relation to the recreational
possibilities in the whole lagoon context, since every attraction pole developed individually neglecting the
continuity of landscape experience. The position of the former salt productive area in the lagoon context could
offer the opportunity of creating this connection, representing the missing link which would unify the different
landscape units.

fig. 71 - Revived landscape on 2100
diagram
(own production)

fig. 71 - Revived landscape on 2100 diagram
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4.3 - FORMING PROCESS
ELEMENTS
As stated at the beginning of the Chapter, this phase of the design activity aims to develop a protective
intervention which would enhance the qualities of the landscape and enrich its attractiveness. Having this goal in
mind, it has been cleared that a land reclamation, if provided with the appropriate characteristics, could result into
a versatile landscape intervention. In fact, the solution illustrated in the previous Chapter defines the guidelines
towards this step of the research-through-designing activity. In order to implement the desired intentions, these
guidelines have to be translated into actual opportunities.
However these opportunities, in order result into the desired design intentions, should be schematized
in order to understand the priorities of determined features and to establish the elements which would require a
deeper understanding. The first issue and main precondition which is indispensable is related to the effectivity of
the land reclamation in reducing the tidal amplifications within the lagoon. For this reason, it is required a deeper
understanding on how to make dikes and dams; especially regarding resilient dikes, green dikes or even better,
resilient dikes which would resist to erosion.

fig. 72 - Forming process elements diagram
Secondly, the previous Chapter illustrated how the qualities of the INTERTIDAL LANDSCAPE UNIT
could be enhanced by allowing the flood within the reclaimed land, limited and constrained. Consequently, it is
required a deeper understanding on how to obtain this goal, specifically on how to design a sluice in the dikes
which would allow a certain amount of water to come in and out. Also, the allowance of tidal fluctuations within
the intervention demands a deeper understanding on how intertidal landscapes evolve and how to design them to
provide the optimal conditions for future landscape developments.
At the same time, by establishing multiple and different landscapes interacting each other, the
attractiveness of the area could be enriched. Especially, if the intervention would make use of the eroding salt
productive dikes, it would raise awareness on the importance which these now forgotten areas possess. For this
reason, it is needed a deeper understanding on how the former salt productive area has been conceived and on
its conservation status.

fig. 72 - Forming process elements
diagram
(own production)
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4.4 - SALT PRODUCTION
STRUCTURE AND STATUS
The production of salt, as discussed in Chapter 1.3 of this Thesis Report, has been for centuries the most
important remunerative activity for the inhabitants of Ria de Aveiro. The shallowness of the lagoon represents the
perfect location in which this production can take place, using the system of evaporation. Each salt production
site is composed by several ponds organized in units, which are arranged in compartments that store the waters
with different salinities. The compartments are of three different groups: from an inlet channel the saltwater
reaches the Supply Ponds, then passes to the Evaporation Ponds, ending into the Crystalliser and Condenser Ponds
(Rodrigues, 2011).
The Supply Ponds are the deepest ponds with the widest surface. The depth varies between 20 cm and
100 cm and they are used for storing the water in waiting before passing to the evaporation stage. They are the
first receivers of the ocean saltwater through an inlet channel, which allows the water inflow only on spring tides.
The supply ponds are classified in sequences depending on the stage of processing of the water inflow (Rodrigues,
2011).

1 - Viveiro
1-2
Supply
Ponds
2 - Algibes

Inlet
Channel

3 - Caldeiros

4 - Sobre
cabeceiras

The Evaporation Ponds are the second stage of processing and are the main ponds in which water
evaporation is occurring. They receive saltwater from the Supply Ponds and, when the water reaches a certain
density, is moved along the four different sub-ponds, which are positioned in sequence. In these ponds the depth
varies between 10 cm and 50 cm and the saltwater remains into this stage until it reaches about 1/10 of the initial
volume (Rodrigues et al, 2011). The last stage of salt production is composed by a system of Crystalliser and
Condenser Ponds, in which the very dense water is continuously moved within very small and shallow areas, in
order to maximize the evaporation of water. The depth of these ponds is only few cm and the saltwater remains
in this stage until the initial volume is about 1/40. All these different ponds are connected by a system of wooden
sluices, which are opened manually, or by the digging of small channels (LAGOONS, 2011). In Ria de Aveiro, the
salt productive area occupies 25 km 2 ; due to its extensiveness, the whole agglomerate of productive sites, called
“Salgado de Aveiro”, is subdivided by the main lagoon channels into five different groups, which define their
position in the context: Grupo de Monte Farinha, Grupo de S.Roque, Grupo do Norte, Grupo do Mar and Grupo
do Sul (LAGOONS, 2011)

5 - Talhos

3-4-5-6
Evaporation
Ponds

6 - Cabeceiras
7 - Meios de cima
8 - Meios de baixo
9 - Meios de cima
10 - Meios de baixo

Inlet
Channel

Marinha
nova
Marinha
velha

7 - 8 - 9 - 10
Crystalizer
Ponds

fig. 73 - Salt productive ponds sequence
In order to ensure the salt production until 1960, the productive landscape in section presented walls
high at least + 2.00 m, since the tidal fluctuations were reaching + 2.00 m on spring tide and +1.00 m on neap tide
(Costa, 1990). In fact, the former and eroding salt production walls are still visible during actual neap tides (+ 1.81
m). Moreover the elevations inside the productive areas, despite the activity of the pond as supply or evaporation,
are absent and kept at +/- 0.00. Maintaining the same depths between the different ponds ensures the water
passage between the ponds without the usage of pumps.
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fig. 73 - Salt productive ponds
sequence
(own production)

For centuries until 1960, salt has been widely used for food conservation, representing one of the safest
ways to store goods. However, the invention of domestic appliances caused a drop of the salt price in the world
market, since then it was not necessary anymore. In Aveiro, this occurrence resulted to be important, causing
in turn the abandonment of the salt productive sites. Nowadays, salt is mostly used for cooking, meanwhile
some people still uses the old conservation means. The progressive abandonment of the salt production sites
transformed this landscape and nowadays the totality of the salt productive area in Ria de Aveiro is composed
mainly by 3 landscape sub-units: the still active production sites (I4), the abandoned salt production areas (I5)
and the natural areas (I6). The active production sites (I4) are kept protected simply by the elevation of the existing
historical border dikes from + 2.00 m ASL to a safe level of + 5.00 m ASL, to prevent flood from spring tides (+
3.28 m ASL).

Legend of fig. 74

fig. 74 - Salt productive areas groups
(own production)
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fig. 74 - Salt productive areas groups
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Considering the salt productive areas, despite the height increase of the border dikes the technique and
especially the elevations within the confined area are unmodified. The aquaculture productive areas instead,
besides presenting the same intervention of dike heightening of the salt production sites, uses the former supply,
evaporation and condenser ponds for fish farming. Since this activity requires much more water than the salt
production, within the confined areas the pond divisor walls are submerged and the ponds are not separated
anymore. Being activities well established in the landscape, every production has a direct access to the lagoon
channels in order to claim independently the water needed for their activities by a system of sluices.

Legend of fig. 75
fig. 75 - Current situation of the salt
productive area groups
(own production)
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fig. 75 - Current situation of the salt productive area groups
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The abandoned salt production sites and the natural areas instead don’t present any modification on
the existing dikes. These two landscape sub-units represent the two stages of the salt production abandonment:
due to the lack of maintenance the former protective walls are progressively eroding, while vegetation and animal
communities occupy these areas and thrive, transforming the abandoned salt production sites into natural areas.
Then, depending on the water salinity present in that particular location, different plant and animal communities
could be found. In these areas, the submerged presence of former walls mitigates the impact of the tidal
fluctuations, offering a relatively protected environment that stimulates the establishment of different ecosystems.
However, the last stage would eventually be the transformation of the natural areas and the abandoned areas into
the lagoon channels, due to the increased eroding action registered in the last 30 years which would increase even
more in the future, as predicted by NMEC Lab in Ria de Aveiro.

Legend of fig. 76
fig. 76 - Saltwater flood prediction on
salt productive area groups
(own production)
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fig. 76 - Saltwater flood prediction on salt productive area groups
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4.5 - PROTECTIVE
NECESSITY
In order to identify the area which is most in need of a land reclamation intervention, the concept of
protective necessity is introduced. This concept is intended to be understood as fitness of determined areas
towards an intervention of protection. In fact, this concept arises while combining two main aspects: the spatial
configuration of the Salinas, which is composed by landscape sub units with different characteristics, as evidenced
in the previous Chapter (4.4); the present and future flood threats which would affect the Salinas, as evidenced in
Chapters 2.4, 2.11 and 2.12.
Being entirely located within the INTERTIDAL LANDSCAPE UNIT, the Salinas results to be composed
of three different kinds of landscape. As depicted from figure 75 in the previous page, the Salinas could be
completely protected and not affected by tidal fluctuations, as it happens for the still active productions; the
Salinas could be presenting water only during high tide, thus constantly inundating and exposing land, as it
happens for the natural areas, or could be almost permanently inundated, as it happens for the abandoned areas.

This feature means that, amongst the totality of the Salinas, the natural and abandoned areas are the
ones more in need of a protective intervention, since their status of conservation wouldn’t protect these areas
which would gradually disappear. Instead the active productions don’t need protection, since the traditional dike
system has been adapted and modified in order to resist to tidal fluctuations and allow the activity of production,
being salt or aquaculture.
However, considering the actual situation regarding the tidal fluctuations, it appears evident that some
abandoned and natural areas located towards the centre of the lagoon are affected widely by them, meanwhile
the ones located more towards the lagoon’s borders are somewhat protected. And considering the future flooding
predictions evidenced in the Hazard Chapter (figure 50), also these natural and abandoned areas located more
towards the borders of the lagoon would be affected intensively by the tidal force.

Legend of fig. 77
These conditions suggest that, in order to select the most suitable area for an intervention, the threatened
areas in present times should be considered first, leaving the other endangered areas for future plans. And
amongst the nowadays threatened areas, the most in need of protection results to be the abandoned and natural
areas. Combining these two features, it appears evident that the most suitable areas are located in the southwestern portion of the Salinas, specifically the ones located at the beginning of the Espinheiro channel.
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fig. 77 - Protective necessity on the salt
productive area groups
(own production)
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fig. 77 - Protective necessity on the salt productive area groups
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PART 5

104

THE FORM
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5.1 - ACHIEVING
SUSTAINABILITY
This chapter represents the third part of the design activity that is undertaken in order to provide a
solution to the previously illustrated actual and future problems in the Ria de Aveiro lagoon. During this phase of
the design activity, the issues that would be tackled are addressing the elaboration of a sustainable solution which
would answer the sub-research question 5:
- -How can the intervention revive the disappearing valuable elements of the lagoon, giving to them
a new meaning? --- > ADDED VALUES
The second design stage has been focused on the elaboration of a FORMING PROCESS which, considering the
intention of controlling the tidal fluctuations within the reclaimed land intervention, led to a final design area
selection. During this phase the focus would be prevalently on the FORM and how the elements needed for
fulfilling the design intentions could be designed. For this reason, the scale of the design would be narrowed
down from the island scale of the previous phase to a pond scale, in which are considered the singular eroding
walls and ponds in detail, in order to define technical aspects of the design, as long as their applicability into the
selected design area.
As evidenced by the reference designs illustrated in the Appendix of this Thesis Report (Chapter 7.3), the
prospering of the reclaimed land treated with a CRT (Controlled Reduced Tide) System would be dependent on
the characteristics of the sluice that should ensure the water interchange between the lagoon and the FCA (Flood
Control Area). In fact, these features would define the water levels that could be designed within the reclaimed
land. Also, the design area should not be treated as a unique landscape which could be used only for one purpose
but should present an inner area division in order to provide the implementation of multiple landscapes with
different characteristics.
The realization of both aspects would require then a design of a CRT sluice between the lagoon
and the FCA, to ensure the water interchangeability between the lagoon and the FCA, and a design of a CRT
sluice between the different parts within the FCA, to ensure the water interchangeability between the different
elements of the FCA. Determined these features, it would be possible to settle with more certainty the water levels
within the FCA and consequently to design the newly created landscape in a more efficient way.
The landscape which would be generated by the implementation of sluices is then presented at different
scales. At first it is explained the design concept and how the totality of the area could be considered as a whole;
secondly, the totality of the area has been subdivided into 3 different parts which are illustrated separately at the
relative scale; at last, are illustrated some focus areas in which develop attractive spots and particular activities.
All of those interventions, which consists of several parts of a whole, represent the elements of the design which
would together define a revived landscape.
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Legend of fig. 79
fig. 78 on previous page - Satellite
image of Ria de Aveiro Lagoon
(adapted from: https://www.google.nl/
maps/)
fig. 79 - Current situation of the salt
productive area groups
(own production)
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fig. 79 - Current situation of the salt productive area groups
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5.2 - MAIN SLUICE
DESIGN
In order to design the main sluice which would provide water exchange between the lagoon and the FCA,
several constraints have to be taken into account. As explained in Chapter 7.3 of this Thesis Report (Reference
Designs), the elaboration of a sluice of this kind is dependent mainly on the water levels reached by the tidal
fluctuations and by the FCA basin level. However, those reference designs didn’t consider the modifications that
the tidal fluctuations would have in the future (until 2100 for instance), which are instead provided for Ria de
Aveiro lagoon. In the table below are illustrated the tidal features and the characteristics of the FCA basin at
present times and on 2100.
Also, one of the key features of the CRT System implemented in the Schelde estuary is that the system
charges and discharges the water within the intervention without the use of pumps. This feature is obtained by
having the bed elevation of the FCA to a level in between high tide and low tide. In this way, during high tide
the empty area is in a lower elevation than the river, so if the sluice is opened the water would flow in the FCA
gravitationally; during low tide instead, the water level of the river would be lower than the one in the filled FCA,
thus again the discharge would occur gravitationally.

The design of the sluice then has been tackled considering both conditions, in order to propose a sluice
which would be efficient not only on present times, but also in the future. Following the examples presented
in the reference designs, the sluice is designed at first respecting the actual conditions of the lagoon, secondly
respecting the conditions which would be most probably present on 2100.
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fig. 80 - Design area compared with
Wageningen University campus
(own production)

In Ria de Aveiro, the actual neap tide water level reaches + 0.81 m ASL expected to be increased until +
1.82 m ASL by 2100, as explained in Chapter 2.15 of this Thesis report. This characteristic implies that, if a similar
CRT System is intended to be implemented, the bed elevation of the FCA has to be at least + 0.81 m ASL in order to
be effective now and at least + 1.82 m ASL to be effective in the future. However, as depicted in Chapter 4.4 of this
Thesis report, the bed elevation in both natural and abandoned salt productive areas is between +/- 0.00 m ASL
and + 0.81 m ASL. The natural areas present higher bed elevation than the abandoned areas due to the presence
of uncontrolled vegetation which stimulates the sediment trapping and increases consequently the ground level.

Thus, in order to provide the FCA with a similar CRT System which discharges the water gravitationally,
the bed elevation of the FCA has to be at least + 0.81 m ASL raised until at least + 1.82 m ASL on 2100. Considering
the current elevations, in most areas would be needed at least 1.0 m of soil to be added in the totality of the
interventions’ surface. This means that, considering the design area surface of 2.4 km2 (2400000 m2), the soil
3
needed to provide a gravitational CRT System would be of about 2400000 m . To give an idea of the dimensions,
the surface of the Wageningen Campus which comprehends Forum, Orion and Atlas buildings is 600 m x 250 m
(150000 m2 ), meaning that the example area is as wide as 16 Wageningen Campuses (2400000 m2 / 150000 m2 =
16 Campuses). Similarly, the Forum Building in Wageningen Campus has a volume of 196000 m 3 (70 m x 70 m x
40 m), meaning that it would be needed more than 12 Forum buildings of soil to fill 1.0 m in the design area of
about 16 Wageningen Campuses (2400000 m 3 / 196000 m 3 = 12.25 Forums).

WAGENINGEN CAMPUS
DIMENSIONS
16
WAGENINGEN
CAMPUS

Campus Lenght

600 m

Campus Width

250 m

Campus Surface

12,25
FORUM
BUILDING

2

150000 m

Forum Lenght

70 m

Forum Width

70 m

Forum Height

40 m

Forum Volume

196000 m

3

fig. 80 - Design area compared with Wageningen University campus
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This massive amount of soil would eventually increase incredibly the costs for the implementation of a
gravitational CRT. First of all, it would be hard to find nearby the intervention this amount of soil, since it cannot
be taken from the lagoon bed because it would have the counter-effect on the tidal amplifications; secondly,
the only way to access the area is by boat, meaning that the transport of this soil into the design area would be
challenging and thus expensive. However, similarly to the reference project of Sigmaplan, a CRT System would not
only simulate the ebb and flood stage of the tide but it would add a stagnation stage, a component in which the
thresholds are closed and the water is not moving inside the FCA. The presence of this stage makes the water to
rest in the FCA, stimulating the deposit of sediments in the FCA bed. Especially, if vegetation grows uncontrolled
and is present in the FCA, this occurrence would eventually increase, consequently raising the bed elevation
gradually, as it happens currently in the abandoned and natural areas. In this way, the natural processes could be
transporting constantly sediments in the FCA and the bed elevation would lift naturally.

In the next page, the design of the main sluice is illustrated in a plan and two important sections (fig. 81).
It is possible to notice that the original reference design of Sigmaplan, which comprehended only an inlet and an
outlet sluice, has been adapted to the tidal conditions of Ria de Aveiro. In fact, the design presents three different
sluices which, depending on the tidal characteristics, are operational on different time spans.

fig. 81 - Main sluice design plan,
section 1 and section 2 - Scale 1:200
(own production)
fig. 82 on next page - Main sluice FCA
charge phase on 2018
(own production)
fig. 83 on next page - Main sluice FCA
stagnation phase on 2018
(own production)
fig. 84 on next page - Main sluice FCA
discharge phase on 2018
(own production)
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On 2100 instead, the inlet sluice of 2018 would be transformed into the outlet sluice just by changing
the threshold with the flap already present in the 2018 outlet sluice. Consequently, the emergency sluice would
become the inlet sluice for 2100, combining both the inlet and the emergency sluice. The current outlet sluice
instead would be most probably unusable, due to the FCA expected bed elevation on 2100. In order to provide a
detailed explanation of the system, these two different sluice settings are analyzed separately in the next pages.
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On 2018 the sluices operational would be the inlet sluice for filling the FCA, and the outlet sluice for
emptying it. Also the emergency sluice could be active for filling in the FCA, but the mean tide water levels would
most probably not reach the height which would be required in order to use them. Then, only when the water
would reach incredibly high levels, the emergency sluice would be active to provide a supplementary protection.
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fig. 81 - Main sluice design plan, section 1 and section 2 - Scale 1:200
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fig. 82 - Main sluice FCA charge phase on 2018

fig. 83 - Main sluice FCA stagnation phase on 2018

fig. 84 - Main sluice FCA discharge phase on 2018
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CHARGING PHASE 2018 - WATER INLET
Considering the tidal conditions illustrated in the image below which are currently present
in Ria de Aveiro lagoon (2018), the system would be functioning using prevalently the Inlet and Outlet
Sluice, generating three distinct phases of the design. The first phase involves the water charging
of the FCA, and for this stage the water level inside the FCA must be lower than the lagoon’s. Also,
the Inlet Sluice threshold level should be low enough to ensure the waterflow inside the FCA for a
reasonable time span. The threshold level of the Inlet Sluice has been set to + 2.10 m ASL, which
would provide the water inflow between 6:15 h (on Neap Tide) and 7:11 h (on Spring Tide) per day.

STAGNATION PHASE 2018 - NO WATER EXCHANGE

fig. 85 - Neap tide simulation in FCA on 2018

When the FCA would be filled and the threshold of the Inlet Sluice consequently closed,
it is created a second stage, a stagnation phase, in which there is no water interaction between the
lagoon and the FCA. During this phase the water just stays in the FCA, stimulating the deposit of the
sediments on the FCA bed level. This phase should be present between 11:16 h (on Spring Tide) and
11:53 h (on Neap Tide) per day; meanwhile the water level in the lagoon would decrease towards the
low tide level. However, this stagnation stage would be present on two different time spans: between
the FCA charging and the discharging and vice versa.

DISCHARGING PHASE 2018 - WATER OUTLET
After the stagnation phase, the water level in the lagoon would result to be lower than the
water level within the FCA, meaning that the discharge phase could start. If the Outlet Sluice threshold
are open then, the water inside the FCA would gravitationally flow towards the lagoon. For this reason,
the height of the Outlet Sluice has been set to + 0.80 m ASL, which would provide water outflow
between 5:33 h (on Neap Tide) and 5:52 h (on Spring Tide) per day, quite similar to the charging phase
time span. The total sum of the time needed for a whole cycle then should be comparable with the
real tide daily cycle.

fig. 86 - Spring tide simulation in FCA on 2018

fig. 85 - Neap tide simulation in FCA
on 2018
(own production)
fig. 86 - Spring tide simulation in FCA
on 2018
(own production)
fig. 87 - Tidal curve of Ria de Aveiro on
2018
(own production)

fig. 87 - Tidal curve of Ria de Aveiro on 2018
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fig. 88 - Main sluice FCA charge phase on 2100

fig. 89 - Main sluice FCA stagnation phase on 2100

fig. 90 - Main sluice FCA discharge phase on 2100
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CHARGING PHASE 2100 - WATER INLET
Considering the tidal conditions which would probably be present on 2100, the system would
be functioning using the Emergency and Inlet Sluice, generating also for this setting three distinct
phases. The conditions for a working system result to be the same of the ones present on 2018: to have
a charging phase, the water level in the FCA should be lower than the lagoon’s; to have a discharging
phase, the water level in the lagoon has to be lower than the FCA’s. So the threshold of the Emergency
Sluice has been set to + 3.90 m ASL, which would provide the water inflow between 6:03 h (on Spring
Tide) and 7:23 h (on Neap Tide) per day.

STAGNATION PHASE 2100 - NO WATER EXCHANGE

fig. 91 - Neap tide simulation in FCA on 2100

When the FCA would be filled and the threshold of the Emergency Sluice consequently
closed, it is created again a stagnation phase, in which there is no water interaction between the
lagoon and the FCA. This phase should be present between 10:57 h (on Spring Tide) and 10:36 h (on
Neap Tide); meanwhile the water level in the lagoon would decrease towards the low tide level. As for
2018, this stagnation stage would be present on two different time spans: between the FCA charging
and the discharging and vice versa.

DISCHARGING PHASE 2100 - WATER OUTLET
After the stagnation phase, the water level in the lagoon would result to be lower than the
water level within the FCA, meaning that the discharge phase could start. If the Inlet Sluice is open
then, the water inside the FCA would gravitationally flow towards the lagoon. This phase would be
present between 7:00 h (on Spring Tide) and 6:02 h (on Neap Tide), which is similar to the charging
phase time span. The total sum of the time needed for a whole cycle then should be comparable
with the real tide cycle. In order to transform the 2018 Inlet Sluice into the Outlet Sluice for 2100, it
is needed no modification on the sluice elements; timing efficiently when the gates should be open
would provide water inflow and outflow. However, during the predicted Neap Tide for 2100, the water
would not reach the level needed for filling the FCA with the Emergency Sluice, thus it cannot be used
for water inflow. For this particular condition, the water inflow and outflow would happen through the
Inlet Sluice only, which would simply need to be opened and closed at the right moment.

fig. 92 - Spring tide simulation in FCA on 2100

fig. 88 - Main sluice FCA charge phase
on 2100
(own production)
fig. 89 - Main sluice FCA stagnation
phase on 2100
(own production)
fig. 90 - Main sluice FCA discharge
phase on 2100
(own production)

fig. 93 - Tidal curve of Ria de Aveiro on 2100 (prediction)
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5.3 - SECONDARY SLUICE
DESIGN
Solved the issue of water exchange between the lagoon and the FCA, remains only one aspect to consider
before tackling the landscape design, which is the secondary sluice connecting different portions of FCA. The
main conditions that would affect this secondary sluice are: the bed elevation of the two systems is the same,
as long as the future elevations, meaning between + 0.00 m ASL and + 0.81 m ASL in present conditions and +
1.82 m ASL on 2100; both sides are not affected by the tidal fluctuations, since the water levels on both sides are
artificial and could be set at different levels.
However, since the intention is designing a water exchange between systems that present different
conditions, the water level of the two-interacting system should not be the same. In this way, by opening the
adjustable thresholds, the FCA with the higher water level would transfer the water to the lower water level until
they reach the same water height. It would be possible to have a complete water movement between the two FCA
by implementing a pumping system in the sluice, but it appears pointless since every element of the FCA would be
connected with the lagoon and thus a complete discharge could happen using the main sluices.

fig. 94 - Seconday sluice design plan
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fig. 91 on previous page - Neap tide
simulation in FCA on 2100
(own production)
fig. 92 on previous page - Spring tide
simulation in FCA on 2100
(own production)
fig. 93 on previous page - Tidal curve of
Ria de Aveiro on 2100 (prediction)
(own production)

fig. 95 - Water exchange between FCAs on 2018

fig. 96 - Water exchange between FCAs on 2100
fig. 94 - Seconday sluice design plan
(own production)
fig. 95 - Water exchange between FCAs
on 2018
(own production)
fig. 96 - Water exchange between FCAs
on 2100
(own production)

The design of the secondary sluice, as the main sluice, has three openable channels which would provide
the waterflow between portions of FCA at different water levels. Also, this design considers the possibility that
the bed elevation of the FCA would increase until + 1.82 m ASL on 2100; both settings are illustrated in the next
page. Fundamentally, the difference between the two settings, on 2018 and on 2100, would be the bed elevation
of the FCAs and the water level reached within the FCAs. The system then would be operational just by opening
the bottom threshold, being the lower one on 2018 or the middle one on 2100, which would cause water exchange
between the FCAs. Also, it is present a third channel which could be used for regulating the speed of the water
exchange amongst the FCAs: by opening it instead of the other one, is obtained a water exchange speed reduction;
by opening it together with the other one, is obtained a water exchange speed increase.
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5.4 - LANDSCAPE DESIGN
fig. 97 - Highway connecting Aveiro with Praia Barra
Tackled the issue of the Controlled Reduced Tide (CRT) within the selected design area, the design of
the consequently generated landscape is illustrated in this section. The landscape of the selected area, besides
presenting different features within itself, at a lagoon scale should be considered as a unique element, since it
must relate with the other main elements of the lagoon. In fact, the location of the selected area could represent
the missing link between the city of Aveiro and the other nearby urban outposts such as Sao Jacinto and Gafanha
de Nazare. Nowadays Gafanha de Nazare is accessible from the city of Aveiro by car, bike and walk, through a
highway which connects the two cities and leads to Praia da Barra and Costa Nova on the Ocean coast. However
from this highway, since is located in the southern part of Gafanha de Nazare, it is needed to cross the whole city
in order to reach the harbor from where is possible to take the boat to Sao Jacinto. Moreover, the road in itself is
designed to support trucks which converge towards the commercial harbor, making the trip noisy and unpleasant,
especially if biking or walking. If another element is introduced, such as the landscape intervention within the
intertidal area, the issue of accessibility arises.

fig. 98 - Main road in Gafanha de Nazare’
In fact, since the design area is unreachable with other means of transportation except by boat, it is
needed a connection which would include the area in the system. The accessibility by boat only suggests that the
already present connection between Gafanha de Nazare and Sao Jacinto could be reinforced and enlengthened in
order to support the new location. In the immediate vicinity of the center of Aveiro is present a harbor which could
be used as a starting point of a boat connection which arrives to the area and continues towards the harbours
of Gafanha de Nazare and Sao Jacinto. In this way the area location would be accessible from all of the three
urban outposts easily, while providing also a different connection for sustainable means of transportation, such
as biking or walking. Moreover, this connection could offer to people a complete new experience, leaving aside
the noises and pollution of the highways, a different opportunity which would make even the people aware of the
design location.

fig. 99 - Road towards the harbor in Gafanha de Nazare’
The design area which needs to be protected by flooding, even though it could be considered as a
whole, presents within itself all the different landscapes described in Chapter 2.8 of this Thesis Report. In fact, it
encompasses all the different stages of disappearance: the Abandoned Landscape, represented by the abandoned
salt productive sites on the western portion of the site; the Natural Landscape, represented by the natural areas
on the northern portion of the site; the Disappearing landscape, represented by the natural areas on the eastern
portion of the site; the Active Landscape, represented by the active aquaculture production area on the southern
portion of the site. Every stage demands a dedicated approach towards protection and its possible developments
since each location presents distinct physical and ecological characteristics, also at different scales.
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fig. 97 - Highway connecting Aveiro
with Praia Barra
(adapted from: https://www.google.nl/maps/)
fig. 98 - Main road in Gafanha de Nazare’
(adapted from: https://www.google.nl/maps/)
fig. 99 - Road towards the harbor in
Gafanha de Nazare’
(adapted from: https://www.google.nl/maps/)

N

fig. 100 - Design area paths and important locations

Legend of fig. 100 and fig. 101
fig. 100 - Design area paths and
important locations
(own production)
fig. 101 - Design area connected with
current infrastructure
(own production)

N

fig. 101 - Design area connected with current infrastructure
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The ultimate purpose of the design, as stated precedently, would be to evolve towards a managed habitat
by implementing elements which would create the context for a landscape development supportive of life; in fact,
different species have to cohabit in the landscape, prosper and have to be mutually beneficial. And the different
characteristics of the landscape suggests how every stage could evolve towards distinct habitats or ecosystems.
For this reason, the Abandoned Landscape could be transformed into a Fruitful Landscape which would use
the abandoned salt production walls; the Natural Landscape could be provided with infrastructure, offering the
possibility to be into an Immersive Landscape; the Disappearing Landscape could be protected and the ecology
of the area stimulated in order to develop a Resistive Landscape.

fig. 102 - Currently present landscapes in the design area
In the next page a general plan of the landscape development is presented: conceived as a whole, the
design area has an internal subdivision related to the landscape characteristics. In fact it is present a ring dike,
which encompasses the whole area and provides a path throughout the entire landscape intervention, and some
crossing dikes, which define the borders of the different stages and ensure the connection between the separate
stages. Especially, when the paths converge, several attraction points are identified and designed in order to
exploit at best the relation between the landscape and the visitor.
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fig. 103 - Transforming the landscapes in the design area
fig. 102 - Currently present landscapes
in the design area
(own production)
fig. 103 - Transforming the landscapes
in the design area
(own production)
fig. 104 - Design area total intervention
plan - Scale 1:10000
(own production)
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fig. 104 - Design area total intervention plan - Scale 1:10000
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fig. 106 - Ring dike section - Scale 1:200

RING DIKE
As evidenced by the sluices design presented in the previous paragraph, the ring dike and the crossing
dike have to be treated differently, since they face distinct landscape dynamics. In fact the ring dike, which should
protect the design area from the tidal fluctuations of the lagoon, has to be resistant to the strong currents that
affect the design location nowadays and especially in the future. The issue of dike protection and dike resiliency is
tackled in Chapter 7.3 (Reference Designs), evidencing some guidelines on the dike profile elaboration. Especially
for the ring dike, it is suggested a sloped profile treated with salt marsh, with the length – height proportion of
the dike slope towards the lagoon set at 7 to 1. This solution would not only enhance the sediment trapping on the
dike, ensuring a progressive reinforcement of the borders, but would also dampen the waves, thus mitigating the
eroding action of the tidal fluctuations. This kind of slope should be placed only on the lagoon side of the dike.
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fig. 105 - Design area total cross-section - Scale 1:5000

fig. 107 - Crossing dike section - Scale 1:200

CROSSING DIKES

fig. 105 - Design area total crosssection - Scale 1:5000
(own production)
fig. 106 - Ring dike section - Scale
1:200
(own production)
fig. 107 - Crossing dike section - Scale
1:200
(own production)

The crossing dikes instead, since they have not to face the tidal fluctuations and the eroding currents
from the lagoon, could be treated similarly to the ring dike meaning with salt marsh on the dike slope, but the
dike’s length – height proportion could be set at 3 to 1. This inclination, as discussed by van Loon- Steensma
(2014), is sufficient to have a dike slope with vegetation growing on it. These crossing dikes should be placed on
the slopes facing FCAs, as illustrated in the images above, and they have to be provided with an inner core of sand
covered by a layer of clay, gravel and soil.
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fig. 108 - Bird’s eye view of the design area
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5.5 - LANDSCAPE
VEGETATION
In Ria de Aveiro have been identified, through the landscape analysis, several important trees and plants
which compose the vegetation of the lagoon. Some elements included in this cluster have been introduced in
Portugal while some are indigenous of the area. Throughout this paragraph, it is intended to give an overview of
the most relevant species present in the lagoon in order to include them within the design intervention. The focus
of this overview is to establish the seasonality and the changing capabilities of the vegetation which should be
aggregated according to their impacts on the landscape and on other species combined.

ACACIA LONGIFOLIA
Acacia Longifolia, commonly known as “Golden Wattle”, is an evergreen shrub or small tree which grows
between 7 m and 15 m in height. Its canopy is quite dense and composed of leaves and flower buds, both of about
10 cm long and 3 cm wide; flower coloration ranges from yellow to white during flowering time. It continuously
grows leaves throughout the whole year, while flower buds are present from winter to early spring lasting until
the end of the summer; fruits are present in summer.
It is an invasive plant, largely widespread in Portugal and especially in Ria de Aveiro. It has been
introduced in the country to contrast coastal erosion in early 20th century and since then it developed quite
extensively in the lagoon area. This has been due to the characteristic of the plant to affect soil composition,
inhibiting the growth of other species, thus transforming sometimes vegetation communities of shrubs and small
plats to woody communities dominated by Acacias. This plant should be carefully controlled and planted only in
confined areas to prevent its dominating features towards indigenous shrubs and small plants.

fig. 109 - Acacia Longifolia flowering
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fig. 110 - Acacia Longifolia during winter

fig. 108 on previous page - Bird’s eye
view of the design area
(own production)
fig. 109 - Acacia Longifolia flowering
(https://drijen.hr/sl/product/mimoza-2/)
fig. 110 - Acacia Longifolia during
winter
(https://commons.wikimedia.org/wiki/
File:Acacia_longifolia.jpg)

fig. 111 - Acacia Longifolia flower detail

TAMARIX RAMOSISSIMA
Tamarix Ramosissima, commonly known as “Salt Cedar”, is a deciduous shrub or small tree which grows
between 2 m and 5 m in height and it possesses a dense canopy formed by thin reddish-brown branches and greygreen leaves. Leaves are really small, about 2 mm long, and overlap each other along the stem. From early spring
to late summer, pink and white flowers are present arranged in pikes of 5 cm long.
Being a salt-resistant specie, it uses saltwater by excluding the toxic salt effects through special glands,
confining it into the leaves. When the leaves fall during autumn, the concentration of salt in the soil under the
canopy prevents the growth of other species, even though salt tolerant species could occur. Also, each plant
produces a relevant amount of seeds which are dispersed by wind or by water, resulting into high reproduction
rates and plant development.

fig. 112 - Tamarix Ramosissima plant overview

fig. 113 - Tamarix Ramosissima bush

fig. 114 - Tamarix Ramosissima flower detail

fig. 111 - Acacia Longifolia flower detail
(https://www.flickr.com/photos/nuytsia_
pix/7995220108/)
fig. 112 - Tamarix Ramosissima plant
overview
(http://hablux.net/tamarix.html)
fig. 113 - Tamarix Ramosissima bush
(https://jb.utad.pt/multimedia/Tamarix_parviflora)

For these reasons also this plant, such as the Acacia Longifolia, should be carefully controlled and
planted only in confined areas to prevent its dominating features towards indigenous shrubs and small plants.
It could be arranged in combination with Acacia Longifolia to form a flowered bush of white, yellow and pink
flowers from late winter until the end of summer.
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SARCOCORNIA PERENNIS
Sarcocornia Perennis is a salt-tolerant plant which grows in saltwater and it is present mostly on low
elevations in salt marshes. This plant requires specific periods of submergence and exposition to open air, thus
its distribution is strictly related to this aspect. For this reason, this plant could be found only in tidal marshes; in
Ria de Aveiro it is present extensively, especially within the tidal marshes located in the intertidal landscape unit.
It is a relatively small undershrub, perennial, with woody stems thick about 5 mm with multiple nodes and roots.
The stems extend between 8 and 30 cm with a shiny covering. It could assume diverse colorations, depending on
the season: from dull green during spring to orange-red in autumn. Usually in spring this plant grows new stems
from buds, while flowering period occurs in August and September.

fig. 116 - Sarcocornia Perennis flower detail

fig. 115 - Sarcocornia Perennis plant overview
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fig. 114 on previous page - Tamarix Ramosissima
flower detail
(https://plantright.org/invasive/tamarixramosissima/)
fig. 115 - Sarcocornia Perennis plant overview
(https://www.scienceimage.csiro.au/image/11694/)
fig. 116 - Sarcocornia Perennis flower detail
(https://cellcode.us/quotes/pictures-spike-plants.
html)

SALICORNIA RAMOSISSIMA
Salicornia Ramosissima, such as Sarcocornia Perennis, is a halophyte plant which grows in saltwater.
It differs form Sarcocornia in its distribution patterns, since this undershrub could be found also in almost
permanently exposed areas. It requires still a period of submergence, but it is more tolerant than Sarcocornia. It
is an annual specie and it is usually found in solitary conglomerates, located not together with other salt-tolerant
plants such as Sarcocornia Perennis, Halimione Portulacoides or Limonium Vulgare. It is a small undershrub,
denser than Sarcocornia Perennis, with woody stems, shiny green in coloration throughout its life cycle (one year).
It flowers with cymules subdivided in three, with a central flower and two small flowers on the side. It is a pioneer
plant, in fact it is the first plant which distributes and colonise the intertidal salt marshes. Due to this aspect, it
is suggested to include this plant when designing the management and conservation of salt marshes, especially
regarding restoration of natural habitats.

fig. 118 - Salicornia Ramosissima flower detail

fig. 117 - Salicornia Ramosissima plant
overview
(https://alleideen.com/queller-dermeeresspargel-fur-gute-figur-undgesundheit/)
fig. 118 - Salicornia Ramosissima flower
detail
(http://biodiversidade.eu/especie/salicorniaramosissima-woods/?lang=en)

fig. 117 - Salicornia Ramosissima plant overview
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LIMONIUM VULGARE
Limonium Vulgare is a perennial shrub, salt-tolerant, which grows in intertidal salt marshes, such as the
one present in Ria de Aveiro. It is commonly found in the areas which are affected only by spring tides, thus in
the most higher zones of the salt marsh. It is a very fecund specie, sometimes dominating the areas in which is
present. It does not require a specific soil to grow on, since it can be found in muddy areas as long as sandy dunes
and stabilized shingle. It grows in large clusters and it is a plant not tolerant to pollution. For this reason, it could
be used in restoration interventions as an indicator of the pollution within the habitat. Its leaves are lanceolate
between 5 and 15 cm and they often have salt-secreting glands on the lower side. Colors of the leaves are mostly
pale green, with spike flowers of about 25 cm present from late June until October colored in purple.

fig. 120 - Limonium Vulgare flower detail

fig. 119 - Limonium Vulgare plant overview
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fig. 119 - Limonium Vulgare plant
overview
(http://www.freenatureimages.eu/
Plants/Flora%20J-N/Limonium%20
vulgare,%20Sea-lavender/index.html#)
fig. 120 - Limonium Vulgare flower
detail
(https://plantsam.com/limoniumvulgare/)

HALIMIONE PORTULACOIDES
Halimione Portulacoides is a perennial shrub, salt-tolerant and growing in intertidal zones of salt marshes.
It requires just occasional tidal inundation, thus it could be found in the higher zones of the intertidal salt marsh. It
grows bigger than the other species such as Limonium Vulgare, reaching heights between 80 and 150 cm; it usually
prefers sandy soil or stabilized shingle which often could be found along creek banks. It does not resist much in
areas with a yearly average temperature set below 10 degrees C, and it could be found in combination with other
halophytes. Leaves are elliptical and relatively small, usually between 5 and 10 mm, pale green in color almost
throughout its life cycle. Flowering occurs also, in spikes colored light brown or desaturated orange, from July to
October, even though it is generally not abundant.

fig. 121 - Halimione Portulacoides planr overview

fig. 122 - Halimione Portulacoides flower detail

fig. 121 - Halimione Portulacoides planr overview
(https://ignacio56.blogspot.com/2016/10/halimioneportulacoides.html)
fig. 122 - Halimione Portulacoides flower detail
(https://wilde-planten.nl/af beeldingen/foto/
gewone%20zoutmelde/blad1-g.jpg)
fig. 123 - Halimione Portulacoides bush
(https://ignacio56.blogspot.com/2016/10/halimioneportulacoides.html)

fig. 123 - Halimione Portulacoides bush
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SPARTINA MARITIMA
Spartina Maritima, commonly known as small cordgrass, is a shrub salt tolerant specie which could
be found extensively in salt marshes or estuarine mudflats. Such as the other species presented, it requires the
presence of water to thrive, often preferring to be inundated. Roots of the plant reside usually in the water, with
the exposed stems emerging in very erect leaves. Leaves are generally short, with green coloration in summer
while adopting a brown reddish tint during winter time. It is a very dense shrub which grows in clusters, often
composed by generations of plants since it does not spread extensively; it can grow together with other halophyte
such as Halimione Portulacoides or Limonium Vulgare. It is a specie which is susceptible to high temperatures
and usually its distribution is affected by extreme heat. The growth of the plant is affected also by the soil
composition, preferring a sandy soil to grow the tallest. It flowers between July and October, presenting whiteyellowish spikes pollinated by wind.

fig. 124 - Spartina Maritima bush

fig. 125 - Spartina Maritima flower detail
fig. 124 - Spartina Maritima bush
(http://gallery.nen.gov.uk/asset668639_1445-swgfl.html)
fig. 125 - Spartina Maritima flower detail
(http://gallery.nen.gov.uk/imagelarge668648-.html)
fig. 126 - Spartina Maritima plant overview
(http://gallery.nen.gov.uk/image668640-swgfl.html)
fig. 127 - Seasonal variations in leaves and flowers for
every plant in combination
(own production)
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fig. 126 - Spartina Maritima plant overview
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Acacia Longifolia

Tamarix Ramosissima

Halimione Portulacoides

Spartina Maritima

Limonium Vulgare

Salicornia Ramosissima

Sarcocornia Perennis

fig. 127 - Seasonal variations in leaves and flowers for every plant in combination
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5.6 - TOWARDS A
FRUITFUL LANDSCAPE
The Abandoned Landscape is located on the eastern portion of the design site and comprehends a
former salt productive area which until early 2000’s has been active. Due to its recent abandonment, in this area
are present particular features: the landscape elements, such as eroding walls and pond divisions, are still in good
conservation status and they could be reused for new purposes; the area does not present yet a creek formation
which defines the waterflows within the site. These conditions offer possibilities of development towards a
transformation of the Abandoned Landscape into a Fruitful Landscape. In fact, the absence of a creek formation
within the site means that the waterflows in the site could be designed by the positioning of the openable
sluices along the border dikes of the intervention. Secondly, the already present eroding wall structures could be
maintained and the pond division respected, while implementing in the area a remunerative production which
would benefit from the controlled tidal fluctuations generated by the sluices.

fig. 128 - Fruitful landscape mouths and channels

fig. 129 - Fruitful landscape paths

The position of the main sluices and the secondary sluices within the Fruitful Landscape arises from the
actual status of the eroding former salt productive walls, which already presented a hierarchical channelization
to divert the water fluxes towards the productive areas. Restoring these channels would reestablish the traditional
area separation and consequently recreate the conditions for including again a productive activity in these areas.
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fig. 128 - Fruitful landscape mouths
and channels
(own production)
fig. 129 - Fruitful landscape paths
(own production)
fig. 130 - Fruitful landscape plan Scale 1:5000
(own production)
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fig. 130 - Fruitful landscape plan - Scale 1:5000
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fig. 132 - Section FR. 1 - Scale 1:200

fig. 133 - Section FR. 2 - Scale 1:200

In these pages, a general section of the Fruitful Landscape is presented. The drawing is subdivided in
two parts: the top section illustrates how the landscape have been restored by redistributing the channels and the
walls; the bottom sections FR.1 to FR. 4 evidence some zoomed in areas which explain the relation between the
elements of the intervention.

fig. 131 - Fruitful landscape crosssection - Scale 1:2000
(own production)
fig. 132 - Section FR. 1 - Scale 1:200
(own production)
fig. 133 - Section FR. 2 - Scale 1:200
(own production)

fig. 131 - Fruitful landscape cross-section - Scale 1:2000

fig. 134 - Section FR. 3 - Scale 1:200
fig. 134 - Section FR. 3 - Scale 1:200
(own production)
fig. 135 - Section FR. 4 - Scale 1:200
(own production)

fig. 135 - Section FR. 4 - Scale 1:200
The section FR.1 and FR. 4 show the accessibility of the reclaimed land within the FCAs from the dikes
(1 for the ring dike, 4 for the crossing dike); section FR.2 shows the relation between the restored walls set in
height of + 2.00 m ASL with the water distribution channel which connects the sluices within the intervention;
section FR.3 illustrates the relation between the restored walls of different heights (+ 2.00 m ASL and + 1.00 m
ASL) and the designed oyster productive area.
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5.7 - OYSTER CRYSTALS

fig. 136 - Japanese oyster anatomy and life cycle
The unproductive and eroding Abandoned Landscape could be substituted with a productive, Fruitful
Landscape, by the implementation of oyster production. The Crassostrea Gigas, commonly known as the Japanese
Oyster, belongs to the bivalves; it is an estuarine species, even though it has been introduced worldwide and
nowadays can be found often also in intertidal areas, such as Ria de Aveiro. It develops on hard or rock surfaces,
mostly aggregated in clusters because often the larvae grow on the shells of other oysters and it has males and
females.
It is a fecund species, it can reproduce quickly and females can spawn between 50 and 200 million
eggs per time, fecundated by the sperm of the males. These larvae float in the water until they found the optimal
habitat conditions, and they permanently stick on it. The larvae can remain several weeks (between 2 and 4) in
this floating status and, once the optimal habitat has been found, it takes about two years to reach the adult age.
Once it reaches this adult stage, it starts again the reproduction cycle.

fig. 137 - Salt crystals
The Japanese Oyster though possess several features which make this living organism an “ecosystem
engineer”. It represents a food source for humans, meaning that they could be sold and would generate income,
but also for other species which are present in the lagoon (LAGOONS, 2011). In fact, the presence of oysters
attracts other predators such as crabs, starfishes and birds, which would contribute to the improvement of the
ecological characteristics of the area. Secondly the oysters, being an organic water filter (Orff, 2016), would clean
gradually the waters of the lagoon, decreasing the future risk of pollution and resulting ultimately into a more
“healthy” lagoon.
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fig. 136 - Japanese oyster anatomy and life cycle
(own production)
fig. 137 - Salt crystals
(http://ieszv-scienceblog.blogspot.com/2017/12/acave-full-of-crystals.html)
fig. 138 - Deployment of ECOncrete blocks
(https://econcretetech.com/armoring-units-casestudy-by-econcrete/)

The activity of oyster production is already present in the lagoon, specifically at the beginning of Mira
Channel, even though it interests only a small portion of the channel due to lack of available space presenting
the optimal growth conditions (LAGOONS, 2011). These conditions could be created in the reclaimed land by
implementing a saltwater diary tidal cycle, which partly inundates and partly exposes the oysters to open air
(Quayle and Newkirk, 1989). In recent years, specifically on 2012, ECOncrete was founded, a company which
provides high quality cost effective standardized concrete products including bio-enhancing concrete additives.
These elements, illustrated in the images in this page, offer an innovative solution to reduce the ecological
footprint of ports, marinas, coastal protections schemes and urban waterfront projects, while adding a value for
multiple species (Orff, 2016).

fig. 138 - Deployment of ECOncrete blocks

fig. 139 - Monitoring of ECOncrete blocks

fig. 142 - Add-ons of ECOncrete blocks
fig. 139 - Monitoring of ECOncrete blocks
(https://econcretetech.com/armoring-units-case-studyby-econcrete/)
fig. 140 - Underwater aggregation of ECOncrete blocks
(https://econcretetech.com/products/#ECOArmorBlock)
fig. 141 - Underwater singular ECOncrete block
(https://econcretetech.com/products/#ECOArmorBlock)
fig. 142 - Add-ons of ECOncrete blocks
(https://econcretetech.com/products/#ECOArmorBlock)

fig. 140 - Underwater aggregation of ECOncrete blocks

fig. 141 - Underwater singular ECOncrete block

fig. 143 - Underwater updated ECOncrete block
In fact, the ECOncrete blocks and elements are made with a different composition of the material, by
including in the mix some peculiarities and producing several shapes which help the implementation of marine
ecosystems. Depending on the different applications, being partitioning submerged walls or poles or beds, specific
conditions are created to maximise the benefits of the installation for the ecology of the area. For this research
are used the Ecological Armoring Units, which are modular ECOncrete blocks of marine infrastructure providing
coastal protection against hydrodynamic forces (so used as breakwaters) while at the same time additionally create
marine habitats, encourage growth of marine flora and fauna, increase species richness, reduce the influence of
invasive species and enhance biodiversity.
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These elements of ECOncrete could be aggregated within the Fruitful Landscape as illustrated in the
image. The cubic shape of these ECOncrete blocks recalls the shape of salt crystals, which production has been
for centuries until 1960 the most important remunerative activity in the lagoon. Cubic blocks with different
dimensions could be disposed in the landscape to resemble a field of salt crystals, even though they would have
a complete different purpose: stimulate the growth of marine life within the landscape. In this page is possible
to see the relation of the landscape created with the hierarchical channelization and with the newly productive
areas.
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fig. 144 - Fruitful landscape visual 1 from dike
fig. 143 - Underwater updated ECOncrete block
(https://econcretetech.com/
products/#ECOArmorBlock)
fig. 144 - Fruitful landscape visual 1 from dike
(own production)
fig. 145 on next page - Fruitful landscape
visual 2 from dike
(own production)

The original disposition of the productive areas has been respected as much as possible, even
though the areas have been provided with ECOncrete cubic blocks. Also, depending on the positioning of the
channels, other productive areas are inserted in order to fulfill the totality of the Fruitful Landscape with oyster
productions. In this page the Fruitful Landscape is illustrated from the crossing dikes. All the productive areas
would be accessible from the dikes for multiple purposes: to provide control and maintenance on the status of
implementation regarding ecological goals; to offer to the eventual visitor the possibility of being transported and
immersed in this particular, newly created landscape.
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fig. 145 - Fruitful landscape visual 2 from dike
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5.8 - BOARDWALK
WITHIN LANDSCAPES
The hierarchical division of the different landscapes created, generated by the sluices position and by
the consequent waterflow within the intervention, defines the location of channels and restored areas. Each
one of these areas, being located within one of the newly established landscapes, is accessible mainly from the
Ring Dikes or from the Inner Dikes illustrated in Chapter 5.4 of this Thesis report. However this accessibility is
somewhat relative since, to experience all the singular areas, a visitor has to return back on top of the main dike
in order to access the next one.
This condition stimulated the inclusion of an element which would connect the singular areas with the
others: a boardwalk. In fact this element should provide accessibility to all the singular areas within a landscape
by passing over them, but at the same time offer protection while passing from one area to another one, resulting
into a completely enhanced experience. This feature could be achieved by closing the sides with a balaustrade
where necessary and by opening them where there would be underneath a restored area.

fig. 146 - Boardwalk within fruitful landscape section - Scale 1:200
For this reason the boardwalk element has been designed, as depicted from the images illustrated in
these pages, with a rotative balaustrade which, depending on its position within the restored landscape, raises to
provide protection or lowers to provide access to the bottom areas. Especially this balaustrade is designed in a way
to obtain a subtle transition between closed and opened parts of the boardwalk in order to generate interesting
and constantly changing views throughout the intervention. In the next pages the boardwalk is visualized within
the Fruitful and the Immersive Landscapes.

144

fig. 146 - Boardwalk within fruitful
landscape section - Scale 1:200
(own production)
fig. 147 - Rotative balaustrade on the
boardwalk 3 stages diagram
(own production)
fig. 148 - Boardwalk within immersive
landscape section - Scale 1:50
(own production)

fig. 147 - Rotative balaustrade on the boardwalk 3 stages diagram

fig. 148 - Boardwalk within immersive landscape section - Scale 1:50
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fig. 149 - Boardwalk within fruitful landscape visual
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fig. 150 - Boardwalk within immersive landscape visual
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5.9 - BOAT HARBOR
STAIRCASE

fig. 151 - Harbor connections and paths

fig. 152 - Harbor attraction focal points

As explained in the previous Chapter, some focal points are present in the totality of the design
intervention, located at the convergent points between the ring dike and the crossing dikes. One of these focal
points is illustrated in this paragraph, specifically the one which would provide boat accessibility to the area. In
fact, as discussed previously, the implementation of a harbor in the suggested location would act as a starting point
from which it would be possible to access the multiple and different landscapes created by the sluices. This arrival
point should be as much as possible integrated in the landscape, thus respecting as much as possible the already
present physical features of the land. Considering the selected position for the harbor, it could be dovetailed into
the natural island present in the immediate north side, joining it also with the ring dike. Moreover, this natural
island could offer protection to the newly created harbor since it would act as a protector from currents, a natural
breakwater. The harbor in itself should support the docking operations comfortably, both for a recurring public
transport and for private boating. This harbor could act as a station not only for the people willing to have a new
experience, but also for the people which would be interested in exploring the surrounding landscapes.

Becoming the convergent point in which several dikes and features meet, the harbor should be provided
with a distribution area which would inform and direct the visitors towards the important elements of the design
intervention. From this location it could be possible to access the Fruitful Landscape on the southern side as
long as the Immersive Landscape on the northern side; also, the crossing dike on east would provide the access
towards the Resistive Landscape, located in the opposite side of the design. In the next page, the harbor and its
relations with the surrounding landscapes is illustrated.
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fig. 149 on page 146- Boardwalk within
fruitful landscape visual
(own production)
fig. 150 on previous page - Boardwalk
within immersive landscape visual
(own production)
fig. 151 - Harbor connections and paths
(own production)
fig. 152 - Harbor attraction focal points
(own production)
fig. 153 - Harbor plan - Scale 1:2000
(own production)
fig. 154 on next page - Harbor visual
from viewpoint
(own production)
fig. 155 on page 154 - Harbor visual
from arrival point
(own production)
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fig. 153 - Harbor plan - Scale 1:2000
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fig. 154 - Harbor visual from viewpoint
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fig. 155 - Harbor visual from arrival point
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The position of the harbor within the whole intervention context would offer the opportunity of
integrating some elements in the design which would enhance the experience of an eventual visitor; however, the
actual character of the different protected areas should dictate the possible design indications of those elements.
For instance, the Immersive Landscape would protect an area which is currently abandoned but in which are
present migratory birds and this location is considered a “natural landscape”. For this reason, human presence
within this landscape should be somewhat restrained in order to avoid disturbance of the flora and fauna which
would certainly be affected by visitors. At the same time, the character of this landscape makes it extremely
attractive for nature and bird lovers.

These contrasting features of the Immersive Landscape stimulated the inclusion of an element which
would offer the possibility to appreciate the protected landscape from multiple points of view while at the same
time respecting the natural character of the area: a viewing staircase. Following the inner dike proportions, the
staircase would substitute the green inner dike of the Immersive Landscape in proximity of the arrival harbor,
descending gently towards the natural protected landscape. The steps of the staircase would offer also seating
areas from which experience the landscape and its features.
Moreover, the staircase would be provided with terraces which would have a multiple purpose: provide
viewing points accessible in different controlled tidal settings, by placing the terraces at different heights; offer
information on the flora and fauna present in the landscape, by establishing on the terraces several spots cultivated
with the singular vegetation species. In this way, depending on the controlled water level within the protected
area, the staircase would present a constantly changing accessibility of the steps and of the terraces, which would
be exposed or submerged.

fig. 156 - Staircase visual from dike
(own production)
fig. 157 - Staircase plan - Scale 1:1000
(own production)
fig. 158 on page 158 - Staircase
rendered section - Scale 1:200
(own production)
fig. 159 on page 160 - Harbor rendered
section - Scale 1:200
(own production)
fig. 160 on page 162 - Staircase visual
from terraces
(own production)

fig. 156 - Staircase visual from dike
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fig. 157 - Staircase plan - Scale 1:1000
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fig. 158 - Staircase rendered section - Scale 1:200
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In these pages a section of the staircase and its relations with the Immersive and the Fruitful Landscape
is illustrated. The staircase would provide seating possibilities, terraced gardens and protected viewpoints to
create a unique experience. From the staircase also the CRT system could be outlooked, both the main and the
secondary sluices, in order to show from the same location all the peculiarities of the intervention.
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In these pages the second part of the section which shows the relation of the harbor with the arrival point
and the staircase. From the harbor it would be possible to be immersed into a shaded area before progressing
towards the separate landscape within the intervention.

fig. 159 - Harbor rendered section - Scale 1:200
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fig. 160 - Staircase visual from terraces
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fig. 161 - Immersive landscape visual from staircase
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5.10 - TOWARDS AN
IMMERSIVE LANDSCAPE
The Natural Landscape is located on the northern portion of the design site and comprehends a former
salt productive area which has been abandoned for some time. In fact in this area are still present eroding walls
and pond divisions, even though nature is taking over: several plant and animal communities reside in these
sites, stimulated by the presence of the eroding walls which mitigate the tidal fluctuations, offering enhanced
nesting and forage possibilities. The present creek formation, especially located in the northern portion of the
site, evidence how the lagoon is gradually transforming these exposed areas into a submerged landscape. These
conditions imply that the Natural Landscape should be protected and, due to its particularities, transformed into
an Immersive Landscape.

fig. 162 - Immersive landscape mouths and channels

fig. 163 - Immersive landscape paths

It offers a unique possibility: the concomitant presence of eroding walls and natural ecology demonstrates
how the disappearing elements, if protected, could be reused not only for remunerative productions, as the Fruitful
Landscape, but also for the thrive of other species. In this way, this particular landscape would result to be the
integration between natural ecology, namely plant and animal communities, and the disappearing elements of the
lagoon, namely the eroding walls and former productive ponds. This landscape would offer the unique possibility
of being in direct contact with nature and with cultural elements of the lagoon, becoming a central attractive for
birdwatchers and nature lovers.
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fig. 161 on page 164 - Immersive landscape visual
from staircase
(own production)
fig. 162 - Immersive landscape mouths and channels
(own production)
fig. 163 - Immersive landscape paths
(own production)
fig. 164 - Immersive landscape plan - Scale 1:5000
(own production)
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fig. 164 - Immersive landscape plan - Scale 1:5000
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fig. 166 - Section Im. 1 - Scale 1:200

fig. 167 - Section Im. 2 - Scale 1:200

In these pages, a general section of the Immersive Landscape is presented. The drawing is subdivided
in two parts: the top section illustrates the relationship between the dikes and the sluices with the landscape in
itself; the bottom sections from 1 to 4 evidence several interesting points which explain better the features of the
design.

fig. 165 - Immersive landscape crosssection - Scale 1:2000
(own production)
fig. 166 - Section Im. 1 - Scale 1:200
(own production)
fig. 167 - Section Im. 2 - Scale 1:200
(own production)

fig. 165 - Immersive landscape cross-section - Scale 1:2000

fig. 168 - Section Im. 3 - Scale 1:200
fig. 168 - Section Im. 3 - Scale 1:200
(own production)
fig. 169 - Section Im. 4 - Scale 1:200
(own production)
fig. 170 on next page - Immersive
landscape visual from staircase
terraces
(own production)

fig. 169 - Section Im. 4 - Scale 1:200
The section S-Imm.1 shows how the staircase element located next to the harbor relates with the restored
landscape by presenting terraces from which it would be possible to observe the surroundings from a distance;
the section S-Imm.2 shows how an already present eroding wall could be restored; the section S-Imm.3 illustrates
a restored eroding wall and its relation with the boardwalk passing through the intervention; the section S-Imm.4
shows how the restored elements relate with the channels present.
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fig. 170 - Immersive landscape visual from staircase terraces
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The rendering shows the channelization of the reclaimed are and its relationship with the surrounding
landscape. As it is possible to notice, the channels would be respectful of the already present division, since the
other areas are occupied by conglomerates of vegetation and animal communities. Especially this area should be
left as much as possible as it is, since it represents one of the most important landscapes of the design which
needs to be preserved.
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fig. 171 - Immersive landscape visual from open boardwalk
fig. 171 - Immersive landscape visual
from open boardwalk
(own production)

However, recognized the attractive features of this particular landscape, it would be suggested to provide
the area with an immersive path which would bring the visitor inside the landscape. Going along the and passing
close by the vegetation islands, from this path it would be possible to appreciate intimately the elements of the
landscape, offering a unique experience.
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5.11 - TOWARDS A
RESISTIVE LANDSCAPE
The Disappearing Landscape is located on the eastern portion of the design site and comprehends a
former salt productive area which has been eroded massively and nowadays the cultural elements of the lagoon
are submerged or disappeared. In fact, as evidenced by the present creek formation, most of the area is occupied
by water, even though are present some cluster of sediments in which nature has found its niche. The almost
complete absence of former productive walls suggests that this landscape is widely at stake and soon it would
be transformed into a lagoon channel; for this reason, this Disappearing Landscape should be protected end
enclosed, transforming it into a Resistive Landscape, in which the remnant elements are maintained and the
vegetation growth stimulated. In this way, this landscape could be restored and given back to the lagoon in
the form of a positive element instead of being left to a gradual disappearance which would lead to a future
intensification of the tidal fluctuations affecting the whole lagoon.

fig. 172 - Resistive landscape mouths and channels

fig. 173 - Resistive landscape paths

By protecting its borders and by mitigating the tidal fluctuations it would be created a Resistive
Landscape, in which the repopulation of a natural ecology would be encouraged, transforming this disappearing
area into an attractive. The newly created area at that point would possess the characteristics to become a different
landscape than the present, catalyzing multiple benefits also towards the adjacent areas, such as the Immersive
Landscape. Having the tidal fluctuations mitigated would mean that the nowadays permanently flooded areas
would be for some periods exposed to open air, stimulating the growth of non-aquatic vegetation, partly resistant
to saltwater. And by offering a denser vegetation, animal communities could find more opportunities for forage
and nesting, becoming in a sense more attractive also for them.
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fig. 172 - Resistive landscape mouths
and channels
(own production)
fig. 173 - Resistive landscape paths
(own production)
fig. 174 - Resistive landscape plan Scale 1:5000
(own production)
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fig. 174 - Resistive landscape plan - Scale 1:5000
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fig. 176 - Section Res. 1 - Scale 1:200
In these pages, a general section of the Resistive Landscape is presented. The drawing is subdivided
in two parts: the top section illustrates the relationship between the dikes and the sluices with the landscape in
itself; the bottom sections from 1 to 4 evidence several interesting points which explain better the features of the
design.
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fig. 177 - Section Res. 2 - Scale 1:200
fig. 175 - Resistive landscape crosssection - Scale 1:2000
(own production)
fig. 176 - Section Res. 1 - Scale 1:200
(own production)
fig. 177 - Section Res. 2 - Scale 1:200
(own production)
fig. 178 - Section Res. 3 - Scale 1:200
(own production)

fig. 175 - Resistive landscape cross-section - Scale 1:2000

fig. 178 - Section Res. 3 - Scale 1:200
fig. 179 - Section Res. 4 - Scale 1:200
(own production)
fig. 180 on next page - Resistive
landscape visual 1 from dike
(own production)
fig. 181 on page 180 - Resistive
landscape visual 2 from dike
(own production)

fig. 179 - Section Res. 4 - Scale 1:200
The section S-Res.1 shows the accessibility of the reclaimed land within the FCAs from the inner dikes;
section S-Res.2 shows how the eroding elements within this landscape could be restored; the section S-Res.3
shows one of the channels passing through the intervention, dividing it into separate areas; the section S-Res.4
shows the accessibility of the reclaimed land within the FCAs from the ring dikes.
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fig. 180 - Resistive landscape visual 1 from dike
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fig. 181 - Resistive landscape visual 2 from dike
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5.12 - A REVIVED
LANDSCAPE
Considering the different landscapes that would be created and the approach required to tackle the
separated areas, the design as a whole would represent a Revived Landscape, in which disappearing elements of
the lagoon, namely eroding walls and ponds, are protected in order to obtain different goals. The renewed activity
of the eroding walls and ponds would give a new meaning to these disappearing structures, generating awareness
on the importance of this cultural element in the landscape. Especially they would attract visitors, offering the
possibility to appreciate the benefits of the intervention from multiple points of view.

The enhanced attraction of the Revived Landscape requires the protected area to be provided with
landscape elements needed for developing the touristic opportunities. In fact, establishing attraction poles would
serve as catalysts of the qualities of the landscape, by designing landscape elements located in particular key
points aimed to the enhancement of the actual and potential opportunities offered by the landscape.

fig. 182 - ECOncrete available elements
As evidenced from the previous paragraphs, developing key points which offer to the eventual visitor
a multitude of optional possibilities would increase the attractiveness of the intervention from the people
perspective. Being able to investigate and touch with own hands the productivity established within the Fruitful
Landscape, having the possibility to be encircled by a protected landscape for indigenous flora and fauna such as
the Immersive Landscape, discovering and observing a disappearing area which would be recovered from within
the design, as for example the Resistive Landscape; all these options would enhance the magnetism that the area
would have on people.
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fig. 182 - ECOncrete available elements
(adapted from: https://www.
scapestudio.com/projects/livingbreakwaters-design-implementation/)
fig. 183 - Revived landscape diagram
(adapted from: https://www.
scapestudio.com/projects/livingbreakwaters-design-implementation/)

The focus of the Revived Landscape intended as a whole and as a combination of different possibilities
then is directed towards the experience that the visitor would have while being in the landscape. The character
of the intervention, thus being a constantly changing environment due to the simulation of the tidal fluctuations
and to the continuous growth of vegetation, would even more enhance its attractiveness for people which would
eventually return in the area in a different period of the year.
In order to illustrate this changing capability of the landscape, in the next pages is presented a seasonal
panoramic image. Through this image the features are represented to offer a total overview of the design under
different conditions.

fig. 183 - Revived landscape diagram
fig 184 from page 184 to page 191:
Seasonal panorama visual from dikes
towards fruitful landscape, harbor and
immersive landscape
(own production)
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For instance, in winter the vegetation present in the landscape would be scarce, due to the deciduous
plants which would eventually lose the foliage and due to the dropping temperatures which would inhibit the plant
growth, resulting into a considerably open landscape even in the densest areas such as the harbor.
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Also, during winter the vegetation would assume prevalently a brownish coloration, there would be from
the frost glistening of the trees and shrubs branches to the haze of cold and snow.

fig. 185 - Panorama of design during winter
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fig. 186 - Panorama of design during spring
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fig. 187 - Panorama of design during summer
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fig. 188 - Panorama of design during autumn
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PART 6

192

EVALUATION
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6.1 - DISCUSSION

In this last chapter, it is presented a reflection on the two main aspects of this Thesis report: Research
and Design. Throughout the whole Thesis process these two aspects have been constantly combined and related
each other in a different way to develop as much as possible an unbiased and objective proposal. Each one of the
two aspects is discussed towards the elements that compose them, namely Theory, Methods and Researcher for
the former, while referring to Location, Implementation and Goals for the latter.

RESEARCH
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The Theory that has been chosen as a basis for this thesis process lies into the intentions of the researcher
to expand the concept of Sustainability bringing it into a broader level by combining it with the Landscape
Machine theory. Understanding the landscape as a machine with inputs and outputs generates awareness on the
sustainability intended as a whole, which considers not only the human centricity of an intervention but also its
effects on the environment and the elements composing it. However, interacting with different theories implies
an interpretation of the combination of these aspects which is strictly bonded with the researcher, affecting the
replicability and validity of the research in itself.

THEORY

In order to provide efficient answers to the research and design questions posed at the beginning of
the Thesis report, multiple methods have been used. Literature reviews, expert consultations and sketches and
drawings have been constantly confronted amongst themselves; the site visit also revealed aspects which have
been carried on towards the final design. However, it is possible to realize that the approach towards tackling
the issue of flooding in Ria de Aveiro has been mostly top-down. In fact, it has been preferred this approach
since the issue of flooding in a very complicate system such as Ria de Aveiro requires a wide knowledge on the
landscape dynamics as long as on the landscape of the lagoon in itself. Also the scale of the lagoon implies that,
if a participatory approach (bottom-up) would be used, people from all the different municipalities should come
together to brainstorm about possible solutions. Due to time constraints and efficiency then, it has been chosen
a top-down approach by selecting specific experts which could give an immediate contribution to the flooding
solution.

METHODS

As a researcher which interpret the theories, the background and education play a fundamental role in
the final result. It has been taken as an example the coastal management of Netherlands and this undoubtedly
affected the approach and the search for a solution to the flooding problem of Ria de Aveiro. Specifically, this
is evident by the interventions to prevent flooding in the lagoon area actually in execution compared with the
designed proposal which broadens the connections between the elements of the lagoon at different and wider
scales. Being trained as a Landscape Architect, I tackle the issue of flooding from another perspective than
engineers, physicians or ecologists since every professional figure focuses on different elements and especially
weights them differently. For this reason, while brainstorming with experts, I tried to identify myself with their
mindset in order to grasp and assimilate inputs in the most objective way.

RESEARCHER

DESIGN

LOCATION

The location which have been chosen for the design reflects the intentions of the researcher to involve
into a restoration project which considers as much as possible the relation of the design with the different areas
present within the landscape. In fact, the design focused on the different ways which could be executed in order
to protect specific “stages of disappearance”, namely Natural, Abandoned, Disappearing and Active landscape.
However, the design could have been located in the southern portion of the former salt productive area, closer
to the urban area in order to increase the proximity of the design with the already present infrastructure.
This possibility would certainly decrease the implementation costs and increase accessibility, even though the
versatility of the design would have been affected, since the southern portion of the former salt productive area
does not include all the identified “stages of disappearance” adjacent to each other. Anyhow, considering the
position of the former salt productive area in the lagoon context, the accessibility of the eventual design location
would always have been subject to a modification of the actual infrastructure, being the former salt productive
area only accessible by boat.

IMPLEMENTATION

The issue of implementation of the proposed design has an important weight within the design
discussion. In fact, as explained in Chapter 3.2 of this Thesis report, each one of the options presented should
consider a regional scale in order to be effective in protecting flooding in the whole lagoon. It is a complete shift
in the current paradigm which dictates how protective interventions should be performed in the area since, as
evidenced by the ongoing and completed projects, the trend is to propose punctual interventions which solve
problems only locally. Even though it doesn’t seem that policies or other plans are present to contrast the eventual
implementation of the design, an intervention like the proposed one in this Thesis requires important investments
which most probably wouldn’t be available easily. Also, due to the constantly changing features of the reclaimed
area, the design would require expertise and maintenance that would eventually increase the costs even more.

OBJECTIVES

fig 185 on previous page - Satellite
image of Ria de Aveiro Lagoon
(adapted from: https://www.google.nl/
maps/)

For this Thesis three consequent objectives have been selected, requiring each a different scale. The first
and main objective has been to protect the lagoon from flooding, investigating what causes the flood in order to
act on them instead of acting on the effect of the flood. Being the first and decisive objective, particular attention
has been given to it by testing eventual proposals with the hydrodynamic model of NMEC Lab to assess its
effectivity in protecting the lagoon. This way seems to be the most scientific, because it can quantify and evaluate
the proposals from several points of view. However, the hydrodynamic model is basically a simulation which could
be accurate but still it is a prediction. Based on the predicted results obtained investigating and testing designs,
the objective of versatility is introduced. This objective is included to offer interchangeability of the design within
itself, by finding a common ground amongst the different areas to provide to them the same preconditions. In this
way the design would become adaptive, giving space to eventual future modifications which could be required
due to the unpredictability of events.
The last objective would fit the design into the identity of the lagoon. For this reason, which I consider
extremely important, several documents have been consulted both in situ (through the Public Library of Aveiro)
and in the Netherlands (through Wageningen University facilities) to understand how Portuguese professionals
deal with flooding issues in order to propose a design integrated in the landscape as it is. However, even though
the research has been extensive, there has been some limitations related to the language barrier and inevitably to
the knowledge of the lagoon which instead a local professional wouldn’t experience. Certainly, working together
with a landscape architecture student in Aveiro would have been positive to brainstorm and to evaluate the
proposals from a different perspective.
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6.2 - CONCLUSION

After critically discussing the research and the design as presented in the previous chapter, it is possible
to derive conclusions by answering the questions posed at the beginning of this Thesis report. In order to answer
the Main Research-through-Design Question, the Sub-Research Questions and the Sub-Design Questions are
answered first in this paragraph.
- SRQ1 -What are the relevant landscape units in Ria de Aveiro?
The landscape of Ria de Aveiro has been subject of intense transformations throughout its history and
it is strictly bonded with the dynamics affecting the area, which adapts to the constantly changing system’s
characteristics. Depending on the water interactions of the system, being a coastal system, a lake system and
ultimately an estuarine lagoon system, the landscape changed towards an equilibrium amongst all the landscape
dynamics that interact with each other. The estuarine lagoon of Ria de Aveiro presents a dynamic interaction
between Tidal Fluctuations, Coastal Circulation and Freshwater inputs. Every one of those processes affects Ria
de Aveiro in a different way (Dias, 2001), and the present situations in the lagoon are a combination of all those
aspects. These dynamics have a different impact on the landscape depending on the position of the considered
area in the lagoon context.

For instance, the areas located in between the coastline and the estuarine lagoon are affected by coastal
circulations and tidal fluctuations; the soil is mostly composed by sand and sediments carried on by the water
currents along the centuries; the landscape present the characteristics and vegetation typical of a dunal landscape.
At the same time, the coastal areas located within the estuarine lagoon borders are affected only by tidal
fluctuations and freshwater inputs, since the ocean currents and its dynamics affect only the coastline. This
intertidal zone, which presents an extremely variable landscape due to the influence of the salinity patterns on
vegetation and animal presence, possesses different characteristics and dynamic influence then the dunal zone.
Moreover, there are also zones which are not influenced by the tidal fluctuations, due to their elevation above the
high tide level. These areas then represent a third cluster located in the hinterland zone of the estuarine lagoon,
not in contact with water currents and affected only minimally by the dynamic of freshwater inputs.

These different features present in the landscape of Ria de Aveiro suggest a classification of the
landscape into three main landscape clusters, or units. The main distinction among those units is dependent on
the landscape affection by the lagoon’s system dynamics. These units are:
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DUNAL LANDSCAPE UNIT

Includes the coastal areas in between the lagoon borders and the coastline, thus affected by tidal
fluctuations and coastal circulations; mainly sandy soil; affected only by saltwater dynamics; dunal vegetation.

INTERTIDAL LANDSCAPE UNIT

Includes the coastal areas located within the lagoon borders, affected by tidal fluctuations and freshwater
inputs; soil composed by mud, silt and clay; affected by saltwater and freshwater dynamics; variable landscape
with vegetation affected by salinity patterns.

HINTERLAND LANDSCAPE UNIT

Includes the areas located inland above the high tide level, affected only by freshwater inputs and
dynamics; the soil is composed by clay and silt; continental landscape composed by cultivations and native
vegetation.
- SRQ2 - What is the impact of the flood hazards on the landscape units of Ria de Aveiro?
The threats for Ria de Aveiro are multiple and interconnected. Specifically, the main problems are directly
related to the predicted increases in the TIDAL AMPLITUDE that would foster a subsequence of occurrences
potentially catastrophic for the wealth and livability of the lagoon. These occurrences would affect the lagoon in
total as long the singular landscape units identified through the analysis. The impacts are summarized below:
-

A considerable increase in the TIDAL PRISM from 20 to 30% in neap tides (values between + 1.73 m 		
and + 1.88 m) and from 8 to 25% during spring tides (values between + 4.22 m and + 4.89 m) in the
whole lagoon.

-

The salt pan wall deterioration would increase the TIDAL PRISM of about 6% for neap tides (values
between + 1.82 m and + 1.96 m) and of 5% for spring tides (values between + 4.42 m and + 5.08 m).

-

The TIDAL PHASE would decrease with increased flooding area of approximately 6 to 7%, for
spring tide and neap tide respectively.

-

The TIDAL AMPLITUDE would result between + 3.16 m maximum and + 2.34 m minimum in average,
reaching between + 3.26 maximum and + 2.46 m in the areas in proximity of collapsed salt pan walls.

-

Land loss: 18 km . Agricultural fields, 4 km ; cities, 2 km ; commercial harbor, 1 km ; abandoned
areas, 3 km2 ; natural area, 8 km2 .

-

Navigation restrictions during the low tide. The water retires exposing the shallow areas to the air for
2
22 km ; navigation and access is neglected for 2-3 hours around each low tide.

-

Reducing the dunal unit, substituted by intertidal unit (I taking over D)
Flooding city on dune (D4), cultivated dune (D3), densely vegetated dune (D2), sandy outer dune (D1)
Reduce size of city on dune (D4), cultivated dune (D3), densely vegetated dune (D2),
sandy outer dune (D1)
Increase size lagoon channels (I2).

INTERTIDAL LANDSCAPE UNIT

-

Extending upwards the border with hinterland landscape unit (extending I over H and D)
Flooding productive city (I3), abandoned areas (I5), natural areas (I6), historical city Aveiro (I7)
Reduce size productive city (I3), abandoned areas (I5), natural areas (I6), historical city Aveiro (I7)
Increase size lagoon channels (I2), natural areas (I6) over abandoned areas (I5)

HINTERLAND LANDSCAPE UNIT

-

Moving upwards the border with intertidal landscape unit (I taking over H)
Flooding agricultural fields (H2)
Reduce size agricultural fields (H2)

DUNAL LANDSCAPE UNIT

2

2

2

2
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- SRQ3 - What (technical) interventions are available to protect the landscapes of Ria de Aveiro and
		
which of these are the best, assessed in safety terms?
The analysis of the landscape dynamics (Chapter 2.2 of this Thesis report) as long as the hazard analysis
(Chapter 2.10 of this Thesis report) suggest three possible interventions, or MODELS, that could be implemented in
order to obtain a result process which decreases the tidal amplification expected in the next 100 years. The first
model is the DIKE PROTECTION ALONG LAGOONS’ BORDERS, since it respects the line of action undertaken
by the Portuguese government and the Aveiro University in order to protect the agricultural fields from flooding.
The second model is the INLET CHANNEL SEDIMENTS REFILL. The direct relation between increases in the
TIDAL PRISM and increases in the inlet channel depth evidence that reducing the inlet channel depth would reduce
also the TIDAL AMPLITUDE affecting the lagoon (Dias, 2015). The third model is the LAND RECLAMATION
IN DISAPPEARING LANDSCAPE, which dictates to neglect the inundation into the abandoned sites, reducing
consequently the space available for water to flood (Dias, 2015).
Comparing the results obtained through the different solution testing, it appears clear that the third
option, namely the lands reclamation in the INTERTIDAL LANDSCAPE UNIT, would offer the most benefits
to all the landscape components and to the future ecological and economic opportunities, by reducing the
TIDAL AMPLITUDE expected in the next 100 years. In fact, even though the other two solutions present several
opportunities for landscape developments and both reduce the TIDAL AMPLITUDE, the conditions in which
those interventions would be realized are unacceptable.
The first solution would protect mostly the HINTERLAND LANDSCAPE UNIT effectively by neglecting
the flood to spread, but on the other hand this intervention would cause a complete disappearance of the
INTERTIDAL LANDSCAPE UNIT and its unique features. The second solution would seem to tackle the problems
in a very effective way, since the expected TIDAL AMPLITUDE reduction for this punctual intervention would be
of about 20%. However, this solution would influence the stakes of the commercial harbor and it would affect the
economy of the whole lagoon by neglecting the modern transportation ships to reach the unloading locations.
Instead the third option presents benefits in all the landscape units. This solution would reduce the
TIDAL PRISM, without interfering with the stakes and activities of the commercial harbor and even increasing
the future ecological and economic opportunities in the reclaimed land. Reclaiming this land among the former
salt production sites would stop the erosion of the salt pan walls; it would be cheaper than reclaiming land in other
areas, since a part of the historical dike system is still present and could be recovered and strengthened; it would
then give back to these eroding and disappearing value a new meaning, a new purpose, in order to be used again
and even promoted for their renewed utility.

DIKE HEIGHTENING
IN LAGOON BORDERS

INLET CHANNEL
SEDIMENTS REFILL

LAND RECLAMATION
IN DISAPPEARING LANDSCAPE

-8%

- 20 %

- 8,5 %

+ Possible city expansion
+ Increase agricultural production
+ No flood in protected areas
+ Improvement on lagoon’s borders
Extremely expensive
Destry ecological wetland
Water currents intensification
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+ Partial protection intertidal landscape unit
+ Cheap intervention
+ Mitigated water currents
+ Increase agricultural production

-

Extremely dangerous for the economy of
the lagoon

+ Complete protection intertidal landscape unit
+ New activities in reclaimed land
+ Creation of historical - cultural attractive points
+ Cultural values preserved
+ New meaning on disappearing landscape
+ Possibility of Added values

fig. 186 - Comparative sections of the 3 options
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- SDQ4 - How can the protective intervention be designed in a way which enhances the qualities of
		
the landscape and enriches its attractiveness?
The search for a VERSATILE solution arises from the awareness that the landscape needs to be protected
from flooding and erosion while at the same time enhancing the tidal character of the area. For this reason a
static solution, such as a classic land reclamation intervention, would be incomplete since it would generate two
kinds of landscape profoundly different from each other. In fact, it would create an artificial landscape in which
could increase the spatial availability for productions or an abandoned landscape in which nature would gradually
take over until disappearance due to the eroding currents affecting the landscape. These two different landscapes,
one completely dry and the other completely wet, would be in contrast with each other, denying the qualities of
the INTERTIDAL LANDSCAPE UNIT. and thus not “fitting” into the landscape as it is.
Instead a multi-faceted, versatile, dynamic solution would foster not only protection for certain areas,
but also would offer the opportunity to create your own desired landscape by controlling the tidal fluctuations
within the intervention. In fact, through the analysis it has been demonstrated how the tidal fluctuations are
indispensable and highly beneficial for the landscape, especially if these fluctuations are limited and constrained,
as it happens in the natural and abandoned areas. This is because the water in these areas would reside for more
time, allowing birds and organisms to use longer the landscape for foraging and offering a safer environment
for nesting. Thus, in order to preserve these characteristics, the tidal fluctuations have not to be neglected
within the land reclamation intervention, since its total disappearance would damage irreparably the ecosystem
of the lagoon. It would be preferable instead to allow tidal fluctuations within the reclaimed land, limited and
constrained in order to be beneficial for the ecosystems. The constriction and limitation of tidal fluctuations within
the reclaimed land would offer also the chance of integration in the intervention of remunerative productions, such
as for example oyster production, if within the reclaimed land are created the preconditions which need to be
present to implement the desired landscape.

fig. 187 - Versatile landscape on 2100 diagram

200

fig. 186 on previous page - Comparative
sections of the 3 options
(own production)
fig. 187 - Versatile landscape on 2100
diagram
(own production)
fig. 188 - Revived landscape on 2100
diagram
(own production)

- SDQ5 - How can the intervention revive the disappearing valuable elements of the lagoon, giving to
		
them a new meaning?
Arranging a multiplicity of productions in abandoned and unused sites would enhance the importance
of these areas in the lagoon context. If these productions would be located in the eroding salt production walls
area in the INTERTIDAL LANDSCAPE UNIT, these activities would give back to the disappearing structures a
meaning. This location would reduce the expensiveness of the intervention, since the structural sub-division of
the ponds is more or less present; it would protect the salt production walls from the eroding action of the tidal
fluctuations; it would offer opportunities of cultural promotion by attracting tourists to visit the area. Being a
representative element of the salt production culture of the lagoon, the former salt production walls could be used
for new purposes, depending on their status of conservation:
- They could be integrated within the new dike structure of the reclaimed land
- They could be used again as divisors for the different ponds within the reclaimed land
- The well-preserved clusters could be considered as points of interest and attractions
Establishing attractive spots and activities among the former salt production area would be beneficial
also for the touristic sector, since this nowadays forgotten area would be available of visiting. The recreational
network could be exploited in relation to the new intervention, by creating a maintained route or path which
ensures the connection between the urban outposts and the intertidal area, and in relation to the recreational
possibilities in the whole lagoon context, since every attraction pole developed individually neglecting the
continuity of landscape experience. The position of the former salt productive area in the lagoon context could
offer the opportunity of creating this connection, representing the missing link which would unify the different
landscape units.

fig 189 on next page - Seasonal
panorama visual from dikes towards
fruitful landscape, harbor and
immersive landscape
(own production)

fig. 188 - Revived landscape on 2100 diagram
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- MRTDQ - What sustainable design interventions protect the landscape of Ria de Aveiro from flood
		
hazards and simultaneously revive the disappearing valuable elements of the lagoon?

Throughout the Research-Through-Designing presented in this Report, several conclusions have been
obtained. First of all, considering the flooding occurrences registered in Ria de Aveiro and especially the threatening
possible future flooding occurrences, three different options are proposed, assessed and compared to reduce
the impact of the tidal fluctuations on the landscape units. Amongst these three options, establishing a land
reclamation within the intertidal landscape unit have been proved to provide benefits to the totality of the lagoon
in protective terms, while at the same time offering the possibility to valorize and preserve the disappearing
cultural elements of the lagoon: the abandoned salt production walls which are slowly but constantly being
eroded by the tidal force affecting the lagoon.
Even though this possible intervention does not ensure the highest protection to the landscape units
identified within the lagoon, this approach has a positive impact on all the different landscape units and subunits without causing loss of land nor activities. Investigating the qualities that the land reclamation intervention
should include, the allowance of limited and constrained tidal fluctuations within the design area would support
and reinforce the features which made the lagoon of Ria de Aveiro and especially its intertidal unit a natural niche,
becoming a stepping stone for migrating birds. In fact, neglecting water to inundate the intervention would create
an artificially protected dry landscape, completely different from the landscape of the lagoon and thus not fitting
in it.
The areas which compose the totality of the land reclamation intervention should be similar in order to
ensure the possible interchangeability of the singular elements which would be included in the design. Equalizing
the surfaces of the singular areas would simplify the created water dynamics, since they are dependent on the area
surfaces as long as on the features of the sluices which would allow the water exchange between them.

fig 189 - Seasonal panorama visual from dikes towards fruitful landscape, harbor and immersive landscape
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The protected areas could be at this point organized according to diverse requirements: for instance, they
could be used for remunerative activities which require tidal fluctuations, such as oyster production; they could
be protected and preserved in order to valorize the natural features of the landscape; they could be restored by
stimulating vegetation growth and animal presence.
Being the landscape an evolving machine, it is possible to predict and consequently design how the
landscape would evolve in the future; however, the more the prediction would be long sighted, the more uncertain
this future would be. The area interchangeability feature that is proposed has the goal of offering versatility,
leaving the possibilities open to eventual unexpected changes which could possibly occur in the future. Thus the
singular elements could be destined to different land uses, depending on the characteristics and occurrences that
will be present in that specific period. In this way, the design intervention attempts to be effective and especially
responsive on the possible implications which could happen in later stages after the implementation. Developing
focuses and points of interest within the design intervention by increasing the optional activities which could be
performed in the area would increase the attractivity that the design would possess on people and the importance
that these areas would assume in the lagoon’s context, stimulating a sense of care towards the nowadays forgotten
landscape.
Within all these aspects undoubtfully interconnected lies the essence of sustainability, which represents
a widespread concept composed of a multitude of elements which act together towards a main goal.
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6.3 - FURTHER RESEARCH

The evaluation of the designed proposal concludes with an investigation of the possible further research which could be generated by this Thesis Report. One of the aspects to consider is related to the different
approaches attempted and tested through the hydrodynamic model of NMEC Lab. In fact the three options
are not mutually exclusive, in the sense that each of them could be combined with the others in order to obtain
benefits from multiple approaches. However, due to the time constraints of this Thesis and to the complexity
which would be generated by the possible combinations of the different approaches, this possibility has been left
unexplored.
The degree of complexity of this combination would require an understanding of the landscape dynamics and how those would affect the lagoon in depth, also regarding the hydrodynamic model of NMEC Lab.
Being able to modify the model and test the possible future occurrences could be an important step to propose
innovative solutions.
However, to demonstrate the last time the effectivity of the selected approach to reduce the tidal
amplitude expected for the lagoon on 2100, the hydrodynamic model has been modified into an ideal future,
in which all the intertidal landscape unit is protected and valorized the same way is proposed in this Thesis Report. The results of the expected TIDAL PRISM and the relative flooding map are collected. The model prediction expects:
3

3

- A TIDAL PRISM of 189 mm /s compared with the original value of 252 mm /s, showing a
reduction of about 25%.
- A flood propagation completely neglected on the INTERTIDAL LANDSCAPE UNIT, and a decrease
in the flood propagation in the other INTERTIDAL LANDSCAPE UNIT or in the DUNAL LANDSCAPE
UNIT and HINTERLAND LANDSCAPE UNIT.

The obtained results, as predicted by the NMEC Lab hydrodynamic model, present particular features.
The expected TIDAL PRISM reduction would be of about 25%, affecting the TIDAL AMPLITUDE that would
be decreased of 0.45 m resulting into a value of 1.36 m. Considering these values, the expected average high tide
level would be + 4.86 m ASL, while the expected average low tide level would be + 3.49 m ASL. The obtained
flooding map demonstrates the effectivity of the intervention in the lagoon context: dangerous flooding would be
completely prevented within the reclaimed land, while at the same time the flooding occurrence would decrease
also in other landscape units.
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Legend of fig. 190

LAND RECLAMATION
IN TOTAL LAGOON’S AREA

- 25 %
+ Complete protection intertidal landscape unit
+ New activities in reclaimed land
+ Creation of historical - cultural attractive points
+ Cultural values preserved
+ New meaning on disappearing landscape
+ Possibility of Added values

fig. 190 - Land reclamation within the
total lagoon plan
(own production)
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fig. 190 - Land reclamation within the total lagoon plan
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7.1 - CORE HAZARD:
LITTORAL DRIFT
The littoral drift, as explained in Chapter 2.6 of this Thesis report, is an effect of coastal circulation
that affects Ria de Aveiro, which increased its impact on the lagoon coastline during the last century. Human
interventions have modified the character of the littoral drift in Ria de Aveiro, enhancing its action. However, it
is included among the Collateral Hazards because the enhanced action of the littoral drift would cause floods in
the touristic cities of Praia Barra and Costa Nova, damaging people and economic stakes, but all the cities inside
the lagoon borders would be affected only in minimal parts. Thus the modifications of the littoral drift would be
impacting in less extent the hydrodynamics of the whole lagoon than the tidal amplifications, besides presenting
anyway important implications.

Considering the southern coastline of Ria de Aveiro, from the inlet channel until the city of Mira, it is
shown that several portions of the coastline will suffer enhanced erosion. The sand dunes located in between the
cities of Costa Nova and Areão will suffer an extreme reduction in the next 100 years, which could be increased
by the possible implementation of sea defence structures such as breakwaters along the coastline, sometimes
even doubling the area of eroded shoreline. But most important, they would create a connection between the
ocean and the Mira Channel, opening new inlet channels with possible tremendous repercussions on the already
complex hydrodynamics of the lagoon.

Regarding the northern coastline of Ria de Aveiro, from the inlet channel until the city of Torreira, a
predicted deposition of sand close to the breakwater north of the inlet channel will increase the sand dunes due to
its current blocking action. From São Jacinto until Torreira, the expected erosion is similar to the southern portion
of the lagoon. In fact, a construction of a breakwater aimed to mitigate the current’s impact on the urban outposts
would lead to a duplication of the sand dunes area reclaimed by the ocean. So the construction of breakwaters
appears to be counterproductive, because it implicates a tremendous cost in terms of repercussions on the littoral
drift affecting the coastline.
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Legend of fig. 192

fig 191 on previous page - Satellite
image of Ria de Aveiro Lagoon
(adapted from: https://www.google.nl/
maps/)
fig. 192 - Saltwater and freshwater
flood prediction
(own production)
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fig. 192 - Saltwater and freshwater flood prediction

211

7.2 - COLLATERAL HAZARD:
SALINITY AND SEDIMENTATION
IN MIRA CHANNEL
The Mira Channel presents particular characteristics, if related to the context of Ria de Aveiro. Inside the
Mira Channel the tidal amplifications risk affect in less part its hydrodynamics because the triangular dike located
in the inlet channel allows only 10% of the total tidal prism to propagate in this portion of the lagoon (Dias, 2001).
In Mira Channel the hazards are mainly a consequence of the littoral drift and of the particular conditions of the
channel, thus it is included among the Collateral Hazards. The increased erosion caused by the littoral drift would
affect mostly the southern portion of the channel, especially from the city of Costa Nova until Gafanha da Boa
Hora and Areão. In fact the areas located in between the mentioned urban outposts would suffer an expected
loss of land of about 60%. The channel in itself, due to the restricted influence of the tidal amplification and
freshwater discharges, presents then hazards that are related mainly to the particular channel conditions. In the
Mira Channel are present dredged corridors 10 m deep which allow boat navigation in order to provide access to
the different recreational, industrial and touristic locations along the channel. Except those corridors, the average
depth in the Mira Channel reaches 1 m, as it is for the other main channels of the lagoon.

This strong difference in depth affects the currents that are generated in the channel; in fact, where the
corridors are located, the velocity of the water almost 4 times higher than the one registered close to the coast
(Dias, 2015). Strong differences in water velocity, as stated by Berendregt and Whingham (2009), generate higher
influence of the process of erosion and sedimentation, which in this case lead to an increased and continuous
deepening of the corridors and to a more sedimentation on the coastal areas. The sedimentation process appears
to have a lot more influence in the location that is currently designated as oyster production area. In this location,
almost at the beginning of the Mira Channel just after the coastal fisheries harbor, accentuated sedimentation is
creating some sort of bottle neck situation, in which the inlet is tightening and is generating higher water velocities
in its proximity. This accentuated accretion is due to the bivalve’s ability to trap sediments (Berendregt, 2009),
which enhances the process of accretion in the areas where those living organisms are located, and also by the
different salinity patterns registered in the channel, which even more enhances the process.

According to Vaz (2007), the average salinity value in Mira channel reaches the amount of 20 psu
compared to the average salinity of 35 psu registered in the other main channels. This value expresses the absolute
difference in water salinity between the two channels, but this value is not constant among the whole channel. The
two waters have different densities, and the presence of wider salinity ranges would stimulate sediment deposition
on the bottom channel (Berendregt et al., 2009). This process can be observed in the southern portion of the
Mira Channel, which restricts in narrow channels resembling a river mouth. Future trends in the next 100 years
expect that will be present an increase of the tidal prism as long as an increase in the freshwater inputs into the
lagoon, enhancing the process of sedimentation. This occurrence would restrict the channel gradually through the
northern part, increasing the presence of freshwater in the channel which would affect the oyster production areas
and the sedimentation and erosion in the dredged corridors.
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Legend of fig. 193

fig. 193 - Saltwater and freshwater
flood prediction for Mira channel
(own production)
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fig. 193 - Saltwater and freshwater flood prediction for Mira channel

213

7.3 - REFERENCE
DESIGNS
In order to obtain the necessary knowledge to implement the design intentions stated in the previous
chapters, some reference designs and literature are introduced in this section. At first, it is presented a literature
study on dikes and on how to design resilient dikes. Specifically, the chosen document analyses all the possible
ways of establishing a dike protection against the sea, grading and assessing them in relation with several aspects.
Secondly, this paragraph illustrates three reference design which have been chosen to explain the system of
controlling the tidal fluctuation within a reclaimed area. These reference designs are part of the same regional
plan (Sigmaplan), even though they have been implemented gradually in different areas. At first it is presented
the pilot project, Lippenbroek, which provided the necessary knowledge that made the other reference designs
possible. The other two reference designs are implementation of the system on a different location, thus considering
different landscape characteristics in terms of vegetation and water salinity, and on different scales, in order to
understand how the system and the landscape would behave and adapt to variations.

DIKE RESILIENCY
The first issue that needs special attention and additional knowledge is protection, specifically on how
to build and design resilient dikes which would prevent internal flooding. As discussed extensively by van Loon
- Steensma (2014), the characteristics of the dike in terms of slope, materials, vegetation and possible uses play a
fundamental role in the light of protection and even promotion of activities on the dike.
This study analyses and compares more than 30 different dike concepts assessing the strengths and
weaknesses of each dike type in relation to several factors. Moreover, those different characteristics are tested
into the Wadden Sea in the Netherlands and having to deal with ocean currents and erosion far greater than the
ones present in Ria de Aveiro. The study evidences that, amongst the multiple possible opportunities, the highest
protection from flooding would be achieved if the slope of the dike in contact with the tidal fluctuations will be
constituted by vegetation of the kind present in a salt marsh. The presence of salt marsh on the tidal slope of
the dike would not only enhance the sediment trapping on the dike, ensuring a progressive reinforcement of the
borders, but would also dampen the waves, thus mitigating the eroding action of the tidal fluctuations.

In order to obtain this result, the length – height proportion of the dike slope towards the lagoon should
be set at 7 to 1, which would stimulate vegetation growth and should resist to erosion and wave action, while in
the dike slope towards the protected area the length – height proportion could be set at 3 to 1, since it would not
face a constant eroding and wave action from the lagoon (van Loon - Steensma, 2014).
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fig 194 - Possible dike implementation

Legend of fig 195

fig 194 - Possible dike implementation
(adapted from: van Loon - Steesma,
2014)
fig 195 - Possible dike implementation
comparison table
(adapted from: van Loon - Steesma,
2014)
fig 195 - Possible dike implementation comparison table
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CONTROLLED REDUCED TIDE SYSTEM - “SIGMAPLAN”
The second aspect that is considered, in order to implement an intervention as explained in the previous
paragraph, is the tidal simulation within the reclaimed land. The reference for this aspect is the current actualization
of the Sigmaplan, a masterplan located in Belgium aimed to protect the riverbanks of the Schelde estuary. This
plan has been developed at first on 1977 to mitigate the future impact of extreme flooding, such as the one
experienced on 1976 in Flanders. The first plan implemented several Flood Control Areas (FCAs) provided with a
higher border ring dike and a lower inner overflow dike, serving as storage areas for exceeding storm surges water
and acting as a cushion between the river and the more important landscapes such as cities and agricultural fields.

When the water level was reaching exceptional heights, the lower overflow dike would allow the inundation
of the FCA to provide more space for the river; after the emergency period, during the ebb phase of the tide and
when the river level would become lower than the filled FCA, an outlet sluice provided with flaps would ensure
the water discharge back into the river, mimicking a low tide cycle. This system revealed to be quite effective
in reaching the protective goal, however some problems especially regarding the landscape created within the
FCAs have been identified. In fact, due to the height of the overflow dike, the FCAs experienced flooding once
or twice a year, which resulted to be not enough for the development of a natural landscape. For this reason, the
Sigmaplan have been reexamined on 2005 and evolved towards the fulfillment of nature objectives, by installing
in these FCAs, which already had an outlet sluice, also an inlet sluice which would simulate the high tide cycle. In
this way, this combined system would regulate the water cycles within the FCA, simulating a complete tidal cycle
(high tide and low tide) in order to provide benefits to the ecosystems located in the FCAs (Boerema et al., 2013;
De Beukelaer-Dossche and Decleyre, 2013; De Mulder et al.,2013).

fig 197 - FCA actual vegetation composition

fig 198 - FCA future vegetation composition

fig 196 - Interventions of tidal control on Schelde estuary
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fig 196 - Interventions of tidal control on
Schelde estuary
(adapted from: Boerema, A. et al. (2013))
fig 197 - FCA actual vegetation composition
(adapted from: De Mulder et al. (2013))
fig 198 - FCA future vegetation composition
(adapted from: De Mulder et al. (2013))
fig 199 - Waterflow in the FCA from the sluice
(adapted from: De Mulder et al. (2013))

CONTROLLED REDUCED TIDE SYSTEM - “LIPPENBROEK”
This system, called Controlled Reduced Tide (CRT), has been implemented at first on 2006 in Lippenbroek,
a FCA of 10 ha along the Schelde estuary in Belgium, and tested thoroughly in order to assess its effectivity for
habitat restoration. This system is composed by a sluice that has high inlet culverts and low outlet culverts: during
high tide, the inlet culverts are opened to allow water inside the intervention until a certain level; during low tide,
the outlet culverts are opened and the water flows gravitationally out of the intervention. Moreover, the inlet
culverts have variable thresholds in order to be able to increase and decrease the water volumes entering within
the intervention without modifying the amount of culverts (Boerema et al., 2013).

The amount of culverts then is dependent on the FCA surface and consequently on the water volume
needed to flood the area in a reasonable time period. In Lippenbroek has been installed a sluice formed by
three high inlet culverts of 1 m wide with adjustable thresholds, as shown in the plan and section below, which
simulates an ebb and flood tidal cycle within the FCA twice per day. And depending on the tidal cycle that is
intended to simulate, several flooding periods could be obtained in order to meet the ecological requests for a
wide range of habitats, which develop under different conditions. The monitoring phase of the Lippenbroek test
area shows that this system has been very effective, since the total control over the flooded area offers protection
from flooding and allows the management of ecological areas (Boerema et al., 2013).

fig 199 - Waterflow in the FCA from the sluice

fig 200 - Waterflow in the FCA from the protected area
fig 200 - Waterflow in the FCA from
the protected area
(adapted from: De Mulder et al. (2013))
fig 201 - Plan and section of the
openable sluice
(adapted from: De Mulder et al. (2013))
fig 201 - Plan and section of the openable sluice
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CONTROLLED REDUCED TIDE SYSTEM - “KRUIBEKE-BAZEL-RUPELMONDE”
Consequently, on 2012, an improved CRT system has been designed in Kruibeke-Bazel-Rupelmonde
(KBR), also along the Schelde estuary, involving an area of 180 ha. In this intervention the modularity of the CRT
system has been replicated in a bigger scale, by increasing the number of inlet and outlet culverts, even though
both sluices have been kept separated, as shown by the images. The whole complex has been completed by the
end of 2017, and it is currently under testing phase in order to fine tuning the tidal simulation effectivity. This
extended intervention is much more interesting than the Lippenbroek test area because it involves a wider range
of habitats and includes a landscape restoration aimed also to attract visitors into the newborn area.

It would not only ensure a flood protection five times more effective than the actual conditions, but it
would also create different flooding cycles which would define the diverse habitats, namely the swamp forest,
willow forest, meadows, reed beds. In order to serve as a storm surge emergency area, the currently present dike
along the Schelde would be lowered from + 8.50 m to + 6.80 m ASL for a total length of 8 km; instead, the dike in
between the FCA and the agricultural fields would not be modified. Through this feature, the dike system during
extreme high waters would allow the complete inundation of the FCA with excess water that will be discharged
when the water level in the Schelde would eventually decrease during a low tide (De Mulder et al.,2013).
The restoration of different habitats due to the diverse simulated tidal cycles would offer to the eventual
visitors an immersive experience. In fact, in the project are included walking paths designed on purpose to exploit
the landscape potentials: there is a path involving waterworks, in which the visitors would understand the concept
of the sluice and how thorough the adjustable thresholds would be possible to simulate a tidal cycle; there is
an ecological path, which would pass through the requalified natural areas, allowing the visitors to appreciate
the several landscapes and their different qualities; a historical path, which would bring the visitors towards the
historical buildings present in the area, such as a castle and a “tidemill”, both dated 16th century. And, in order to
allow the visitor to appreciate the landscape dynamicity and its continuous change, all these paths are available
for visiting even while the implementation is in progress (De Mulder et al.,2013).

fig. 202 - KBR landscape plan

fig. 203 - KBR sluice plan and section
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fig. 202 - KBR landscape plan
(https://www.sigmaplan.be/en/projects/polders-ofkruibeke/)
fig. 203 - KBR sluice plan and section
(adapted from: De Mulder et al. (2013))
fig. 204 - Bird’s eye view of KBR landscape design
(https://www.v nsc.eu/nieuws/11547overstromingsgebieden-bewijzen-nut-bij-stormtij.
html )

fig. 204 - Bird’s eye view of KBR landscape design

fig. 205 - Openable gates of the sluice from FCA

fig. 205 - Openable gates of the sluice from FCA
(https://www.gs-esf.be/downloads/2015-02-11/1_
MVdE_Info-vormingsdag_GS-11022015.pdf)
fig. 206 - Openable gates of the sluice from
Schelde river
(https://www.gs-esf.be/downloads/2015-02-11/1_
MVdE_Info-vormingsdag_GS-11022015.pdf)
fig. 206 - Openable gates of the sluice from Schelde river
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CONTROLLED REDUCED TIDE SYSTEM - “BERGENMEERSEN”
Following the example of KBR, along the Schelde estuary another FCA have been adapted in order
to fulfill the ecological goals depicted in the updated Sigmaplan of 2006. This case is Bergenmeersen, which
combines the inlet and the outlet sluices into a unique structure. In fact, the inlet culverts are located on top of
the outlet culverts, as shown in the image below. This combined structure has been preferred to the separated
inlet and outlet culverts for several reasons: it is needed just one building, which means less costs of materials and
maintenance; the water dynamics are concentrated in one location, which stimulates the formation of creeks in a
natural way (De Beukelaer-Dossche and Decleyre, 2013).

fig 5. area total

fig. 207 - Bergenmeersen location along Schelde river

fig. 208 - Bergenmeersen plan

fig. 209 - Bergenmeersen sluice plan and section
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fig. 207 - Bergenmeersen location along Schelde river
(adapted from: De Beukelaer-Dossche, Decleyre (2013))
fig. 208 - Bergenmeersen plan
(adapted from: De Beukelaer-Dossche, Decleyre (2013))
fig. 209 - Bergenmeersen sluice plan and section
(adapted from: De Beukelaer-Dossche, Decleyre (2013))
fig. 210 - Bergenmeersen FCA flooded
(adapted from: De Beukelaer-Dossche, Decleyre (2013))

fig. 210 - Bergenmeersen FCA flooded

fig. 211 - Bergenmeersen FCA exposed
Also Bergenmeersen, as it happens for the other reference CRTs, has been implemented for a dual
function: protect the Schelde river banks from flooding and ensure ecological restoration of the Flood Control
Area. Before being adopted as protected area, in Bergermeersen was present agriculture of grasslands; some of
these areas have been maintained while others have been substituted with freshwater wetland vegetation which is
expected to take over the grasslands in few years. In the areas close by the inlet and outlet sluice, since they would
be flooded frequently, the vegetation would be substituted with mudflats. Based on the knowledge obtained with
the previous interventions, Bergermeersen would also establish complex communities of mammals and birds since
it includes in one project a multitude of different landscapes: from the freshwater wetland vegetation to mudflats
to willow forests. This diversification stimulates the development of an attractive habitat, in fact the area has been
provided with a boardwalk which would allow visitors to pass through the landscape. (De Beukelaer-Dossche and
Decleyre, 2013)

fig. 212 - Bergenmeersen sluice bird’s eye view
fig. 211 - Bergenmeersen FCA exposed
(adapted from: De Beukelaer-Dossche, Decleyre (2013))
fig. 212 - Bergenmeersen sluice bird’s eye view
(adapted from: De Beukelaer-Dossche, Decleyre (2013))
fig. 213 - Bergenmeersen recovered landscape
(adapted from: De Beukelaer-Dossche, Decleyre (2013))
fig. 213 - Bergenmeersen recovered landscape
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7.4 - FROM SKETCHES TO
VISUALS

fig. 214 - Preliminary water level studies
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fig. 215 - Detailing and concept sketches
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fig. 216 - Visualization sketches
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fig. 217 - Final and concept sketches
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fig. 218 - Clay model base renderings 1
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fig. 219 - Clay model base renderings 2
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fig. 220 - Sketched renderings 1
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fig. 221 - Sketched renderings 2
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7.5 - LEGO SLUICE
MAQUETTE

fig. 222 - LEGO maquette photo 1
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fig. 223 - LEGO maquette photo 2
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fig. 224 - LEGO maquette photo 3
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fig. 21 - Contrasting the flooding cause (own production)
fig. 22 - Adapting to the flooding cause (own production)
fig. 23 - Methodological Framework scheme (own production)
fig. 24 - Satellite image of Ria de Aveiro Lagoon (adapted from: https://www.google.nl/maps/)
fig. 25 - Lagoon’s historical development (own production)
fig. 26 - Lagoon’s channels (own production)
fig. 27 - Tidal Forces scheme (own production)
fig. 28 - Tidal prism diagram (own production)
fig. 29 - Saltwater and freshwater flood prediction (own production)
fig. 30 - Tidal Prism - Tidal Dominance - Tidal Phase in relation (own production)
fig. 31 - Schematic representation of water precipitation (own production)
fig. 32 - Freshwater and saltwater inputs in the lagoon (own production)
fig. 33 - Impact of breakwaters on Littorall Drift (own production)
fig. 34 - Flood dominance in Littoral Drift (own production)
fig. 35 - Ebb dominance in Littoral Drift (own production)
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fig. 37 - Dunal landscape unit section (own production)
fig. 38 - Intertidal landscape unit section part 1 (own production)
fig. 39 - Intertidal landscape unit section part 2 (own production)
fig. 40 - Hinterland landscape unit section (own production)
fig. 41 - The landscape as it is (own production)
fig. 42 - Tidal characteristics on 2018 in Ria de Aveiro (own production)
fig. 43 - Sea level rise prediction 2100 (own production)

fig. 44 - Total tidal prediction on 2100 (own production)
fig. 45 - Hazards relation with saltwater and freshwater flood prediction (own production)
fig. 46 - Tidal prism diagram (own production)
fig. 47 - Sea level rise prediction 2100 (own production)
fig. 48 - Saltwater and freshwater flood prediction (own production)
fig. 49 - Total tidal prediction on 2100 (own production)
fig. 50 - Saltwater flood prediction on intertidal landscape unit (own production)
fig. 51 - Saltwater flood prediction on marginal areas (own production)
fig. 52 - Saltwater flood prediction on channels (own production)
fig. 53 - Impact of flood prediction on landscape units section (own production)
fig. 54 - Satellite image of Ria de Aveiro Lagoon (adapted from: https://www.google.nl/maps/)
fig. 55 - Dike protection along lagoon’s borders section (own production)
fig. 56 - Dike protection along lagoon’s borders plan (own production)
fig. 57 - Inlet channel sediments refill section (own production)
fig. 58 - Inlet channel sediments refill plan (own production)
fig. 59 - Land reclamation in disappearing landscape section (own production)
fig. 60 - Land reclamation in disappearing landscape plan (own production)
fig. 61 - Comparative sections of the 3 options (own production)
fig. 62 - Widest surface option (own production)
fig. 63 - Extreme separation option (own production)
fig. 64 - Clustering option (own production)
fig. 65 - Satellite image of Ria de Aveiro Lagoon (adapted from: https://www.google.nl/maps/)
fig. 66 - Currently disappearing landscape on 2017 diagram (own production)
fig. 67 - Vanished landscape on 2100 diagram (own production)
fig. 68 - Protected landscape on 2100 diagram (own production)
fig. 69 - Active landscape on 2100 diagram (own production)
fig. 70 - Versatile landscape on 2100 diagram (own production)
fig. 71 - Revived landscape on 2100 diagram (own production)
fig. 72 - Forming process elements diagram (own production)
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fig. 75 - Current situation of the salt productive area groups (own production)
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fig. 82 - Main sluice FCA charge phase on 2018 (own production)
fig. 83 - Main sluice FCA stagnation phase on 2018 (own production)
fig. 84 - Main sluice FCA discharge phase on 2018 (own production)
fig. 85 - Neap tide simulation in FCA on 2018 (own production)
fig. 86 - Spring tide simulation in FCA on 2018 (own production)
fig. 87 - Tidal curve of Ria de Aveiro on 2018 (own production)
fig. 88 - Main sluice FCA charge phase on 2100 (own production)
fig. 89 - Main sluice FCA stagnation phase on 2100 (own production)
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fig. 91 on previous page - Neap tide simulation in FCA on 2100 (own production)
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fig. 96 - Water exchange between FCAs on 2100 (own production)
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fig. 98 - Main road in Gafanha de Nazare’ (adapted from: https://www.google.nl/maps/)
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fig. 99 - Road towards the harbor in Gafanha de Nazare’ (adapted from: https://www.google.nl/maps/)
fig. 100 - Design area paths and important locations (own production)
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fig. 103 - Transforming the landscapes in the design area (own production)
fig. 104 - Design area total intervention plan - Scale 1:10000 (own production)
fig. 105 - Design area total cross-section - Scale 1:5000 (own production)
fig. 106 - Ring dike section - Scale 1:200 (own production)
fig. 107 - Crossing dike section - Scale 1:200 (own production)
fig. 108 - Bird’s eye view of the design area (own production)
fig. 109 - Acacia Longifolia flowering (https://drijen.hr/sl/product/mimoza-2/)
fig. 110 - Acacia Longifolia during winter (https://commons.wikimedia.org/wiki/File:Acacia_longifolia.jpg)
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fig. 114 - Tamarix Ramosissima flower detail (https://plantright.org/invasive/tamarix-ramosissima/)
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fig. 122 - Halimione Portulacoides flower detail (https://wilde-planten.nl/af beeldingen/foto/gewone%20zoutmelde/blad1-g.jpg)
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fig. 144 - Fruitful landscape visual 1 from dike (own production)
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fig. 151 - Harbor connections and paths (own production)
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fig. 153 - Harbor plan - Scale 1:2000 (own production)
fig. 154 - Harbor visual from viewpoint (own production)
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fig. 155 - Harbor visual from arrival point (own production)
fig. 156 - Staircase visual from dike (own production)
fig. 157 - Staircase plan - Scale 1:1000 (own production)
fig. 158 - Staircase rendered section - Scale 1:200 (own production)
fig. 159 - Harbor rendered section - Scale 1:200 (own production)
fig. 160 - Staircase visual from terraces (own production)
fig. 161 - Immersive landscape visual from staircase (own production)
fig. 162 - Immersive landscape mouths and channels (own production)
fig. 163 - Immersive landscape paths (own production)
fig. 164 - Immersive landscape plan - Scale 1:5000 (own production)
fig. 165 - Immersive landscape cross-section - Scale 1:2000 (own production)
fig. 166 - Section Im. 1 - Scale 1:200 (own production)
fig. 167 - Section Im. 2 - Scale 1:200 (own production)
fig. 168 - Section Im. 3 - Scale 1:200 (own production)
fig. 169 - Section Im. 4 - Scale 1:200 (own production)
fig. 170 - Immersive landscape visual from staircase terraces (own production)
fig. 171 - Immersive landscape visual from open boardwalk (own production)
fig. 172 - Resistive landscape mouths and channels (own production)
fig. 173 - Resistive landscape paths (own production)
fig. 174 - Resistive landscape plan - Scale 1:5000 (own production)
fig. 175 - Resistive landscape cross-section - Scale 1:2000 (own production)
fig. 176 - Section Res. 1 - Scale 1:200 (own production)
fig. 177 - Section Res. 2 - Scale 1:200 (own production)
fig. 178 - Section Res. 3 - Scale 1:200 (own production)
fig. 179 - Section Res. 4 - Scale 1:200 (own production)
fig. 180 - Resistive landscape visual 1 from dike (own production)
fig. 181 - Resistive landscape visual 2 from dike (own production)
fig. 182 - ECOncrete available elements (adapted from: https://www.scapestudio.com/projects/living-breakwaters-design-implementation/)
fig. 183 - Revived landscape diagram (adapted from: https://www.scapestudio.com/projects/living-breakwaters-design-implementation/)
fig 184 - Seasonal panorama visual from dikes towards fruitful landscape, harbor and immersive landscape (own production)
fig 185 - Satellite image of Ria de Aveiro Lagoon (adapted from: https://www.google.nl/maps/)
fig. 186 - Comparative sections of the 3 options (own production)
fig. 187 - Versatile landscape on 2100 diagram (own production)
fig. 188 - Revived landscape on 2100 diagram (own production)
fig 189 - Seasonal panorama visual from dikes towards fruitful landscape, harbor and immersive landscape (own production)
fig. 190 - Land reclamation within the total lagoon plan (own production)
fig 191 - Satellite image of Ria de Aveiro Lagoon (adapted from: https://www.google.nl/maps/)
fig. 192 - Saltwater and freshwater flood prediction (own production)
fig. 193 - Saltwater and freshwater flood prediction for Mira channel (own production)
fig 194 - Possible dike implementation (adapted from: van Loon - Steesma, 2014)
fig 195 - Possible dike implementation comparison table (adapted from: van Loon - Steesma, 2014)
fig 196 - Interventions of tidal control on Schelde estuary (adapted from: Boerema, A. et al. (2013))
fig 197 - FCA actual vegetation composition (adapted from: De Mulder et al. (2013))
fig 198 - FCA future vegetation composition (adapted from: De Mulder et al. (2013))
fig 199 - Waterflow in the FCA from the sluice (adapted from: De Mulder et al. (2013))
fig 200 - Waterflow in the FCA from the protected area (adapted from: De Mulder et al. (2013))
fig 201 - Plan and section of the openable sluice (adapted from: De Mulder et al. (2013))
fig. 202 - KBR landscape plan (https://www.sigmaplan.be/en/projects/polders-of-kruibeke/)
fig. 203 - KBR sluice plan and section (adapted from: De Mulder et al. (2013))
fig. 204 - Bird’s eye view of KBR landscape design (https://www.v nsc.eu/nieuws/11547-overstromingsgebieden-bewijzen-nut-bij-stormtij.html )
fig. 205 - Openable gates of the sluice from FCA (https://www.gs-esf.be/downloads/2015-02-11/1_MVdE_Info-vormingsdag_GS-11022015.pdf)
fig. 206 - Openable gates of the sluice from Schelde river (https://www.gs-esf.be/downloads/2015-02-11/1_MVdE_Info-vormingsdag_GS-11022015.pdf)
fig. 207 - Bergenmeersen location along Schelde river (adapted from: De Beukelaer-Dossche, Decleyre (2013))
fig. 208 - Bergenmeersen plan (adapted from: De Beukelaer-Dossche, Decleyre (2013))
fig. 209 - Bergenmeersen sluice plan and section (adapted from: De Beukelaer-Dossche, Decleyre (2013))
fig. 210 - Bergenmeersen FCA flooded (adapted from: De Beukelaer-Dossche, Decleyre (2013))
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fig. 211 - Bergenmeersen FCA exposed (adapted from: De Beukelaer-Dossche, Decleyre (2013))
fig. 212 - Bergenmeersen sluice bird’s eye view (adapted from: De Beukelaer-Dossche, Decleyre (2013))
fig. 213 - Bergenmeersen recovered landscape (adapted from: De Beukelaer-Dossche, Decleyre (2013))
fig. 214 - Preliminary water level studies (own production)
fig. 215 - Detailing and concept sketches (own production)
fig. 216 - Visualization sketches (own production)
fig. 217 - Final and concept sketches (own production)
fig. 218 - Clay model base renderings 1 (own production)
fig. 219 - Clay model base renderings 2 (own production)
fig. 220 - Sketched renderings 1 (own production)
fig. 221 - Sketched renderings 2 (own production)
fig. 222 - LEGO maquette photo 1 (own production)
fig. 223 - LEGO maquette photo 2 (own production)
fig. 224 - LEGO maquette photo 3 (own production)
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