-

View metadata, citation and similar papers at core.ac.uk brought to you byff CORE

provided by Hydraulic Engineering Repository

HENRY

Hydraulic Engineering Repository

Ein Service der Bundesanstalt fur Wasserbau

Conference Paper, Published Version

Lima, Marcia; Coelho, Carlos

Assessing Costs and Benefits of Coastal Structures to
Mitigate Erosion

Verflgbar unter/Available at: https://hdl.handle.net/20.500.11970/106702

Vorgeschlagene Zitierweise/Suggested citation:

Lima, Marcia; Coelho, Carlos (2019): Assessing Costs and Benefits of Coastal Structures to
Mitigate Erosion. In: Goseberg, Nils; Schlurmann, Torsten (Hg.): Coastal Structures 2019.
Karlsruhe: Bundesanstalt fir Wasserbau. S. 864-873.
https://doi.org/10.18451/978-3-939230-64-9 086.

Standardnutzungsbedingungen/Terms of Use:

Die Dokumente in HENRY stehen unter der Creative Commons Lizenz CC BY 4.0, sofern keine abweichenden
Nutzungsbedingungen getroffen wurden. Damit ist sowohl die kommerzielle Nutzung als auch das Teilen, die
Weiterbearbeitung und Speicherung erlaubt. Das Verwenden und das Bearbeiten stehen unter der Bedingung der
Namensnennung. Im Einzelfall kann eine restriktivere Lizenz gelten; dann gelten abweichend von den obigen
Nutzungsbedingungen die in der dort genannten Lizenz gewahrten Nutzungsrechte.

Documents in HENRY are made available under the Creative Commons License CC BY 4.0, if no other license is
applicable. Under CC BY 4.0 commercial use and sharing, remixing, transforming, and building upon the material
of the work is permitted. In some cases a different, more restrictive license may apply; if applicable the terms of
the restrictive license will be binding.

(OMOM



https://core.ac.uk/display/347188691?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Coastal Structures 2019 - Nils Goseberg, Torsten Schlurmann (eds) - © 2019 Bundesanstalt fiir Wasserbau
ISBN 978-3-939230-64-9 (Online) - DOI: 10.18451/978-3-939230-64-9_086

Assessing Costs and Benefits of Coastal Structures to Mitigate
Erosion

M. Lima & C. Coelho
RISCO and Department of Civil Engineering, Aveiro University, 3810-193 Aveiro, Portugal

Abstract: Future investments required for the construction and maintenance of coastal defence
structures are expected to increase due to growing coastal erosion problems along social,
environmental and economically valuable coastal areas. The high costs related with coastal erosion
mitigation structures require improved knowledge on their performance, considering impacts, costs
and benefits. The benefits of a coastal intervention scenario can be estimated through the evaluation of
the territory maintained, gained, or lost, along the time. For this purpose, the shoreline evolution
numerical model LTC (Long-Term Configuration) was considered and applied. Coastal intervention
costs (construction and maintenance) are based on structures dimensions and required material. To
define the structure geometry (cross-section and length) and, consequently, the structure volume
(knowing local bathymetry and topography), the numerical pre-design tool XD-Coast (Xpress Design
of COAstal Structures) was applied. To compare and assess the economic viability of different coastal
intervention scenarios, a cost-benefit analysis was performed, considering the net present value (NPV)
and the benefit-cost ratio (BCR) evaluation criteria. The developed work shows that the definition of
coastal structures is complex, where the best physical solutions are sometimes related to very high
costs and, on the other hand, best economic scenarios lead to high territory losses.

Keywords: coastal defence, numerical modelling, coastal structures impacts, land values, coastal
management

1 Introduction

Coastal zones experience increased rates of erosion, mainly due to fluvial sediment supply reduction,
as well as coastal areas degradation and transformation due to anthropogenic actions. Additionally,
climate change effects also increase coastal erosion problems (Nicholls, 2002; EEA, 2006; Alves et
al., 2009; Robinson, 2017). As a coastal erosion consequence, a growing trend of conflicts between
shoreline evolution, land use and erosion mitigation measures is observed (Coelho et al., 2016).
Despite coastal erosion impacts being confined to coastal areas, these areas host over 40% of the
world population, as well as a wide variety of coastal ecosystems that provide various different
services (Martinez et al., 2007; Roebeling et al., 2011). One approach to mitigate erosion problems is
coastal protection, involving defence techniques to preserve vulnerable areas, such as population
centres, economic activities and natural resources. These strategies to mitigate coastal erosion are
mainly reactive and tend to not include local stakeholders in the decision-making process (O’Riordan
et al., 2014). Although some erosion impacts can be mitigated through coastal protection works, such
measures may represent negative second order impacts for coastal environments and social and
economic life (EEA, 2013).

Over the last decades the focus of studies moved from physical effectiveness to a more
comprehensive management of coastal zones, evaluating adaptation measures with economic tools
such as cost-effectiveness, cost-benefit and efficiency analyses (Breil et al., 2007). According to
Roebeling et al. (2018), cost-effectiveness studies provide insight in what adaptation measures achieve
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coastal protection objectives at least cost. Cost-benefit studies provide insight in what adaptation
measures/strategies provide largest net benefits, assessing costs and benefits of engineering measures.
In short, coastal zone managers should, amongst others, rely on cost-benefit analyses when defining
protection, adaptation and/or retreat strategies (Nicholls and Tol, 2006).

Coastal protection works, like groins and longitudinal revetments, need to be thoroughly evaluated
before the intervention, as they represent a particular interference with the coastal environment and,
hence, lead to multiple, divergent and location-specific impacts, and imply large investment, as well
as maintenance costs. Therefore, this work aims to present a methodology to analyse and discuss the
most adequate coastal structures to mitigate coastal erosion in combination with socio-environmental-
economic expertise, considering the costs and benefits related to each intervention, by applying a cost-
benefit approach. The goal of the proposed methodology is to support decision-making for planning
and coastal management with sustainable coastal interventions, by encompassing the assessment of
the shoreline evolution impacts (with a shoreline evolution model, LTC, Coelho, 2005), and the
design of coastal structures (applying a coastal structures design model, XD-Coast, Lima et al., 2013),
allowing the final costs and benefits analysis. To show the relevance of the methodology, different
interventions scenarios have been proposed to protect a hypothetical urban waterfront from a coastal
erosion trend. The adopted scenarios encompass groins and longitudinal rubble mound revetments.
Considering the previous, in the next section the costs and benefits coastal assessment method is
described. Next, a description of the hypothetical case study is presented, including the reference
scenario, and all the proposed intervention scenarios. Then, the results are shown and major
conclusions are drawn.

2 Methodology

The proposed methodology encompass three stages (Fig. 1) to evaluate the physical and economic
performance of groins and longitudinal rubble mound revetments: shoreline evolution projection in a
medium-term horizon (by applying the LTC numerical model; Coelho, 2005), that leads to estimate
the benefits of the intervention; pre-design of the coastal structure and its material volumes (with the
support of XD-Coast model; Lima et al., 2013), that allows to estimate the construction and
maintenance costs; and finally, taking into account the previous results, a cost-benefit assessment to
each intervention scenario (based on Roebeling et al., 2011 methodology).

XD-Coast
model

SHORELINE EVOLUTION STRUCTURE
ASSESSMENT PRE-DESIGN
Accretion / erosion areas Material volume

COST-BENEFIT ANALYSIS OF
COASTAL DEFENSE SCENARIOS

Fig. 1.  Methodology to assess the physical and economic performance of different coastal interventions scenarios.

2.1 Shoreline Evolution Assessment

The one-line theory was introduced by Pelnard-Considere (1956) and its purpose is to describe long-
term variations in shoreline position (Larson et al., 1987). The theoretical work of Pelnard-Considére
is the basis for many numerical models that have been successfully applied to simulate shoreline
response to wave and current actions. In this theory, the beach profile is assumed to maintain a
constant shape, implying that all bottom contours are parallel. Consequently, under this assumption it
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is sufficient to consider the movement of one line in studying the shoreline change, and that line is
conveniently taken to be the shoreline (Larson et al., 1987). One-line models are formulated based on
the conservation equation of sediments in a control volume or shoreline stretch and on an alongshore
sand transport equation (Rosati et al., 2002).

The numerical model to simulate shoreline evolution (LTC — Long-Term Configuration) was
developed to support coastal zone planning and management in relation to erosion problems (Coelho,
2005; Coelho et. al, 2007). LTC combines a simple classical one-line model with a rule-based model
for erosion/accretion volumes distribution along the beach profile. This model was designed for sandy
beaches, where the main cause of shoreline evolution is the alongshore sediment transport gradients,
dependent on the wave climate, water levels, sediment sources’ and sinks, sediment characteristics
and boundary conditions. The model inputs are the wave’s climate and water level and the bathymetry
and topography of the landward adjacent zones which is changed during calculation (Silva et al.,
2007).

The sediment transport volumes are estimated by formulae that consider the angle of the shoreline
to oncoming breaking waves, the breaking wave height, the beach slope and the sediment grain size.
Using three-dimensional topographic data that is continuously updated during simulation, the model
assumes that each wave acts during a certain period of time At (computational time step) and is able to
distribute erosion or accretion resulting from longshore transport along the active cross-shore profile.
The 3D topo-bathymetric model is continuously updated during simulation, allowing distributing
erosion or accretion sediment volumes between each computational time step. The wave
transformation by refraction, diffraction and shoaling is modelled in a simplified manner (Coelho et
al., 2007), always taking into consideration the updated bathymetric data of each time step. According
to Coelho (2005), the refraction effects in LTC are estimated through Snell's law, while the shoaling
effect is calculated assuming that Airy's linear theory of sinewaves is valid. The diffraction effects are
only calculated for beach extensions located downdrift the groins, considering a simplified method,
based on Sorensen et al. (2003). The shoreline evolution numerical model LTC was considered to
estimate the benefits of a coastal intervention scenario through the evaluation of the territory
maintained, gained, or lost, along the time. In the cost-benefit assessment, a land use value is assigned
to every year area gained, maintained or lost along the shoreline evolution simulation time horizon.

2.2 Structures Pre-Design

Coastal intervention costs estimate (construction and maintenance) is based on structures dimensions
and required material. Thus, it is necessary to define the type of blocks and geometry of the structure
(cross-section and length) and, consequently, the structure volume (knowing local wave climate and
bathymetry and topography from the shoreline evolution assessment). The numerical pre-design tool
XD-Coast was applied (Lima, 2018). XD-Coast software (Xpress Design of COAstal Structures) was
developed in Microsoft Visual C# language, allowing the calculation of armour layer blocks unit
weight, considering different formulations and types of structures. Furthermore, the main
characteristics of the cross-section are also defined, in function of the armour layer blocks unit weight
(Lima et al., 2013). Thus, the XD-Coast is divided into two main parts: estimative of the armour layer
blocks unit weight; and cross-shore geometric characteristics definition (Fig. 2).

- o x
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Fig.2.  Design of the groin cross-section with XD-Coast.
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In the first part, the user chooses the type of structure and the formulation required to calculate the
block weight of its resistant layer. Afterward, in the second part, depending on the first part results, a
schematization of the cross-section can be obtained (Lima, 2018). The software allows to consider
three different formulations for calculations related to non-overtopped structures: Hudson (1974), van
der Meer (1988a) for rocks and van der Meer (1988b) and De Jong (1996) for tetrapod. For low-
crested and submerged structures, the model has one formulation available: van der Meer (1991) for
rocks. The coastal structures are exposed to several energetic loads, as waves, currents and tides, but
the software only considers the load represented by the wave height. Once the cross-section is defined,
knowing the bathymetry and topography at the structures location, the total dimension and the volume
of each structure layer and type of material is calculated. In the cost-benefit module, monetary values
are assigned to the materials volumes and structures maintenance requirements (Lima, 2018).

2.3 Cost-Benefit Analysis

To compare and assess the economic viability of different coastal intervention scenarios, a cost-
benefit analysis is performed (following Roebeling et al., 2011), considering the net present value
(NPV) and the benefit-cost ratio (BCR) evaluation criteria (Zerbe and Dively, 1994). Costs and
benefits are compared to the no intervention scenario, where costs (C;) are defined as the additional
initial investment and recurrent maintenance costs (in €/year) and benefits (B;) are defined as territory
maintained, gained or lost, due to the intervention (in €/year). Initial investment and recurrent
maintenance costs are based on XD-Coast structures design, and erosion/accretion areas are based on
LTC shoreline evolution results.

The NPV evaluation criterion is given by the sum of discounted benefits minus the sum of
discounted costs that occur in each period t, over the lifetime of the project T (Zerbe and Dively,
1994), and is given by:

L B L C,
NPV =
Z_[;‘(1+ r) §(1+r)

(M

Where is the time discount rate. The investment is considered economically viable when the NPV > 0,
i.e. when the present value benefits (first term on right-hand side of Equation 1) exceed the present
value costs (second term on right-hand side). The BCR evaluation criterion is given by the sum of
discounted benefits relative to the sum of discounted costs that occur in each period t, over the lifetime
of the project T (Zerbe and Dively, 1994), and is given by:

BCR = Z /
1 1
(+J) (+J) 2

The investment is considered economically viable when the BCR > 1, i.e. when the present value
benefits (numerator on right-hand side of Equation 2) exceed the present value costs (denominator on
right-hand side). Note that the BCR = 1 when the NPV = 0.

The benefits (positive if the territory is maintained or gained, and negative if the territory is lost)
are obtained taking into account the land value (considering all the environmental, social and cultural
aspects in the adopted value). Costanza et al. (1997) present provided services of different ecosystems
that can work as preliminary reference for land use values. Maintained, gained or lost territory along
time results of comparing the shoreline evolution of two different scenarios: the intervention scenario
and the reference scenario. In Fig. 3, the methodology for benefits calculation considered in this work
is schematized. The positive benefits (green hatch) encompass the accretion area due to the coastal
intervention (a groin, in the presented example) and the area not eroded due to the groin presence. The
negative benefits correspond to the increased erosion in the coastal intervention scenario that would
not occur in the reference scenario (red hatch).
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Fig.3.  Scheme representing the shoreline physical balance adopted to define the intervention benefits.

Considering Fig. 3, the physical impact is understood as the difference between the erosion areas of
the reference scenario and the intervention scenario, added to the accretion area of the intervention
scenario, at the time instant under analysis. The economic performance of each coastal intervention
scenario is evaluated by the net present value (NPV), the ratio between benefits and costs (BCR) and
the break-even point, which represents the instant, during the simulation period, when the total
benefits equal the total costs of the intervention (BCR = 1 and NPV = 0).

3 The case study

The reference scenario adopted in this study represents the natural shoreline evolution, without coastal
interventions. To allow the comparison between the different scenarios, a baseline scenario for groins
and longitudinal rubble mound revetments were also defined. Starting from each baseline scenario,
some intervention characteristics were changed and 17 other scenarios were defined and analysed (10
scenarios with groins, 4 scenarios with longitudinal revetments and 3 combining both structures).

3.1 Reference Scenario

The reference scenario is a hypothetical scenario with a regular topo-bathymetry represented by a
regular square grid (20 m spaced), with 401 x 501 points (respectively, in the cross-shore and
longshore directions), which results in a spatial domain area of 8 000 x 10 000 m*. The bathymetry
was generated according to the Dean profile (Dean, 1991), considering the parameter A and m,
respectively 0.127 and 2/3. For the topography (above reference water level, 0.0 m) a constant slope
of 2% was considered. The wave climate was considered constant in all the simulations, with offshore
wave height (Hy) of 2 m, wave period of 9.34 seconds (T) and 10 degrees wave direction with West,
clockwise (a). The active cross-shore profile was limited by the depth of closure (DoC = 8 m) and by
the wave run-up (R,, = 2 m), which result in a total active profile height of 10 m (considered constant
along the time horizon of the simulations). At the northern boundary of the domain, a null input of
sediments was considered and in the southern boundary, an extrapolation of the longshore sediment
transport nearby conditions was adopted. A time-step of one hour and a time horizon of 20 years were
admitted in all the scenarios. Annual shoreline position outputs were recorded allowing the evaluation
of every year eroded and accreted areas. Different time horizons could be considered. In extended
time horizons, the shoreline would tend to an equilibrium position and results would depend on the
maintenance costs of the structures and the land use values evolution. However, long periods of
analysis have higher uncertainties, as other factors may present relevant changes (prices evolution,
unexpected interventions, changing policies, etc.).

To estimate territory value, the land use provided services were considered by defining three
different zones along the coast, with landward constant value (Tab. 1). From North to South, beaches,
an urban area and forests were considered, where the highest value was attributed to the urban area, in
a longshore extension of 1.5 km. The beach allows coastal protection and recreational uses, the urban
area may support several different activities and uses (restaurants, hotels, economic services, etc.) and
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finally, the forest provide climate regulation, timber, habitat for biodiversity, erosion control and
many others (Costanza et al., 1997; 2014; Roebeling et al., 2018). The time discount rate (r) was
considered 3% (based on Roebeling et al., 2018).

Tab. 1.  Economic land value defined in the case study (based on Roebeling et al., 2018).

.. . Extension Value
Description (km) Location (km) (€ /m? fyear)
Zone 3 Beaches North limit 1.0 2.00
Zone 2 Urban area Intermediate 1.5 10.00
Zone 1 Forests South limit 7.5 0.20

Fig. 4 shows that the shoreline evolution represents important erosion problems along time (5, 10 and
20 years) and all the urban waterfront extension is affected by erosion.

F—134m—y H— 160m —} J—— 236m —f
* %
1.0 km % 87356 m’ \/7%» \/7% // 7
Beaches Beaches Beaches /// 172 313m’
1.5 km //
/ 151 684 m’
Urban area Urban area Urban area /
/
7
2.5 km 458 m® 6059 m”
Forests Total: 104 162 m* Forests Total: 196 379 m* Forests f Total: 365 458 m*
5 years 10 years 20 years
5.0 km

Domain where shoreline position has only residual changes

Fig.4.  Shoreline position in the reference scenario, along the time (horizontal scale 10 times the vertical scale).

The economic performance is based on the unit values considered for each coastal zone (€/m*/year).
The NPV was estimated at the end of each year of simulation: after 5 years of simulation, erosion and
land losses represent about 0.8 million euros; after ten years, the costs exceed 3 million euros (values
updated to year 0); at the end of the simulation, the land losses represent about 12 million euros.
Although hypothetical, the reference scenario shows that important economic losses will occur if no
interventions are performed. Thus, different intervention scenarios are proposed to mitigate the
erosion problems presented in the reference scenario.

3.2 Baseline Scenarios

The groin baseline scenario was characterized by a 200 m groin length, located 2.5 km far from the
northern border of the modelled domain (at the southern limit of the urbanized and most valuable area
of the territory). The rubble mound baseline scenario encompasses a 1500 m length structure, with a
crest elevation of 6 m, over the entire urbanized zone (Fig. 5). LTC was applied to both baseline
scenario to predict the shoreline evolution along the 20 years’ time horizon.

Smaller shoreline retreat rates near the northern border and deposition near the urban zone, updrift
of the groin, are obtained in the groin scenario. However, the erosion trends and shoreline retreat rates
are higher at downdrift. Thus, in order to evaluate the scenario effectiveness, the costs involved in the
structure construction and maintenance were evaluated, by defining the groin characteristics (through
XD-Coast model). Based on a 2 m wave height action, the cross-section characteristics (resistant layer
and filters, crest width and elevation, and slope) were designed. A crest width of 10 m and a crest
elevation of 6 m above the water surface reference level were considered. The groin head is located at
about 4.5 m depth, and groin total volume is around 58 000 m’. Considering the groin’s dimension, its
direct and indirect construction costs were calculated, representing a total first investment costs of
about € 1 462 200. Different maintenance costs were adopted for each part of the structure (head and
trunk), considering maintenance works every five years for the trunk and every 2 years for the head.
Benefits were defined based on shoreline evolution, taking into account the every year accretion and
erosion areas and the unitary land values defined in the reference scenario (Fig. 4 e Tab. 1).
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The longitudinal rubble mound revetment scenario ensures the total protection of the urbanized
zone and presents smaller shoreline retreat rates near the northern border, when compared with the
reference scenario, but similar to the ones obtained in the groin baseline scenario. The rubble mound
cross-section presents constant characteristics (resistant layer and filters, crest width and elevation,
and slope) along the coastline, similar to the ones adopted to the groin cross-section. The total volume
of the structure is around 132 000 m’, which represents a construction total first investment costs of
about 2 million euros. Maintenance costs were based on a percentage of the initial investment (30%,
which corresponds approximately to 600 thousand euros), every 5 years. Overtopping and flooding
events were not considered during the simulation period.

N 7f N 7f
o ZONE 3 2 €/m?/year 1.0 km o 2 €/m>/year 1.0 km
74 P 74
ZONE 2 10 €/m?/year 1.5 km 10 €/m?/year L 1.5 km
74 74
% Groin %
Offshore wave 200 m Offshore wave Longitudinal revetment
characteristics: characteristics:
Crest elevation
Height: 2 m Height: 2 m 6m
Direction: 10° Direction: 10°
ZONE 1 0.20 €/m?/year 7.5km 0.20 €/m?/year 7.5 km
Shoreline Shoreline
74 74
Fig. 5. Study area schematization: left - groin baseline scenario; right - longitudinal rocky revetment baseline scenario.

3.3 Alternative Scenarios

Two different baseline scenarios were presented. However, different coastal structures characteristics
may lead to different simulation results and thus, different hypothetical scenarios were additionally
proposed to discuss intervention characteristics influence on each type of baseline scenario (Tab. 2).

Three aspects were considered to test the groin scenarios: length, location and number of groins.
Longer structures promote a bigger barrier to the littoral drift and provide more effective protection to
the updrift areas, but increase the intervention costs and the shoreline evolution negative impacts at
downdrift. The best groin location should correspond to the downdrift limit of the area to protect, but
it is important to understand the groin location influence in the physical and economic results over
time. Groins fields consider the conjugation of different number of groins and there location. The
longitudinal revetment length must be in accordance with the coastline extension to be protected. To
avoid overtopping events (which can trigger the toe scour and, consequently, the rubble mound
collapse), the structure height should be as large as possible. However, the high costs and/or the
aesthetic constraints prevent the choice of long and high structures, making urban fronts more
susceptible to erosion, overtopping and flooding events. Another important aspect are the scenarios
that combine longitudinal revetment and groin, mitigating downdrift groin erosion.

Tab. 2.  Coastal erosion mitigation scenarios characteristics.

1 2 3 4
Length i L=100m L=300m L=400m -
Groin Location ii P=15km P=2.0km P=3.0km P=3.5km
. 2 groins spaced 2 groins spaced 3 groins spaced

Number of groins i by 500 m by 1000 m by 500 m .

Length v L=500m L=1000m -

Longitudinal Crest elevation v C=5m C=4m -

revetment
Combination with ) Groin and Groin and Groin and )
baseline groin vt L=500m L=1000m L=1500m
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4 Results

The main results of all the analysed scenarios are presented and discussed here, including each
baseline scenario and the other 17 alternatives.

For the groin baseline scenario, the groin impact on the shoreline evolution is positive at updrift,
resulting in 2.4 ha accretion area (which protects partially the urbanized and most valuable zone). The
baseline scenario (BS) presents a higher total erosion area than the reference scenario, representing
losses of around 4 ha, and a general negative physical impact. However, this scenario is economically
positive, and after seven years, the break-even point is reached. In spite of the groin costs, the benefits
resulting from the intervention represent economic gains of about 12 million euros at the end of the 20
years (resulting from the areas gained updrift the groin, where the land value is higher). Thus, the
groin baseline scenario net present value (NPV) after the 20 years’ was about 8 million euros. Tab. 3
shows the total accreted and eroded areas after 20 years (and the respective physical impact) and
presents the economic results (BCR and NPV values after 20 years, initial and total costs and break-
even point) corresponding to all the groin scenarios, allowing a quantitative comparison between
them.

Tab.3.  Summary of the physical and economic results of the groin scenarios.

Scenario Territory area (ha) BCRy,, NPVy,, Costs Break-even
Accretion Erosion Impact ©) © Initial (€) Total” (€)  (Years)

RS Fig. 4 0 36.5 -36.5 - -12 000 000 - - -

BS Fig. 5 2 43.2 4.2 3.31 8316 103 1462 293 3602359 7

i.l L=100 m 0.09 38.05 -1.42 1.48 1263 061 975 627 2615491 15
i.2 L=300m 7.50 47.44 -3.39 2.96 11612679 2291617 5925785 9

i.3 L=400m 8.27 47.90 -3.08 2.06 9150555 3263128 8670313 11
ii.1 P=1.5km 1.81 40.82 -2.46 -0.82 -6 556 228 -
ii.2 P=2.0km 2.03 42.09 -3.52 1.20 714 226 19

1462 293 3602359

ii.3 P=3.0km 3.04 4424 -4.66 2.18 4259 681 11
ii.4 P=3.5km 3.78 4541 -5.09 1.45 1624 686 16

... . 2 groins spaced by

iii. 1 3.81 44.68 -4.33 2.01 7291156 11

500 m
2924 586 7204718

2 groins spaced by

1000 m 3.61 43.55 -3.39 1.79 5678216 13

iii.2

3 groins spaced by

500 m 345 43.29 -3.30 1.24 2560639 4386879 10807077 17

iii.3

"Values updated for initial simulation instant, according to the discount rate (r).

An overall analysis of the longitudinal revetment baseline scenario shows that this coastal intervention
presents both physical and economic positive impacts. In addition, this scenario guarantees the total
protection of the urbanized zone during all the analysed period and, comparing with the reference
scenario, territory losses of about 20 ha are avoided. From the economic point of view, the
longitudinal revetment baseline scenario break-even is obtained after 13 years, with an updated total
investment of approximately 4 million euros. The physical and economic indexes resulting from the
longitudinal revetment baseline scenario are shown in Tab.4, which also summarizes the results
obtained for the remaining 7 longitudinal revetment scenarios.
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Tab.4. Summary of the physical and economic results of the longitudinal revetment scenarios.

) Territory area (ha) BCRy,, NPV, Costs Break-even
Scenario .
Accretion Erosion Impact ¢) (©)  Initial €) Total (g)  (vears)
RS Fig. 4 0 36.5 36.5 - -12 000 000 - - -
BS Fig. 5 0 16.6 20.0 2.34 5078 161 2052484 3777949 13
iv.1 L=500m 0 32.7 3.8 115 188168 684161 1259317 19
iv2 L=1000m 0 254 11.0 1.77 1950645 1368322 2518633 16
vl C=5m 1.76 3828289 1761598 5027822 14
0 16.6 20.0
v.2 C=4m 141 2557708 1481963 6298 402 16
vi.l Groin and 24.6 143 2.51 7336235 2146454 4861675 9
L=500m
vi2 Groin and 24 224 16.5 2.00 6123709 2830615 6120992 11
L=1000m
. Groin and
vi3 ! 20.9 18.1 1.66 4893780 3514777 7380308 13
L=1500m

"Values updated for initial simulation instant, according to the discount rate (r).

5 Conclusions

To understand the benefits of coastal intervention scenarios, long-term shoreline evolution estimates
are required. In spite of their simplified assumptions, one-line models allow exploring how the
patterns and rates of shoreline erosion and accretion are affected by shifts in wave climate and
alongshore sediment transport characteristics. Pre-design of coastal structures may follow several
different formulations, mainly based on the incident wave heights to define the adequate block for the
armour layer. Moderate shifts on the modelling parameters can alter the patterns of shoreline erosion
and accretion or the design of the coastal structure, with consequent impact on the developed analysis.

The considered case study intended to highlight the interest in evaluating costs and benefits of
different coastal interventions. 19 coastal intervention scenarios were evaluated (2 baseline scenarios
and 17 scenarios discussing different intervention characteristics) to mitigate persistent coastal erosion
problems identified in a reference scenario. All of the presented groin scenarios result in a negative
physical impact, being the 100 m groin scenario the one with lower erosion areas and at the same
time, presenting the lower initial and total investment costs. The groin scenario presenting the earlier
break-even is the baseline scenario (groin with 200 m, located at the south border of the urbanized
zone). The highest net present value after 20 years was obtained to the 300 m groin scenario and the
scenario corresponding to the longer groin is the most effective in protecting the urbanized zone. In
the longitudinal revetment scenarios it was verified that: smaller extension than the one adopted in the
baseline scenario (1500 m long, in front of whole the urbanized zone) results in less attractive physical
and economic indexes; lower crest elevation lead to an increased number of overtopping events and
increases the required structure maintenance costs (this was the worst economic scenario); and a groin
combined with a longitudinal revetment scenario was not economically attractive.

The obtained results show that it is difficult to combine, in the same intervention scenario, the best
option taking into account both physical and economic factors. Thus, when defining and designing the
intervention it is fundamental to make clear all the objectives of the intervention, considering the
extension of the urban zone to protect, the initial investment, the generalized erosion, the time needed
to recover the investment made, the general physical impacts, etc. The hypothetical study case results
application to real world situations is limited by the specific conditions of each situation (land use
values, but also wave climate conditions, coastal intervention characteristics and scenarios, etc.).
However, the proposed approach allows a quick sensitivity analysis to those conditions, permitting its
general worldwide application. It is considered that the proposed study represents one-step toward a
well-supported decision-making process, helping on coastal management and planning.
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