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1. INTRODUCTION
This report covers the activities performed in the framework of the following tasks: ‘Task 4:
Modelling barrier island and lagoon system’, subtask 4.1. Model Setup; and subtask 4.2. Definition of
RSLR and storm impact modelling scenarios.
The objective of this task was to assess the morphological evolution of the barrier islands and lagoon
system according to different SLR and storm impact scenarios.
This task was programmed for a duration of 14 months, to which this report refers, was coordinated
by A. Rita Carrasco, with the collaboration of Óscar Ferreira and Theocharis Plomaritis.
The modelling approach was developed by A. Rita Carrasco, and the obtained results were acquired
by Kim van den Hoven, during a six-month internship (see Hoven, 2019).
Methods and results are described in detail in sections 2 to 3, including references to publications
and websites.
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2. MODELLING APPROACH
2.1 STUDY AREA
The impacts of sea-level rise (SLR) over the Ria Formosa lagoon in 2100, from the 2011 baseline year,
were accessed for the tidal channels and inlets identified in Figure 1. The study area includes the
Faro-Olhão and Armona inlets and the main tidal channels running from them, Culatra, Olhão, and
Armona channel (Figure 1). Olhão channel starts at the Faro-Olhão inlet and runs up to the port of
Olhão. Culatra channel flows north of Culatra island, in between the bifurcation from Olhão channel
and Armona inlet. Armona channel runs between Armona inlet and Olhão port.

Figure 1. Study area in the Ria Formosa lagoon including Olhão (red), Culatra (orange), Armona (yellow) channels and FaroOlhão and Armona inlets. Photographs taken from Google Earth (images obtained on 19/11/2017) (Hoven, 2019).
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2.2 MODEL SETUP
A modelling approach previously used by Gonzalez-Gorbeña et al. (2018) and Carrasco et al. (2018),
using Delft3D-FLOW was applied. The hydrodynamics module was coupled to morphodynamics for a
2D depth averaged simulation (Lesser et al., 2004). Building on a calibrated and validated baseline
model from Gonzalez-Gorbeña et al. (2018), a few adjustments were made to optimize settings for
the present research focus. Several observation points and cross-sections were distributed in the
study area to monitor morphological impacts of sea-level rise (Figure 2).

(a)

(c)

(b)

Figure 2. (a) Model domain, (b) zoom to study area showing the cross sections used to monitor the bathymetric changes, and
(c) zoom to the study area showing the observation points used to monitor the hydrodynamic changes induced by sea-level
rise (adapted from Hoven, 2019).

The model bathymetry was based on LIDAR data obtained in 2011 and bathymetric surveys from 2016
(González-Gorbeña et al., 2018). A curvilinear orthogonal grid followed the cuspate shape of the Ria
Formosa lagoon. The 492 N x 1100 M grid had a varying resolution to capture the complex
morphology. Resolution differed from 750 x 175 m offshore to 20 x 15 m in the inlets and was
continuously refined. Waves were neglected in the model set-up. The model was forced with an
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offshore water level boundary and with water level gradients at the cross-shore Neumann boundaries.
Astronomical forcing consisted of a combination of the M2 component, an M2 amplitude correction
factor, and a morphological tide correction (see Gonzalez-Gorbeña et al., 2018 for more details). The
main local tidal constituents were derived from the TPXO global tidal model (Egbert and Erofeeva,
2002). The amplitude of the main tidal constituent, the M2, was corrected to the Ria Formosa area.
The morphological tide was applied to represent a full year astronomical tide in combination with the
use of a morphological acceleration factor (morfac, see Lesser et al., 2004), by producing similar
residual transport and morphological evolution (Lesser, 2009).
A spin-up time of 1 day and a time-step of 30 seconds were adopted. Manning coefficient values were
assigned for bottom friction. Besides the original morfac value of 48, an additional morfac value of
100 was tested to evaluate the effect of a stronger morphological acceleration on the morphological
evolution of the tidal channels. The conducted simulations enclosed a simulation time frame of 92.25
days (for more details see Hoven, 2019).

2.2 DEFINITION OF SLR AND MODELLING SCENARIOS
Sea-level rise estimates used in the modelling scenarios accounted for the latest global IPCC
projections (in agreement with Carrasco et al., 2018). The worst-case scenario RCP8.5, predicting an
increase of 0.98 m SLR by 2100 (highest value of the likely range), was tested in this study (IPCC, 2014;
2019). Sea-level rise was incorporated in the model as a linear increase of water level over time (e.g.,
Best et al., 2018)
The morphological evolution of the lagoon was predicted for 2011 to 2100 period. Two modelling
conditions were simulated: (1) without SLR; and (2) with SLR. The following time steps were used for
analysis: year 2011 (model baseline), 2036, 2061, 2086, and 2100 (end of simulation after 89 years).

3. MORPHOLOGICAL EVOLUTION IN THE LAGOON: GLOBAL TRENDS
Small accretion and erosion patterns were observed in the study area between 2011 and 2100, for
both modelling conditions, without and with SLR. Being most apparent in the tidal inlet regions, in the
channels near the inlets, and in the region west of Faro-Olhão inlet (in between Faro-Olhão inlet and
Ancão inlet, Figure 3); within these regions, bathymetric differences of about 1 m between the two
modelling conditions were observed (Figure 4). Saltmarsh areas and the secondary tidal channels
revealed low magnitude bathymetric changes (Figure 4).
The bathymetry of Culatra channel and the upstream part of Olhão channel seemed unchangeable
during the 89 years of simulation, regardless of the application of SLR. The Olhão and Armona channels
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showed channel axis displacement towards the mainland in 2100. However, moving further away from
the inlets, bathymetry of secondary tidal channels remained almost unchanged between 2011 and
2100 (Figure 4).

(a) lagoon evolution without SLR

Armona inlet

Ancão inlet
FO inlet

(b) lagoon evolution with SLR

Armona inlet

Ancão inlet
FO inlet

Figure 3. Bathymetric differences between the baseline bathymetry from 2011 and the bathymetry at the end of the
simulations, year 2100, for the two modelling conditions: (a) without sea-level rise (SLR), and (b) with SLR (FO inlet refers to
Faro-Olhão inlet; red colour refers to bottom erosion, blue colour refers to bottom accretion) (adapted from Hoven, 2019).
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Figure 4. Bathymetric differences between the two modelling conditions, without sea-level rise (SLR) and with SLR, in 2100
(FO inlet refers to Faro-Olhão inlet; red colour refers to bottom erosion, blue colour refers to bottom accretion) (adapted from
Hoven, 2019).

The low magnitude changes observed between 2011 and 2100 might be related to the low sediment
transport concentrations verified during simulations, which could in turn be caused by the absence
of additional sediment input sources in the model setup. Also, cohesive sediment was not modelled,
and no mud transfer or transport within the system was considered. With limited sedimentary input,
the only sediment exchange occurred by local erosion and accretion of the initial bathymetry. This
can explain why bathymetric changes were focussed in the tidal inlet’s vicinity, where velocity
currents are usually high enough to enable sediment mobilization. Nevertheless, additional tests, are
needed to be run.

4. FINAL REMARKS
The conducted research is the first approach to study long-term sediment transport and adjacent
morphological evolution in the Ria Formosa lagoon, as response to SLR. The adopted modelling
approach elaborates on a scenario in which human intervention completely limits sediment input into
the Ria Formosa lagoon, which can be considered as an extreme scenario. Moreover, no storm
conditions were superimposed.
Obtained results point out modelling limitations that can and should be improved in the future. The
three main limitations were: (1) an oversimplification of sediment input (grain-size and available
sources), (2) exclusion of waves, and (3) a linear application of SLR, amongst other minor factors.
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To be able to improve our understanding of the Ria Formosa system, some suggestions for future
additions to the present modelling approach are:
•

Include additional sediment sources to the model setup;

•

Consider the influence of cohesive sediment;

•

Represent vegetation throughout the lagoon;

•

Include the effect of waves;

•

Include the effect of wind;

•

Improve the initial bathymetry around Armona inlet;

•

Improve the grid resolution.

Furthermore, studying the influence of SLR on a coastal lagoon can be improved by the following:
•

Apply accelerating SLR curves;

•

Test additional SLR scenarios (e.g., based in national SLR data sources);

•

Include human interventions, such as dredging activities.

5. REFERENCES
Best, Ü. S., Van der Wegen, M., Dijkstra, J., Willemsen, P. W. J. M., Borsje, B. W., & Roelvink, D. J.
(2018). Do salt marshes survive sea level rise? Modelling wave action, morphodynamics and
vegetation dynamics. Environmental modelling & software, 109, 152-166.
Carrasco, A. R., Plomaritis, T., Reyns, J., Ferreira, Ó., & Roelvink, D. (2018). Tide circulation patterns in
a coastal lagoon under sea-level rise. Ocean Dynamics, 1-19.
Egbert, G. D., & Erofeeva, S. Y. (2002). Efficient inverse modeling of barotropic ocean tides. Journal of
Atmospheric and Oceanic Technology, 19(2), 183-204.
González-Gorbeña, E., Pacheco, A., Plomaritis, T. A., Ferreira, Ó., & Sequeira, C. (2018). Estimating the
optimum size of a tidal array at a multi-inlet system considering environmental and
performance constraints. Applied Energy, 232, 292-311.
Hoven, K. (2019). Modelling generic sediment transport and morphological changes at Ria Formosa.
Guided research project at University of Algarve, as part of Marine Sciences MSc at Utrecht
University, The Netherlands, 37pp.
IPCC (2014) Climate change 2014: mitigation of climate change. In: Edenhofer O, Pichs-Madruga R,
Sokona Y, Farahani E, Kadner S, Seyboth K, Adler A, Baum I, Brunner S, Eickemeier P, Kriemann
B, Savolainen J, Schlömer S, von Stechow C, Zwickel T, Minx JC (eds) Contribution of Working
Group III to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge University. Press, Cambridge
7

IPCC (2019). Hoegh-Guldberg, O., D. Jacob, M. Taylor, M. Bindi, S. Brown, I. Camilloni, A. Diedhiou, R.
Djalante, K.L. Ebi, F. Engelbrecht, J. Guiot, Y. Hijioka, S. Mehrotra, A. Payne, S.I. Seneviratne, A.
Thomas, R. Warren, and G. Zhou, 2018: Impacts of 1.5ºC Global Warming on Natural and Human
Systems. In: Global Warming of 1.5°C. An IPCC Special Report on the impacts of global warming
of 1.5°C above pre-industrial levels and related global greenhouse gas emission pathways, in
the context of strengthening the global response to the threat of climate change, sustainable
development, and efforts to eradicate poverty [Masson-Delmotte, V., P. Zhai, H.-O. Pörtner, D.
Roberts, J. Skea, P.R. Shukla, A. Pirani, W. Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, J.B.R.
Matthews, Y. Chen, X. Zhou, M.I. Gomis, E. Lonnoy, T. Maycock, M. Tignor, and T. Waterfield
(eds.)]. In Press.
Lesser, G. R., Roelvink, J. V., Van Kester, J. A. T. M., & Stelling, G. S. (2004). Development and validation
of a three-dimensional morphological model. Coastal engineering, 51(8-9), 883-915.
Lesser, G. R. (2009). An approach to medium-term coastal morphological modelling. IHE Delft Institute
for Water Education. PhD thesis.

8

