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The limitations of conventional ‘hard’ coastal protection structures (e.g. seawalls, breakwaters) in adapting 
to climate change effects, as well as their adverse environmental impacts, have spurred innovation in the field 
of coastal engineering with a recent paradigm shift to the use of nature-based solutions (NBS). It has been 
widely demonstrated in literature that marsh vegetation delivers ecosystem services related to coastal flood 
and erosion risk management in low- and medium-energy wave climates. This includes wave attenuation 
associated with vegetation-induced flow resistance, and erosion protection resulting from reduced bed shear 
stresses within vegetated canopies and root stabilization. Previous physical modeling studies have 
investigated the relative influence of various plant biophysical parameters (stem flexibility, stem width, stem 
height) and hydrodynamics (wave height, period) on coastal protection function. However, few studies have 
been conducted at full-scale with live vegetation, owing to logistical and plant husbandry challenges with live 
vegetation in laboratory settings, and the significant facility requirements. There are uncertainties 
surrounding the accuracy of wave-vegetation interactions captured by small-scale studies using vegetation 
surrogates, which exhibit morphological simplifications and a lack of intraspecies heterogeneity in 
comparison to their live counterparts. To address this critical knowledge gap, prototype-scale physical 
modeling tests were conducted with live vegetation in the Large Wave Canal at the Institut National de la 
Recherche Scientifique (INRS) in Québec, Canada. Three species of saltmarsh vegetation native to Canadian 
coasts were investigated: Spartina alterniflora, Spartina pectinata and Spartina patens. The latter two species 
have never been tested in a coastal protection context to the authors’ knowledge. Juvenile plants were 
sourced from a local field site, directly planted into a sandy slope (~1:18) and allowed to establish in the 
outdoor facility for several weeks before commencement of wave testing. The response of individual stems 
and plant hummocks to irregular wave forcing was characterized through investigation of plant motion under 
wave action, using submerged cameras and a novel video tracking algorithm coupled with wave height and 
velocity measurements. Various hydrodynamic conditions were considered, categorized as calm (Hs < 0.2 m, 
Tp = 2.5 s), boat swell (Hs < 0.2m, Tp = 10 s), and swash zone conditions (0.1 < Hs < 0.3 m, 3 < Tp < 10 s). The 
use of a sloped marsh allowed for novel consideration of wave transformation, breaking, and simultaneous 
consideration of various plant submergence ratios (emergent, transition, submerged) representative of real-
world tidal marsh conditions. The results of prototype-scale testing demonstrate the viability of outdoor 
physical modeling for investigating wave-vegetation interactions, which will pave the way for future 
experimentation with full-scale marshes. Additionally, species-specific responses to wave-forcing are 
demonstrated, yielding critical knowledge required to enhance the development of vegetation surrogates for 
small-scale experimentation, and to guide design of NBS.
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A parallelised coupled two-dimensional model is developed to capture wave-current interactions at regional 
scales. The model is comprised of the spectral wave model Simulating WAves Nearshore (SWAN; Booij et al., 
1999) and the coastal hydrodynamics shallow-water equations model Thetis (Kärnä et al., 2018). The two 
models are coupled through the Basic Model Interface (BMI; Hutton et al., 2020) employing a set of standard 
functions. They run iteratively and exchange information at prescribed time-intervals. SWAN provides the 
necessary parameters for the calculation of radiation stress, performed by Thetis, upon solving the action 
density equation encompassing multiple source terms accounting for deep- and shallow-water phenomena. 
In turn, Thetis returns water elevation and velocity information by considering the 2-D depth-averaged 
formulation of the shallow water equations. 
The coupled model's capability to account for wave-induced breaking and wave set-up, as well as friction is 
examined using the experiment of Boers (1997) on the behaviour of waves acting upon a barred beach. The 
model domain consists of two domains with maximum still water depth at 0.80 m: an outer domain with 
dimensions 45 m x 15 m; and a nested domain with the same length and 5 m width. The width and length 
used in the numerical domains are larger than those of the experimental tank to avoid introducing errors 
generated at the boundaries in the area of interest. 
During the coupled model’s validation, all three experimental wave conditions are applied. These conditions 
are parameterised by the following significant wave heights, Hs, and peak wave periods, Tp: (i) Hs = 0.16 m 
and Tp = 2.1 s; (ii) Hs = 0.22 m and Tp = 2.1 s; and (iii) Hs = 0.10 m and Tp = 3.4 s, for each experiment 
respectively. The model's results exhibit good correlation with the experimental data, which consists of 
derived wave spectra and water elevation measurements. Additionally, the model’s performance is compared 
against other coupled models whose circulation model is 3-D. The proposed model’s results showcase the 
same level of accuracy as other coupled models and could be extensible to 3-D modelling applications. 
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The wave climate of the Pacific coast of Costa Rica displays singularities that are inadequately included in 
global numerical models of wave generation and propagation. This shortcoming increases the uncertainty 
associated with the analysis and prediction of wave climate estimations required for coastal applications. 
Based on wave data from the central and northern Pacific coast of Costa Rica, the aim of this work is to present 
the Wave Climate of the Pacific Coast (WCPC), a hybrid downscaling model derived from a reanalysis of 
regional NOAA wave data with in-situ (field) measurements of significant height, period, and direction of 
waves obtained over a 7 year period (2014-2021). Four calibrated reanalysis nodes were used to propagate 
waves from undefined depths to the coast, using hybrid downscaling techniques and the SWAN model. Node 
calibration was performed using field data obtained almost uninterruptedly between 2014 and 2017, as well 
as reanalysis of calibrated data between 2005 and 2019.The end product consists of more than 10 000 
numerical nodes distributed along the northern and central Pacific coast of Costa Rica, each one with a 3-
hour resolution time series of significant wave height, peak period and mean direction, over a 14-year period 
from 2005 to 2019. Model results were validated using field measurements at an independent site in the 
central Pacific coast, with a coefficient of determination (r²) and a Root Mean Squared Error (RMSE) for 
significant wave height of 0.472 and 24.3 centimeters between the modeled and reference data respectively. 
The WCPC represents a valuable asset for the coastal development in Costa Rica, and could also improve large 
scale models at regional and even global scales.
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Coasts, estuaries, and lowland river environments are some of the most sensitive systems to climate-induced 
environmental change. In order to manage these systems, and adapt to future changes, we need to be able 
to predict how they might change. However, most available models have formulations based on assumptions 
that these systems are composed of only non-cohesive sands, even if mud is the most common sediment on 
Earth. Therefore, we need to find ways to incorporate the effect of sticky mud in predictors of flow resistance, 
sediment transport rates, and bedform geometries associated with form drag. In this paper, we show results 
from seven experiments conducted with different mud contents (0% - 12.6%) under the combined action of 
waves and currents. Experiments were conducted over a time period that was greater than the time needed 
for the bedform ripples to be at equilibrium with the imposed flow conditions. Our results reveal a mud 
content threshold above which friction coefficients are 4-6 times smaller than for clean sand and lower mud 
content counterparts. Below this threshold, flow resistance decreases with increasing mud content even 
though ripple migration rates are similar. Near the threshold, ripple migration rates increase as shorter ripples 
form and travel faster; the associated bedload transport rates also increase near the threshold and decrease 
beyond it. The threshold mud content, likely to vary with substrate composition and hydrodynamic 
conditions, is key to better estimating the behavior of different systems and needs further studies to properly 
incorporate it into predictors.     
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Aquatic vegetation plays an important role in the natural ecosystem. It can change flow structure and 
turbulence characteristics, as well as sediment suspension and transport, which have great impacts on the 
ecosystem and morphology. However, due to the complicated process and multivariate factors, the 
mechanism of the interaction between vegetation-hydrodynamics-sediment is still not clearly understood. In 
this paper, a flume study was carried out to investigate the effects of vegetation on flow structure and 
sediment suspension. 
All the experiments were conducted in a wave flume constructed in the Hydraulic Laboratory at Tongji 
University, China. The wave flume is 50 m long, 0.8 m wide and 1.2 m high. Wood cylinders were used to 
simulate rigid vegetation. The diameter of cylinders was 8 mm. Three vegetation configurations (sparse, 
dense and vertically varying density) and different hydrodynamic conditions (waves, currents and combined 
wave–current flows) were tested. Plenty model sand with uniform diameter of 0.16 ± 0.02 mm and density 
of 1.45 g/cm3 was set at the bottom of canopy zone. The Acoustic Doppler Velocimetry (ADV) was used to 
measure three dimensional velocities. Turbidity was directly measured by the Optical Backscatter Sensor 
(OBS). 
Vegetation had a significant blocking effect on the flow and reduced the velocity. While the presence of 
vegetation enhanced the turbulent diffusion in water body and promoted sediment initiation and suspension. 
An improved formula considering vegetated-induced drag coefficient and solid volume fraction was proposed 
to predict stem-scale turbulence using characteristic velocity. In vegetated flow, neither the bed shear stress, 
nor the vegetated-induced turbulence, were solely responsible for the sediment suspension. Therefore, we 
attempted to predict near-bed sediment concentration using the combination of bed shear stress and 
turbulent kinetic energy.



Theme 7 

Coasts, estuaries, shelves and 
seas 
 
 

Nearshore Sediment Transport in a Coastal Environment 

Dr. Honghai Li1 

1USACE/CHL, Vicksburg, United States 

Theme 7: Coasts, estuaries, shelves and seas (1), Seminario 1+2, junio 21, 2022, 8:30 - 10:00 

Understanding and predicting the nearshore dispersion of the material by waves and currents greatly assist 
the coastal engineering practice. Numerical models have been widely used to simulate coastal sediment 
transport. But nearshore morphology evolution is still difficult to predict not only because it is complicated to 
properly represent cross-shore hydrodynamic and wave processes that govern sediment transport in shallow 
coastal area, but also the mechanism of sediment transport has not been well understood. In this study, a 
coupled coastal modeling system was developed to investigate the sediment transport in the nearshore zone 
of southern Lake Michigan. The model was driven by hydrodynamics, waves, and wind conditions and the 
model’s capability in simulating nearshore hydrodynamics and sediment transport was validated against 
measured data. With the implementation of a cross-shore transport module in the model, the study focused 
on the effect of coastal processes. By analyzing current and wave fields, sediment migration, bed volume 
change, and subaqueous profile change were examined in this lake coastal environment. The simulation 
results indicate that time-averaged longshore current dominates the redistribution of sediment in the shallow 
coastal area. Nearshore wave processes enhance sediment transport both in longshore and in cross-shore 
directions and are responsible for onshore sediment accumulation, nearshore bed volume, and vertical profile 
changes. Comparing the sediment transport rate in longshore with that in cross-shore direction, the former 
is approximately an order of magnitude greater than the latter. Although relatively small, the cross-shore 
transport process can play an important role in moving offshore sediment material towards the nearshore 
area and may have a positive impact on alleviating shoreline erosion.  
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Seaports present high-energy demands, which are mainly fulfilled by fossil-fuel sources. Consequently, 
seaports have turned into a significant source of air pollution, namely in terms of greenhouse gas (GHG) 
emissions. In this context, marine renewable energy (MRE) resources such as wave, tidal, and offshore wind 
appear as promising alternatives to supply part of the energy demands of ports. Against the foregoing 
backdrop, this study focuses on studying different wave energy-based solutions that have the ambition to 
contribute towards energy self-sufficiency of ports and to encourage the transition to a low-carbon and blue 
economy. For this purpose, the Port of Leixões (Portugal), which has a significant wave energy potential, 
appears as an excellent location to harness wave power for supplying energy to the port. 
Since an extension of the outer breakwater of the port is planned, the integration of a wave energy converter 
(WEC) into the new planned structure was considered. Therefore, this work studies the consequences of the 
new breakwater over the wavefield aiming at understanding the WEC’s performance. Accordingly, an 
accurate characterization of the wave conditions at the breakwater, accounting for the non-linear wave 
transformation processes that take place nearshore is required. Once the available wave resource is fully 
characterized, the performance of different WECs integrated into the outer breakwater of the port (e.g. OWC, 
overtopping, and hybrid devices) are analysed and compared in terms of energy production, overall efficiency, 
annual operation time and capacity factors. 
The WEC concept that offers the best results is a hybrid module combining an Oscillating Water Column and 
a multi-reservoir Overtopping Device. This device was designed to be integrated into a 20 m-wide section of 
the planned extension of the North breakwater of the Port of Leixões and its geometry was optimized for the 
wave conditions at the site. The device was tested in the centre of a 64 m-wide section of the breakwater, at 
the Faculty of Engineering of the University of Porto, Portugal. A wide range of working and extreme 
conditions were considered, as well as three characteristic water levels at site and a water level considering 
the predicted global sea-level rise due to climate change. Overtopping rates were measured and the stability 
of the armour layer, as well as the occurrence of scouring, were assessed using a point cloud laser scanner. 
Moreover, impact forces on the device and pore pressure inside the breakwater’s layers were measured using 
piezoresistive pressure sensors. These data will add significant knowledge about the h-WEC’s performance 
and its impact on the main function of a harbour breakwater - protection of the internal harbour. The 
preliminary results of this work will be presented and discussed in the paper. 
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Predictors for sediment transport often rely on measurements or estimates of bulk velocities to estimate bed 
shear stress. However, aquatic vegetation in watercourses and coastal areas generates turbulent flow 
structures at multiple scales that can drive sediment transport dynamics within and around vegetation 
patches. To account for the effect of vegetation-generated turbulence in predictive models, we can either 
conduct accurate high-resolution measurements under realistic scenarios, or find process-driven 
parameterizations to use bulk values to predict turbulence metrics, indirectly introducing turbulence effects 
in cases with limited data. We present results from laboratory experiments on an oscillatory tunnel using rigid 
cylinders as surrogates for submerged vegetation. We discuss how models for unidirectional flows can be 
adapted to account for the unsteadiness of oscillatory flows, coupled with the interactions between coherent 
flow structures generated within the vegetation patch and at the top of the submerged canopy. Given the 
challenges to measure accurate turbulent metrics within and around vegetation patches in the field, we 
present models to estimate turbulent kinetic energy based on representative values at critical locations, 
namely near the bed and at the top of the plants, which allows us to use bulk velocity values to estimate peak 
levels of turbulent kinetic energy, and use such maximum values to assess sediment dynamics. We show that 
while vegetation-generated turbulence can be used to estimate suspended sediment concentration within 
vegetation arrays, special attention must be paid to competing effects when ripples begin to develop within 
the patch, which can cause large variations in the predicted turbulence and sediment values. The presented 
models provide useful alternatives to incorporate turbulent effects on sediment transport models, and 
provide a bridge to evaluate the efficacy of these modified models in the field.



Theme 7 

Coasts, estuaries, shelves and 
seas 
 
 

NEW LARGE-SCALE LABORATORY EXPERIMENTS INTO THE BEACH SLOPE 
EFFECT ON INTRA-SWASH SAND TRANSPORT PROCESSES 

Ms. Sara António1, dr.ir Jebbe van der Werf1,2, dr.ir Erik Horstman1, dr. Iván Cáceres3, dr. Jack Puleo4, Michael  
Larner4, dr.ir Joep  van der Zanden5, prof.dr. Suzanne  Hulscher1 

1University Of Twente, Enschede, Netherlands, 2Deltares, Delft, Netherlands, 3Universitat Politècnica de Catalunya, 
Barcelona, Spain, 4University of Delaware, Delaware, United States of America, 5Marin, Wageningen, Netherlands 

Theme 7: Coasts, estuaries, shelves and seas (1), Seminario 1+2, junio 21, 2022, 8:30 - 10:00 

The swash zone is the highly dynamic interface between the dry and wet part of the beach. Swash processes 
determine whether sediment is either stored on the upper beach or transported offshore, and thus they 
strongly determine shoreline evolution. Previous experimental studies on sediment transport in the swash 
zone either focused on detailed sand transport processes at only a few cross-shore locations, or on bulk 
statistics of net transport rates in relation to limited wave conditions and a single initial bed slope (often 1:15 
slope for large-scale laboratory experiments). Laboratory experiments with high temporal and spatial 
measurement resolution of swash hydrodynamics and morphodynamics for a wide range of wave conditions 
and beach slopes are needed to enable a more detailed quantification and understanding of sediment fluxes 
near the shoreline. The present research focusses on understanding the effects of beach slope on intra-swash 
hydrodynamics and sediment transport processes in the swash zone through a series of large-scale wave 
flume experiments. 
Laboratory experiments were conducted in the large-scale CIEM wave flume at the UPC (Barcelona, Spain). In 
these experiments an erosive bichromatic wave series with groups of four waves (equivalent to random time 
series with Hs=0.65m and Tp=3.5s) were produced in consecutive runs with each wave group repeating every 
two group periods (TR=2Tg=28s) in order to produce distinct types of swash interactions. The same sequence 
was reproduced for two different bed slopes of 1:15 and 1:25. The beach profile consisted of medium sand 
with D50=0.25mm with a measured mean settling velocity ws=0.034m/s. The flume was equipped with a 
series of instruments which continuously measured water level, bed level, suspended sediment 
concentrations and flow velocities, mostly focusing on the swash zone. Additionally, a combination of CCM¬+ 
and CCP instruments were deployed to measure sediment velocities and concentrations in the sheet flow 
layer over a more dispersed area of the swash. 
Preliminary results show that the swash zone on the 1:15 slope had shorter and more energetic swash 
excursions and greater water depths, while on the 1:25 slope the swash zone was wider but shallower. 
Furthermore, the three types of wave-swash interactions (wave capture, weak and strong wave-backwash 
interaction) were identified on both slopes. However, they did not occur at the same cross-shore location 
with respect to the shoreline, resulting in differences in where and how the sediment is picked up and 
mobilised by swash motions. It is hypothesised that strong wave-backwash interactions seen in the steep 
slope increases the tendency of offshore-directed transport, while the predominance of weak wave-backwash 
interactions on the gentle slope promotes onshore-directed transport. Further analysis of intra-swash 
sediment concentrations, both suspended load and sheet flow transport, and hydrodynamics will be done to 
investigate the proposed hypothesis.  
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Intertidal vegetation, such as mangroves and saltmarshes, plays an important role in coastal protection 
service due to its ability to reduce the energy from waves. In last years, numerical models have been 
developed to reproduce the wave height decay along these ecosystems modeling the energy damping. 
Currently, the third-generation full-spectrum model SWAN (Simulating Waves Nearshore) is widely used to 
quantify wave height attenuation along coastal vegetation fields. This model is based on the definition of the 
vegetation field using parameters such as vegetation height, stem diameter and density, and a bulk drag 
coefficient obtained by empirical formulations, calibration methods or direct force measurements that are 
case-specific. A new formulation based on vegetation standing biomass has been considered to overcome 
these limitations. Thus, this work shows the implementation of this formula in SWAN and the validation 
carried out using laboratory and field data. The new implementation adequately reproduces the wave height 
decay observed along different saltmarsh species tested in the laboratory under different hydrodynamic 
conditions. Additionally, the implemented model is validated by using field measurements taken at two 
different locations where different species were present. Hence, the model is validated for six different 
saltmarsh species. This new implementation in SWAN represents a new predictive tool capable of obtaining 
the wave height decay produced by saltmarshes without the need for model calibration.
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Along and in estuaries a lot of activities are taking place. To determine the impact of the major activities on 
the estuarine ecosystem in the Scheldt Estuary (Belgium), a monitoring and research program has launched 
in 1995, called OMES. The OMES monitoring program aims to extend the biogeochemical knowledge of the 
Sea Scheldt. Monthly campaigns observe the long-term effects along the Belgian Scheldt Estuary on the basic 
water quality, carbon cycle and suspended particulate matter (SPM), phytoplankton and phytobenthos, 
primary production and Zooplankton. This paper focuses on the SPM observations obtained during the OMES 
monitoring program, especially those of the latest 5 years. In this period, the SPM observations at the surface 
are extended over the full water column. An overview is given of the monitoring set-up, measuring 
techniques, results and analysis. 
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The estuary of the Misa River, located in Senigallia (central Italy), is a micro-tidal environment typical of the 
Adriatic basin. The present work focuses on the numerical modeling of the tidal action along the final stretch 
of the river, also in relation to the role of local river bedforms, and builds on field data obtained from: two 
hydrometers recording the river stage, an acoustic sensor H-ADCP collecting river stage and discharge during 
flood conditions, a tide gauge measuring the water-surface level in the sea, a suite of instrumentation 
deployed during a field campaign in 2014. The river topography and bathymetry are modeled using a digital 
terrain model, surveys of the estuarine area, surveys of specific cross-sections in the river. After the model 
calibration, which provides the optimal choice of the riverbed roughness, the work analyzes the role of the 
tide forcing, which propagates upstream for almost 2 km. The effects on the hydrodynamics induced by 
bedforms located at the estuary are also investigated. Specifically, a partially emerged bar, generated in the 
recent years upstream of the river mouth, intermittently shows up and moves within the estuary. Such 
bedform significantly affects the local dynamics and produces relevant changes in the final reach of the river, 
reaching distances of more than 1 km from the mouth.
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Estuarine environments are highly complex coastal systems that evolved rapidly during the Holocene 
transgression and were shaped by diverse interactions between hydrodynamics, geomorphology, biological 
activities, climatic variations, and human interventions. Hence, it is vital to analyze the effect of interventions 
developed in estuaries, such as dredging of waterways or construction of harbors and bridges. In particular, 
the bridge piles can work as an obstacle to tidal wave propagation, changing its properties and thus altering 
the local hydrodynamics. 
In this study, we assess the impact of the bridge-pilling modifications on the tidal flow at the strait of a human-
altered mesotidal estuary (Cádiz Bay, Spain). This bay constitutes a singular system due to its complex 
geometry and the human interventions developed during last decades. The methodology is based on field 
data of current velocities observed in a cross-section close the pile and the application of a numerical model 
specifically developed for this type of environments, which has been calibrated and tested for water levels, 
currents, temperature, and salinity. We have also used the numerical model to check if the tidal flow behavior 
is due to the location of the section pier or other. We analyze how the bridge piling effects at intratidal scale 
during neap and spring tides, also assessing the modifications over the tidal harmonics, stratification, and the 
potential sediment transport due to the pile.  
The results show that the bay is tidally driven and laterally sheared in spring tides whereas density-driven and 
vertically sheared in neap tides. The assess of the semidiurnal, quarti-diurnal and sixth-diurnal (D6) bands 
show that the wake of the pile trigger significant variations on their amplitude and phase, also reducing the 
water depth of the pycnocline and altering the sediment transport. The results can be extrapolated to other 
field sites which are been altered by anthropogenic interventions as bridge or wave farms. 
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Estuaries and deltas across the globe are instrumental to maintain environmental, economical and socio-
cultural sustainability.  
Understanding their evolution, sediment fluxes and morphological characteristics requires well-calibrated 
and representative numerical models capable of explicitly represent their physics.  
This work introduces a new hydrodynamic model for the Changjiang Estuary that will be used as the basis for 
studing the surrounding wetlands evolutions. The numerical model has been developed using a combination 
of Delft3D-Hydro and Open-DA, The model has been calibrated using 15 stations across the entire domain, 
including part of the tidally affected portion of the river, together with discharge measurements for Datong 
gage station for the period from 25 July to 24 August 2007. The results show the ability of the model to 
represent the hydrodynamic of the estuary with a high level of accuracy compared to tidal stations across 
most of the domains. They also highlight the main processes of circulation across the wetlands and can be 
used for predicting wetlands evolution and sediment provenance across the region.    
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There is growing interest in marine renewable energy and in the role that it can play in the transition to a 
cleaner and more sustainable energy system. Among available marine renewable energy technologies, 
offshore wind is seen as the most promising, and in recent years there is been a significant increase in its 
installed capacity worldwide. Offshore wind structures typically use bottom-fixed foundations that are 
susceptible to scour phenomena and therefore require adequate protection, which can represent a significant 
part of their global cost. The optimization of such protections can therefore play a key role in reducing the 
cost of offshore wind structures and increase their competitiveness against other energy sources.  
However, modelling the scour process in bottom fixed foundations and designing adequate scour protections 
is a technically challenging problem that is associated with a number of uncertainties. Among them, a primary 
source of uncertainty concerns the estimation of the physical actions that an offshore wind structure and its 
foundations will be exposed to over their lifetime. This requires reliable and sufficiently long time series of 
environmental variables of interest. Ideally, in situ measurements (e.g. from buoys) would be used for this 
type of analysis, but in practical situations such data will often not be available. In this context hindcasts can 
play a crucial role, as they can provide multi-decadal, spatially continuous and consistent estimates for 
relevant metocean variables. However, the hindcast modelling of sea states is associated with its own array 
of uncertainties, and it is unclear to which extent this can affect the design of scour protections for offshore 
structures. 
Therefore, in this study we compare different available multi-decadal wave hindcasts for the North Sea and 
analyse how the selection of hindcast models can affect the design of scour protections, particularly in terms 
of the adopted median stone diameter of the armour layer. To achieve this, for each of the hindcast datasets, 
various statistical models are used to represent the joint distributions of significant wave height and peak 
wave period, ranging from the widely-used conditional modelling approach to more novel copula 
distributions.  A state-of-the-art method for the dynamic stability design of the armour layer is then applied 
and the results are compared across the different hindcast and statistical models. Based on this, we explore 
and discuss the implications of model selection on the definition of the median stone diameter of the armour 
layer of offshore scour protections. The results are expected to contribute towards more informed decision-
making in this field, where due to the very large scale of the structures, even slight differences in design 
assumptions can result in considerable variations in overall costs and, consequently, in the level of 
attractiveness of offshore energy solutions.
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Intermittently Closed/Open Lakes and Lagoons (ICOLLs) are a particularly dynamic form of estuaries 
characterized by periodic entrance closure to the ocean (McSweeney et al., 2017). Laguna de Rocha is an 
ICOLL, located on the Atlantic coast of Uruguay. The lagoon closes almost every year and, usually, it is 
artificially opened at least once a year during the cold months to avoid floods and to facilitate the exchange 
of water, substances and organisms with the ocean. 
Recently a protocol was implemented in order to regulate artificial openings of the lagoon (Conde et al., 
2019). However, in order to better understand how different protocols may affect the ecological evolution of 
the lagoon (in present as in future climate) it is necessary to model how they affect water and substance 
exchanges between the lagoon and the ocean and how these exchanges affect the spatial and temporal 
distribution of the physicochemical variables in the lagoon. 
A usual solution in this case would be to implement a hydrodynamic model with substance transport 
equation. However, some particularities should be considered when dealing with an ICOLL: (i) the time and 
spatial scales of variation of the inlet are much smaller than those of the lagoon or the ocean, being essential 
to consider its morphodynamic evolution, (ii) the characteristics of the water that enters the lagoon cannot 
always be assimilated to open ocean conditions, since they may be affected by the (large) discharge of the 
lagoon after an opening, which implies that both the lagoon and a stretch of the coast should be modeled 
after an opening, but not necessarily when the lagoon is closed. 
In this work a multiscale numerical model is developed for modeling exchanges between the lagoon and the 
ocean and the spatial and temporal distribution of the physicochemical variables in the lagoon. The inlet 
evolution and water and substances exchanges between the lagoon and the ocean are modeled following 
Hindwood et al. (2012) and Wu and Li (2017). This simplified morpho-hydrodynamic model has shown to 
reproduce reasonably well the opening and closing dynamics of the lagoon (Teixeira and Solari 2020). The 
simplified inlet model is coupled with two 2D hydrodynamic models, one for the lagoon and one for the ocean. 
This approach allows for modeling long term evolutions of the water quality variables in the lagoon without 
the need to resort to very high resolution models to solve the inlet, thus allowing to compare long term 
evolutions under several climate change scenarios and different opening protocols. Preliminary results show 
that the  multiscale model is able to reproduce the spatial and temporal variation of the salinity in the lagoon 
under current climate.
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Introduction 
Salinity Intrusion through the Rotterdam Waterway puts a significant pressure on fresh water availability for 
drinking water and industry, and is expected to increase due to climate change (changing river discharge 
characteristics, sea level rise) and infrastructural developments (waterway deepening). In an open connection 
to sea, salt can intrude beyond the tidal excursion length due to the density driven estuarine exchange flow 
(gravitational circulation, Hansen and Rattray, 1965; Geyer and MacCready, 2014), but also due to tide driven 
dispersion, e.g. through tidal trapping in harbor basins and branches (Fischer, 1979), which are omnipresent 
in the Rhine Meuse Delta. In this study, we investigate the contribution of the various dispersion mechanisms 
in the Rhine Meuse Delta, to support design of effective salt intrusion mitigation measures. 
 
Methods 
The central method in this study is salt flux decomposition (see Lerczak et al., 2006). 3D-model simulations 
were run with the newly developed 3D-model of the Rhine Meuse Delta in the new 3D hydrostatic modelling 
system Delft3D-Flexible Mesh. Next, results for salinity and flow at multiple locations along the Waterway 
and New Meuse have been decomposed into time-averaged and time-dependent and depth-averaged and 
depth-dependent components. From these components, the individual contributions of estuarine circulation 
related, time-dependent shear related, tidal oscillation related, and net flow (mostly run-off) related salt 
fluxes have been determined. 
 
Results 
From analysis of the salt flux contributions it was found that in the Rotterdam Waterway, the estuarine 
circulation related salt flux dominates over the tide related contribution most of the time, whereas tidal 
dispersion related fluxes dominate further upriver in the New Meuse. However, during surge events the 
contribution of the estuarine circulation reduces strongly, also in the Rotterdam Waterway. At these times, 
salt transport into the Rhine Meuse Delta is mainly produced by a temporal reversal of the net, tide-averaged 
flow, related to the large storage area in the system, and stratification vanishes almost completely. These 
results imply that measures aiming to reduce salt intrusion by enhancing vertical mixing in the Rotterdam 
Waterway can be expected to be effective most of the time. However, they likely have no effect on salt 
intrusion during surge events, which might be the more critical conditions. Thus, the fundamental insights in 
the hydrodynamic functioning of this system have direct relevance for the design of salinity intrusion 
prevention measures. 
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The recently released IPCC AR6 WGI assessment states with high confidence that all coastal climatic-impact 
drivers (CIDs) assessed therein (i.e. Relative sea level rise, coastal flooding and coastal erosion) will increase 
by mid-century in almost all regions of the world. This means that adaptation is now urgently needed to 
mitigate or reduce the climate change (CC) induced risks for coastal communities and assets. While local scale 
adaptation measures need to be informed by detailed local scale impact and risk assessments, available global 
data sets of coastal climatic-impact drivers, such as those assessed in IPCC AR6 WGI, are very useful for 
identifying global or regional hotspots of potential impacts. However, these data sets are produced by 
different institutes and universities spread around the world and are presented in many different studies, and 
thus it is cumbersome to compare and contrast different projections. As a solution for aforementioned issue, 
Coastal Futures (CoFu), an interactive online viewer (https://coastal-futures.org/) developped by IHE Delft, 
which for the first time, combines several published state-of-the-art data sets of 21st century projections of 
CIDs, including those assessed in IPCC AR6 WGI, for different time periods and climate scenarios. CoFu enables 
coastal scientists, engineers, planners, managers and policy makers to quickly see how climatic impact-drivers 
such as (a) relative sea level rise, (b) extreme sea levels, (c) coastal flooding, (d) shoreline change and (e) 
extreme waves are projected to change all over the world. In addition, this viewer enables the dissemination 
of most recent scientific knowledge on coastal CID projections to not only many different stakeholders 
interested in coastal safety, coastal developments and adaptation, but also to citizens and especially the 
young generation to promote environmental awareness and understanding for a sustainable future. This 
presentation will briefly describe the data sets included in CoFu, their associated underlying assumptions and 
limitations, and will demonstrate the different functionalities of the tool.



Theme 7 

Coasts, estuaries, shelves and 
seas 
 
 

The Impact of Spacing between Beach Buildings on Aeolian Erosion and 
Deposition patterns: A numerical study 

Mrs. Paran Pourteimouri1, Dr Geert Campmans1, Prof Kathelijne Wijnberg1, Prof Suzanne Hulscher1 

1University of Twente, Enschede, Netherlands 

Theme 7: Coasts, estuaries, shelves and seas (3), Seminario 1+2, junio 22, 2022, 12:00 - 13:30 

Sandy beaches are very attractive to people worldwide. The attractiveness of sandy beaches increases the 
demands for the construction of buildings such as holiday cottages, restaurants, sailing clubs, recreational 
facilities and pavilions at the beach. These buildings alter the local airflow patterns in the surrounding area 
due to their dimension, geometry, elevation on pilings and positioning at the beach. This induces changes in 
the aeolian sediment transport, therefore erosion and deposition patterns around buildings at the beach. On 
a longer time-scale, these eroding and depositing areas influence the functioning of buildings at the beach, 
and might need additional measures in case this threatens the flood defense function of the dunes behind 
the beach. In the present study, the impact of spacing between adjacent buildings in a row on the erosion 
and deposition patterns in the surrounding area and downstream is studied as they are the supply towards 
the dunes. For this purpose, a computational fluid dynamics model using OpenFOAM is developed to simulate 
the airflow patterns around a row of ten full-scale buildings at the beach. The spacing between buildings is 
systematically changed between 0.5w to 4w, where w is the buildings’ width. The incident wind is 
perpendicular to the upwind faces of buildings in all simulations. The detailed simulated 2D field of near-bed 
shear stresses are then coupled to a process-based sediment transport model, AeoLiS, to calculate the aeolian 
sediment transport and morphologic changes around buildings. Numerical results are compared with field 
measurements around scaled buildings at De Zandmotor beach, the Netherlands. Results show that the flow 
barely intrudes into the gaps between buildings when the spacing between two adjacent buildings is 0.5w. 
Formation of two large counter-rotating vortices just behind the row of buildings, instead of two small 
vortices behind each building, indicate that a row of buildings close together act as one very wide building. 
This induces continuous sediment deposition upwind of the buildings, which is wrapped around the buildings 
and extends as two external deposition tails downwind the first and last buildings in the row. The length of 
the inner tails that form just downstream of the gaps between buildings increases when the spacing between 
two neighboring buildings reaches from  0.5w to w. The upwind depositions create a lunar shape and their 
peaks gradually become separate with increasing the spacing between buildings. Furthermore, the eroding 
regions occur very close to the upwind faces of buildings and the lateral sides in all simulations. The erosion 
and deposition patterns around buildings are fully independent and buildings act as isolated buildings when 
the spacing between two adjacent buildings increases to 4w.
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An advanced Boussinesq type  hydro- and morpho-dynamic 2DH numerical model, describing the processes 
of non-linear wave propagation, wave dissipation over vegetation, sediment transport and morphology 
evolution is developed. The model is based on two existing 1DH and 2DH models. The free surface flow over 
the vegetation is simulated using a Boussinesq model, while the flow within it is simulated by solving 
simultaneously a porous flow model. The model is combined with a well-confirmed morpho-dynamic 
submodel. The methodology is applied to simulate the morphological changes behind coastal areas where 
vegetation has been planted, as a nature-based coastal protection solution. Both cross-shore and long-shore 
morphology evolution are tested. The model is also able to simulate coastal flooding indicating the ability of 
the system to the reduction of wave setup and coastal inundation. The main conclusion is that the attenuation 
of the waves result to the mitigation of coastal erosion and flooding, even in the cases of a moderate reduction 
in the wave height.   
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Located at the interface between the marine and terrestrial environment, coastal wetlands are important 
nature-based solutions providing a buffer against storms action and other important ecosystem services such 
as carbon sequestration and provision of recreational areas. A variety of natural processes continuously shape 
wetlands morphology and sediments dynamics regulating coastlines resilience to sea-level rise and 
environmental change. Understanding variations in sediment transport patterns across the coastal system is 
important to determine the susceptibility of the coastline to environmental change. Particularly, a positive 
sediment budget is relevant for the survival of coastal wetlands to sea-level rise. In this article, I present 
preliminary results about a modelling setup and use for the evaluation of sediment transport and water level 
propagation across Morecambe Bay. The area is located NW of England and is a macrotidal system of large 
interest from an economic and environmental perspective because of the dynamicity of wetlands in the area.  
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The big variety of coastal typologies existing along the Spanish coastline implies that the effects of Climate 
Change can be very different depending on the specific geographical area. Thus, it’s necessary to account for 
these singularities while designing the adaptation measures to mitigate such effects. The application of an 
integrative approach which considers the distinct features from different locations during the process of 
impact assessment contributes to the optimisation of the planned measures, bringing a clear benefit. 
The objective of this study is the presentation of a Methodology for the assessment of the effects of climate 
change on the coastline which offers versatility and flexibility in terms of the existing problems associated to 
the different areas. For this purpose, two areas of study have been analysed, corresponding to singular zones 
of great importance in the Spanish Mediterranean coastlines, the Mar Menor coastal lagoon and the Ebro 
River Delta, which present environmental and tourist values, among others, threatened by intense pressures 
apart from those derived from climate change. 
The aforementioned cases of study are described as well as the methodology applied, which consists on the 
acquisition of the most updated data about marine climate projections and their in detail analysis in order to 
identify the most relevant effects and impacts, as well as the classification of shoreline types and the choice 
of calculation techniques to be applied as a function of this classification. Last, a discussion of the results 
about the effects is presented through a comparison between existing studies in order to evaluate the 
effectiveness of the methodology and its ability to complement them. 
It is concluded that this methodology can be applied as a support in the decision making process by the agents 
in charge of the management of climate change adaptation measures in coastal areas. On the other hand, it 
is highlighted the importance of undertaking complementary studies to the existing ones with the aim of 
delimiting the effects adequately. The underestimation of the effects during the planning and design stages 
of the mitigation measures could lead to important consequences for the involved aspects, as, in some cases, 
measures like the modification of the land-maritime public domain are used, affecting the territorial planning 
and the diverse uses and existing activities. 
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Mean sea-level rise (SLR) will change the distribution of protected coastal ecosystems such as wetlands, 
marshes, or dune systems. In highly modified environments where landward ecological migration is impeded 
by land use, this can lead to the loss of these critical ecosystems and their services. In order to take action to 
prevent catastrophic consequences, it is imperative that we improve our ability to predict these shifts in 
coastal ecosystems. In this study, we assess the suitability of the Sea Level Affecting Mashes Model (SLAMM) 
to hindcast the response of the Mediterranean-Atlantic saltmarshes in the Atlantic coast of southern Iberia 
to SLR based on the changes observed between 1956 and 2013. An aerial imagery analysis was first conducted 
to map the historical changes in land cover in the Bay of Cádiz Natural Park. SLAMM simulations were then 
performed considering the past SLR signal. The results show that SLAMM can reproduce the observed 
increase in the area permanently covered by water and the decline in tidal flats. While acknowledging the 
uncertainty derived from the various drivers of wetland change beyond the SLR, the results support the 
application of SLAMM in this setting and open up the possibility of applying it to predict future changes. 
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The complexity and multidimensionality of vulnerability and resilience make the concepts to be explored from 
various fields of knowledge, if we analyze the theoretical descriptions on the subject we recognize that they 
have not been sufficient for the eradication and / or reduction of the negative effects caused by extreme 
events. Additionally, despite the fact that these terms are widely used, there are limited tools to evaluate 
them quantitatively, in particular, considering the scenarios of the activities that occur in inland maritime 
waters and the coast, this lack of valuation causes the ignorance of those who are most vulnerable and who 
at the same time who are excluded from the protection mechanisms. 
A quantitative methodology was developed to determine the level of vulnerability and resilience with an 
intersectional perspective that allows us to categorize the values on an appropriate scale. In this model, the 
basic aspects related to the ability to cope, adaptation, connectivity, thresholds and other particular 
conditions of this group are considered. The first thing that is required within this methodology is a 
conceptualization of maritime-coastal activities in inland waters, because there is vagueness in this regard 
and a delimitation is necessary. Likewise, the identification of threats against which vulnerability and 
resilience are expressed was determined as a requirement. Finally, five intervals of vulnerability are proposed: 
those with very low vulnerability, low vulnerability, medium vulnerability, high vulnerability and very high, 
this limitation allows us a better understanding of the different states in which the study sector is located. 
 
We apply the methodology developed to the complex structure of the coastal maritime sector of Panama, 
where we refer to the coastal maritime sector in inland waters, because it allows us a segregation of the 
consideration that is commonly present, of identifying the maritime sector of Panama as its merchant marine, 
which causes an exclusion of many other activities that are carried out in inland waters, which require a lot 
of attention due to their particular exposure. Regarding threats, deficiencies in historical data were overcome, 
which made it possible to identify threats caused by socio-natural phenomena and processes. Once the 
factors described above have been established, the vulnerability and resilience study highlights as critical 
factors the physical fragility of smaller vessels or small boats, the deficiencies in the crew's coping capacities 
and the lack of supportive technological tools / equipment. These results demonstrate the feasibility of 
quantifying vulnerability and resilience in the coastal maritime sector in inland waters of a country, 
furthermore they prove to be very useful when achieving an adequate scale to provide keys for future 
strategies and actions. 
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Beaches have become one of the main economic resources in the Mediterranean coastal area and a 
sustainable long-term planning of this resource should include a proper assessment of the carrying capacity. 
Previous papers have analysed the potential impact of climate change on the number of users, focusing on 
the sea level rise (SLR) as the key factor affecting coastal tourism. According to the latest Intergovernmental 
Panel on Climate Change (IPCC) Report released on August 9, 2021, climate change in coastal areas (CCC) is 
bringing multiple different changes in different regions. We can say that CCC is not just sea level rise.   
This paper aims at providing a wide description and evaluation of how these multiple different changes can 
affect the amount of visitors without any negative impact on the beach. Specifically, while previous papers 
have mainly considered the potential impacts of SLR-induced shoreline retreat on the physical-carrying 
capacity, the paper presents a beach carrying capacity (BCC) model, based on the Cifuentes method, that 
provides the real-carrying capacity (RCC) as a correction of the PCC by a set {Cf,1,…, Cf,n} of correction factors 
highly dependent on the environmental of the site. A subset {Cf,1, Cf,2 ,Cf,3} is directly related to the climate, 
and specifically to wave, wind and rainfall. Significant trends in wind velocity (Italian Air Force Meteorological 
Service data set) and rainfall intensity (Higher Italian Institute for Environmental Protection and Research data 
set) were evaluated based on IPCC scenarios, and trends in wave height were extracted from the Sea State 
Climate Change Initiative data set of the European Space Agency (ESA) under a research at Department of 
Architecture, Design and Urbanism at the University of Sassari (Italy).  
This robust modelling of climate change impacts on RCC is required to define beach management alternatives 
(MA) based on the available financial resources, infrastructures (hard and soft solutions), services, staff and 
equipment. The effective carrying capacity (ECC) is therefore the optimum number of visitors that a beach 
can support considering the RCC and MA. Two MAs (current and short-term horizon over ten years) were 
evaluated at La Playa beach (South Western of Sardinia, Italy) where the BCC model was applied with the goal 
to improve the conditions of the beach as a recreational resource and a means of coastal protection while 
providing amount and quality of facilities for the calculated ECC.  
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Gravitational convection plays a significant role in the ventilation, heat and mass distribution of aquatic 
systems. This study investigates thermally driven convection resulting from heat loss at the air-water interface 
during cooling periods in freshwater environments. In the littoral zone, where the water depth increases from 
the shoreline to interior waters (pelagic zone), uniform heat loss at the surface generates differential cooling 
between shallow and deep regions. If the latter process occurs for a long enough time, the density-induced 
cross-shore pressure gradient may drive an overturning circulation across littoral waters, known as “thermal 
siphon”. This paper examines the conditions under which a thermal siphon develops in natural water bodies 
and its associated convective regimes. For the above setting, we derive time and velocity scales associated 
with the transition from Rayleigh-Bénard type convection to horizontal overturning circulation across sloping 
basin regions. The above transition in the convective regime is characterised by a three-way horizontal 
momentum balance between the cross-shore pressure gradient and inertia before reaching a quasi-steady 
regime. Our theoretical scaling expressions are supported by high-fidelity numerical simulations and field-
scale experiments, and they provide a robust conceptual framework to characterise convective flows induced 
by night-time or seasonal surface cooling in nearshore aquatic systems, such as lakes, reservoirs, and coastal 
seas.
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The last 350 km of the Uruguay river, from Salto Grande dam to the Río de la Plata estuary, are part of a 
natural border between Uruguay and Argentina, in South America, having around 600,000 inhabitants on its 
margins, and several commercial ports and marinas, which move around 3 to 4 million tons of cargo a year. 
This stretch of the river is a shared resource, being of great importance from a social, environmental and 
economical standpoint. 
 
Astronomical tidal waves and storm surges entering from the Río de la Plata estuary and propagating 
upstream are generally known to cause flow reversals on the Uruguay river, but up to date these have been 
seldom studied either via numerical modelling or field measurements. Their total distance of propagation, 
frequency and conditions of occurrence, duration in time, and velocity of flow reversal, are parameters 
relevant to the management of the river. This study aims to characterize the flow reversal events. 
 
In this context, a two dimensional hydrodynamic numerical model was implemented from Salto Grande 
hydroelectric dam to the Río de la Plata estuary, using TELEMAC-2D. The model was calibrated and validated 
using free surface elevation data from several stations along the river, as well as velocity data from ADCP 
measurement campaigns, resulting in the most detailed and exhaustively validated model of the lower stretch 
of the Uruguay river available to date. 
 
The model was used to generate a hindcast of velocity and free surface levels for the period 2004 to 2010. 
Velocity time series were extracted along the river’s main channel and processed using a series of filters and 
a watershed algorithms in order to identify individual flow reversal events, thus generating a new database 
from which these events were statistically characterized. This characterization showed that duration ranged 
from 1 to 34 hours, with velocities up to 1,3 m/s, and penetrations reached up to 285 km, with a mean 
frequency of occurrence of 3 to 4 events per week.  The relationship of this characteristics with Salto Grande’s 
discharge was analysed, determining that the most intense events occur during periods of low discharge (less 
than 2,000 m³/s) coupled with storm surges from Río de la Plata entering the Uruguay river mouth. 
Conversely, similar storm surges coupled with high discharge (larger than 10,000 m³/s) produce weaker flow 
reversals, with a fifth the penetration and less than half the duration.
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To preserve consistency and commonality between different research groups investigating similar fluid-
structure interaction problems, it is important to understand the influence of the fully developed approach 
flow. In smooth open channel flows, a fully developed state is generated by suitably tripping the near bed 
inflow. When the tripping is not adequate, the flow at the downstream location may deviate from the fully 
developed state. In the present study, the experiments are conducted with and without tripping, and the 
velocity measurements are carried out with a planar Particle Image Velocimetry (PIV) system. The Reynolds 
number based on the flow depth is constant at 39 000. The aspect ratio (channel width/flow depth) is kept 
sufficiently high to minimize the effects of the secondary currents. Under these conditions and for the given 
inflow length, the flow without a trip presents a developing open channel flow. The flow is tripped with a 
patch of coarse grain sand particles and the size of the trip is varied until a fully developed state is achieved. 
The mean velocity and Reynolds stresses appear to be similar between the developing and the fully developed 
flow. A good agreement between these two flow states is also achieved for the shear stress contribution from 
different quadrants. However, there is no free stream region theoretically present in the fully developed open 
channel flow and the interaction between the flow inside and outside of the boundary layer is not possible. 
Unlike the developing flow case, the state of flow in the fully developed condition is highly constrained due 
to the confinement of the free surface. Further analysis is carried out to observe the wall-normal distributions 
of fractional shear stress and the ratio of shear contribution from second and fourth quadrants (RQ2/Q4) and 
a clear deviation is identified close to the free surface. Finally, the variable RQ2/Q4 is conditionally averaged 
based on the number of momentum zones present in each instance and it shows the presence of vertical 
variability in the quadrant events for the fully developed flow, when compared to the profiles of the 
developing flow. 
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The steady growth in ship sizes poses new challenges for the port of Hamburg, like in many ports in the world. 
Increasing vessel dimensions and draughts in combination with limited river geometry (e.g. draught limiting 
water depth or restricted sizes of turning circles) induce the need of additional nautical data to ensure the 
lightness, efficiency and safety of shipping. 
Hence, the desire of meteorological and hydrodynamic data for an innovative and accurate navigation 
support is increasing. Therefore, the Hamburg Port Authority (HPA) and DHI have developed an Operational 
Current Information System (OpCIS) for the Port of Hamburg area. OpCIS provides a web-based display of 
real-time and forecast current speeds and -directions and predicts the slack tide situation in the Port of 
Hamburg. To facilitate this, a fully automatized operational system composed of i) a calibrated and validated 
two-dimensional hydrodynamic-numerical model, ii) data gathering (e.g. boundary conditions from official 
local water level forecasts), iii) recurring, automatized simulation runs providing real-time and forecast 
currents, iv) storage of results in a database and v) web-based interactive visualization of the results is 
implemented. 
The real-time and forecast application is used for operational navigation systems and utilized e.g. by the 
nautical headquarters, Hamburg harbour-pilots and an increasing number of further stakeholders also from 
the sector of civil protection. Parallel to the operational use of OpCIS, a long-term validation of the water level 
forecast during the last storm surge season has been carry out. In this work first results of the long-term 
modelling evaluations will be presented, including data quality assessments of the forecast, such as 
quantification of deviations from actual measurements and their origin by considering different forecast 
windows. Deviations can either be attributed to imprecisions of the model or the input data. Based on the 
findings, possible improvements of the numerical model e.g. data-assimilation of gauge data are discussed. 
As an outlook, further planned applications of OpCIS, as simulated water levels which should be used for the 
prediction of bridge clearances, or innovative web-based visualizations of OpCIS, will be presented. 
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Tidal sandbanks are large-scale marine bedforms observed at the bottom of shallow seas such as the North 
Sea and the East China Sea. They are tens of kilometres long, five to ten kilometres wide and tens of metres 
high, and provide ecosystem services to marine flora and fauna, and economic activities including wind farms, 
pipelines, and sand extraction.  
 
Importantly, tidal sandbanks are dynamic bedforms that evolve over centennial timescales. They grow in 
height, change cross-sectional shape, migrate, and induce new bedforms, as evidenced by numerical models 
that simulate their morphodynamic evolution (Roos et al., 2004; Yuan et al., 2017; van Veelen et al., 2018).  
These models assume that sediment supply is available without limitations. However, sediment scarcity 
occurs when non-erodible layers are present just below the seafloor, as is the case on the Belgian and French 
continental shelves (Le Bot, 2001). Here, we investigate how limitations in the sediment budget affect the 
cross-sectional evolution of tidal sandbanks, and related ecosystem services, using a novel process-based 
morphodynamic model. 
 
Our model solves the morphodynamic evolution that is driven by the nonlinear interaction between tidal flow 
and bed topography. We adopt a coupled-domain approach, which distinguishes between a domain with and 
without sediment available. Specifically, the domain without sediment cannot have a net sediment pickup 
during a tidal cycle. Both domains are coupled via the nonlinear hydrodynamic shallow water equations, and 
the advection-diffusion and mass balance in sediment transport. Following Roos et al. (2004), our focus lies 
initially with the evolution of the cross-section. Therefore, our model is run in 1D, i.e. depth-averaged flow 
and a topography that varies only in the cross-sectional dimension. 
 
Our results will show how the morphodynamic evolution of a sandbank in a sediment-scarce environment 
differs from a sandbank with unlimited sediment available. The crest height, trough depth, and the generation 
of adjacent bedforms will be limited by the presence of a non-erodible layer. This may limit its capacity to 
capacity to provide ecosystem benefits. Particularly, the capacity of a sandbank to recover from aggregate 
extraction may reduce due to the absence of new sediments.  
 
References: 
Le Bot, S (2001) Morphodynamique de dunes sous-marines sous influence des marées et des tempêtes: 
processus hydro-sédimentaires et enregistrement : exemple du Pas-de-Calais. PhD-thesis, University of Lille, 
pp. 311 
Roos PC, Hulscher SJMH, Knaapen MAF (2004) The cross-sectional shape of tidal sandbanks: modelling and 
observation. J. Geophys. Res. 109, F02003.  
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The overtopping of coastal structures is an important design criterion since the overtopping water volume 
and  spray formation can affect harbor operations. The determination of average and maximum overtopping 
volumes is a standard requirement for coastal structures.  
Overtopping is a highly non-linear dynamic phenomenon, and usually analyzed using physical or numerical 
models. There is only a very limited amount of theoretical work reported, relating to overtopping by reflected 
waves where a linear approximation for the wave profile gave good results. No theoretical model however 
exists for breaking wave or ‘impulsive’ overtopping.  
When the front of the breaking wave hits a vertical structure, a fast uprush jet is generated. The uprush 
velocity vup of the jet can reach a speed of six to ten times the shallow water wave velocity giving theoretical 
uprush heights of 18 to 50 times the water depth. This appears very high when compared with observations.  
At Southampton University, a model for breaking wave or 'impulsive' overtopping was developed using a 
linearised approach for simplicity. The theoretical approach is based on the conservation of energy and mass, 
and links two steady-state conditions: 
(1) the approaching undisturbed wave, and  
(2) the moment when run-up is complete, and the kinetic energy has been transformed to potential. 
For the analysis, the complete energy of wave crest is assumed to be focused into the uprush jet as a 
conservative assumption, The uprush is idealized as a triangular body of water. The overtopping volume VOT 
is assumed to be the volume of the uprush which extends above the top of the structure at a freeboard height 
Rc. VOT can then be calculated and plotted as a function of the uprush height and the freeboard.  
The analysis showed that the overtopping volume depends on the freeboard Rc of the structure, and on the 
ratio of uprush height and wave height. It is assumed that this ratio can vary, depending on the breaker shape. 
The overtopping volume then reaches a maximum for a defined ratio of uprush and wave height which ranges 
from 3 to 15 for relative freeboard heights of 1 ≤ Rc / H ≤ 3. 
The theoretical model developed here was compared with measurements of overtopping volumes created 
by single waves as reported in the literature. The theoretical predictions were found to be surprisingly close 
to the measured overtopping volumes. The trend of the experimental results, with overtopping volumes 
reducing with increasing freeboard, was also matched by the theory. The model allows to assess the effect 
and interaction of wave and geometric parameters on overtopping volumes. Uprush heights predicted from 
initial velocities given in the literature however led to unrealistically thin uprush jets. 
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Tien Chau tidal inlets providing only access from the Xuan Dai Bay to the Tien Chau Harbor is a major waterway 
of Tuy An district, Phu Yen province, Vietnam. The Tien Chau tidal inlets are located in a tropical monsoon 
region, with a low-meso tidal range, a medium wave height, and an insubstantial river inputs. Moreover, the 
Tien Chau tidal inlet is anchored directly next to a pronounced bedrock headland and is bordered on its 
opposite side by a sandy spit. The downdrift barrier island is absent. These features make the Tien Chau Tidal 
inlet differ markedly from those which are not attached to headlands or occur along straight barrier 
shorelines, such as those observed on the United States' East Coast and Gulf Coast, the coasts of Australia, 
Canada, or West Germany, and similar to those on the northeast coast of the New Zealand, but without 
monsoon climate. Despite its important role, the Tien Chau tidal inlet is filling with sediment and the sandy 
spit is fluctuating landward and seaward. The unpredictable currents, waves, and shifting of the updrift barrier 
make it difficult for ships to travel through the inlet and have negative influences on the local environment 
and fishery resources. 
In this study, a comprehensive data set of waves, tide, river flow, and topography were collected and 
measured at different sites across this environment. The geomorphology of the Tien Chau tidal inlet was 
assessed using measured data in combination with satellite imagery, aerial photographs, and topographic 
maps. From this, the main morphological characteristics of the system were studied. It is suggested that the 
headland offers a natural protective barrier and block incoming waves from Southwest monsoon. As a result, 
the sandy spit fluctuates significantly during the flood season coincide with the Northeast monsoon. 
Moreover, although average river discharge is low, a strong relationship between the width of the inlet throat 
and river inputs is indicated, suggesting the important role of the river input on the stability of the tidal inlet, 
especially during flooding from the upstream river. Furthermore, it is also suggested that the hydrodynamics 
of the flood tidal delta is similar to that of a compound channel. 
Additionally,  the measured data sets were used to validate and calibrate the performance of a schematized 
coupled hydrodynamic and wave model for the Tien Chau Tidal inlet, built in the Delft3D model system. The 
good agreement between observed and modeled waves and flow, with nearly default parameter settings 
confirms this model a tool to study hydrodynamics and associated sediment transport, and to propose better 
solutions to manage the Tien Chau coastal and estuarine systems. 
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Rivers provide many ecosystem services to society, for example, food, flood mitigation, or recreation. It is 
known that the river in good condition provides a higher number of ecosystem services. The goal of the study 
is to: (i) assess ecosystem services and (ii) compare the channelized and natural segments of the Odra River. 
The Odra is one of the major European rivers (840 km). The upper part of the river is in Czechia and is 
characteristic of its preserved meandering belt and unique fluvial landscape. However, the Czech government 
considers constructing a Dunaj-Odra-Labe waterway here. This planned waterway represents a possible 
threat to the river and ecosystem. Our study reach (50-km-long part) located between the city of Odry and 
the confluence with the Ostravice River in the Moravian-Silesian region, Czechia. We chose to assess four 
segments of this river for their contrasting character. Some river segments create meanders with large wood 
and gravel bars. On the other hand, other segments are channelized due to flood protection of the Ostrava 
city (280,000 inhabitants). We adapted the methodology of Keele et al. (2019) combined with more precise 
evaluations. From these data, we calculated the final score of ecosystem services for each river segment. In 
summary, these results show that channelized and natural segments achieved different capacities in 
provisioning ES. Natural segments provide a better function in flood mitigation and recreation than 
channelized segments. This conclusion advocates for the preservation of the meander bends and fluvial 
landscape of the Odra River. 
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Homogeneous Low Crested Structures (HLCS) with pre-cast concrete units are a new coastal structure to 
protect beaches from wave attack. HLCS are a green infrastructure which can be used to restore degraded 
coral reefs areas where not only the coastal protection is important but also the regeneration of coral reefs. 
The placement grid of HLCS plays a relevant role on their hydraulic performance affecting the wave 
transmission and hydraulic stability.  
Within the Project HOLOBREAK, 5-layer Cubipod HLCS trunks with cotα=2:1 were tested in the wave flume of 
the Laboratory of Ports and Coasts (30 x 1.2 x 1.2 m) at the Universitat Politècnica de València. The 5-layer 
Cubipod HLCS was constructed following a triangular equilateral placement grid with porosity p[%]=50 on a 
4% bottom slope. The model showed a total height around 20 cm with Cubipods with nominal diameter 
Dn[cm]=5.17. In total, 100 tests were carried out with four wave steepnesses (s0p=0.01, 0.02, 0.03 and 0.04) 
and four crest freeboards (Rc[cm]=-3, 0, 5, 10 cm). The tests measured the layer thickness, armor stability, 
wave reflection and wave transmission of the structure. The wave height (Hm0) and wave period (Tp) at the 
toe of the structure were obtained using the SwanOne model. 
In order to eliminate the influence of the changes on the crest freeboard during the tests, only the tests before 
Initiation of Damage were used to estimate the transmission coefficient of 5-layer Cubipod HLCS (around 45 
tests). Existing formulas to estimate wave transmission on Low Crest Structures such as d’Angremond et al. 
(1996) and the only formula to estimate the wave transmission on HLCS (Medina et al., 2019) did not provide 
accurate predictions due to the differences on the structure geometry or the range of application. In this 
study, Neural Network models are used to create a new wave transmission estimator valid for 5-layer Cubipod 
HLCS with R2=0.91 within the ranges -2.0≤Rc/Hm0≤3.6 and 0.008≤s0p≤0.035 (Lozano, 2021). 
 
REFERENCES 
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School of Civil Engineering, Universitat Politècnica de València, Valencia.  
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Ocean temperature rise and ocean acidification due to climate change, as well as other impacts resulting from 
human activities, seriously threaten the coral reefs of the world. The retreat of coral reefs in recent decades, 
and their progressive degradation, is a clear indicator of the poor health of coastal ecosystems, which also 
affects the stability of the beaches protected by these coral reefs (Silva et al., 2016). Besides the importance 
of coral reefs for the resilience of coastal ecosystems, they produce on average 1,000 m3/km2 of biogenetic 
sediment per year, which is important in maintaining the long-term stability of sandy beaches in the Tropics. 
Sea-sand-sun tourism is critical for the economic development and social stability of many coastal 
communities worldwide. Tourism in coastal areas is often directly related to the quality of their natural 
resources; primarily their beaches.  
The HOLOBREAK Project is focused on developing and using Homogeneous Low-Crested Structures (HLCS), a 
new type of coastal structure composed of large rocks or pre-cast concrete units, similar to low-crested 
structures (LCS) without a core. These structures mimic the protection provided by coral reefs to adjacent 
beaches and, at the same time, provide a porous substrate which allows colonization of the structure by local 
species. Contrary to LCS with core, the height and crest freeboard of a HLCS can only be adjusted changing 
the unit size, the number of layers or the placement grid. The placement grid of the HLCS is relevant in the 
economic, logistic and functional perspectives; it affects the feasibility of construction, the costs involved and 
its effectiveness as beach protection.  
Different placement grids have been analyzed using the results of physical and numerical placement tests 
(Molines et al., 2021). The hydraulic stability and performance of different Cubipod HLCS have been analyzed 
in 2D small-scale physical tests (Medina et al., 2019).  
 
REFERENCES 
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The hydraulic stability of the armour layer has been widely discussed in literature, and several formulas have 
been proposed for design purpose. Nevertheless, few studies focused on the armour behaviour in case of 
limited water depths. The objective of the present research is to provide more insights on the stability of the 
armour layer till extremely shallow water conditions. New physical experiments have been carried out in the 
wave flume at the Environmental European Maritime and Environmental Research Laboratory (EUMER) of 
the University of Salento (Lecce), in presence of a 1 to 30 foreshore. Tests aimed to investigate both the 
nearshore hydrodynamics and the hydraulic stability under different irregular wave attacks. Four water 
depths were adopted and in order to produce a significant damage to the structure, the rock size was scaled 
down accordingly. After each test, the erosion area (Ae) has been quantified by a laser bed profiling system, 
and the structure damage (S= Ae÷Dn50²), where Dn50 is the rock nominal diameter, has been determined to 
investigate it in a range between 0 and 12, useful for design purposes. Moreover, both statistical and spectral 
wave characteristics, have been retrieved from resistive wave gauges located along the flume and at the 
structure toe. The latter have been evaluated even without the breakwater, since no reflection analysis is 
suitable in shallow water conditions (Van Gent, 1999).  
In the full paper the experimental set-up will be described together with the main preliminary results. 
Specifically, the measured damage S calculated after each test in different shallowness conditions will be 
reported and discussed. Experimental results will be also compared to the damage computed by applying the 
widespread formulas of Van der Meer (1988) and Van Gent et al. (2004), in order to understand if the 
formulations are able to predict the level of damage when the breaker parameter ξm is larger than 10.  
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Global warming is producing a progressive sea level rise. This situation results in greater and more frequent 
extreme events whose effects have strong impacts not only in coastal low-lying areas, but also in coastal 
structures. In general, rubble mound breakwaters are the main maritime structures used to protect ports and 
coastal zones.  
The maximum run-up (Ru), and the corresponding run-down (Rd), measured vertically from mean sea level 
at rest, define the maximum and minimum height that the wave reaches above and below mean sea level in 
each wave cycle. If the run-up height is higher than the freeboard of the structure, it will produce overtopping 
(Q). Both are relevant factors in the design of breakwaters in coastal areas due to the damage to people, 
properties, infrastructures, etc. and the associated costs that such repairs may incur. 
Nowadays, most of the formulae used to design protective structures have been obtained experimentally in 
a wave flume. Some of them for run-up are Van Der Meer & Stam, 1992; Ahrens et al., 1993; Van Gent, 2001; 
Hughes, 2004; Kobayashi et al., 2008, among others. All of them using the Iribarren number (Ir) as principal 
similarity parameter between model and prototype. However, Díaz-Carrasco et al. (2020) showed that there 
is not a biunivocal relationship between Ir and the breaker type. 
Recently, Moragues et al., 2020 and Moragues & Losada, 2021 showed that wave breaker types on a given 
plane impermeable slope depend primarily on the wave steepness and relative water depth at the toe of the 
slope. The product (\chi=h/L·HI/L) and the quotient (\gamma=H_I/h) of these wave parameters determine 
the observed flow regimes on the slope, namely wave breaker types, run-up and run-down.  
In the conference the results of diverse group of tests that were carried out at the IISTA-UGR wave laboratory 
will be presented. Several different slope angles were tested. Run-up and run-down were measured with 
cameras located oblique to the ramp and the breaker types were identified through photographs. Three flow 
regimes can be observed: fully reflective (surging), fully dissipative (weak plunging and spilling) and 
transitional (strong plunging, strong and weak bore).  
It will be shown that the experimental results in the transitional regimes are severely scattered due to 
different processes related with the dual dissipative-reflective partition of the incident wave energy. Based 
on these results in the final paper will be discussed the uncertainty of the run-up/run-down formulas based 
on lab-experiments and their performance for real-world design conditions. 
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The Alpine Rhine is the main tributary of Lake Constance. Just upstream of the river mouth, its mean annual 
load amounts to ca. 2×10⁶ tons, consisting mainly of sand and silt (90%) and a minor portion of gravel (10%). 
This considerable sediment load led to the formation of a river delta at the south-eastern part of the lake 
after the last glacial period. At the end of the 19th century, river training of the Alpine Rhine included the cut-
off of former distributary channels to achieve a straightening of the river. Delta formation thus continued at 
a bay not affected by sedimentation for centuries. As a consequence, the channel slope decreased upstream 
of the river mouth and reduced the intended flood protection. As a mitigation measure, the river channel was 
extended into the lake by construction of levees built on existing delta deposits, starting in the 1970s. The 
extension of the stream course into the lake conveys fine sediments into deeper waters and avoids further 
sedimentation of the bay. In the last decade, the extension of the channel was finished for the time being. 
However, deposition of sediments at the newly created river mouth will continue.  
 
A numerical 1D model based on river cross sections and the depth-averaged shallow water equations 
considering bed load and suspended sediment transport as separate modes is used to study the long-term 
development of river-mouth structures of the Alpine Rhine in Lake Constance. The computational domain 
comprises the 3.55 km long river extension and part of the upstream channel and the lake. At the upstream 
boundary, a unified bed- and suspended load relation is defined based on measured sediment load at the 
upstream gauging station. The model is calibrated and validated by simulation of bed level changes of two 
well-documented flood events with different sediment volume balance. In a first step, the model is used to 
simulate basic delta sedimentation processes over several decades for various scenarios with varying inflow 
hydrograph, sediment feed and lake level, what enables the estimation of mean progression rates. 
Subsequently, the potential and limitations of future channel extension are discussed considering continuous 
rise of bed level and dredging capacity. The findings may raise the discussion about the scope and 
development of new river-mouth structures and may support the development towards a delta with natural 
look. 
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Coastal erosion has gained importance in many countries with coastal zones exposed to severe maritime 
conditions. Portugal, due to its location in the North Atlantic, is no exception. At global level, the sea level rise 
is presently one of the main drivers of coastal erosion and therefore several interventions have been designed 
and build to mitigate its consequences, including hard structures and natural based solutions. However, any 
type of intervention implemented to stabilize the coastline and increase the resilience of the beaches can 
induce significant changes in the local morphodynamics because bottom velocities, currents and sediment 
transport itself are changed in direction and magnitude.  
The main purpose of this paper is to study the phenomena that can occur near detached coastal protection 
breakwaters, such as scour and accretion. Therefore, Carneiro beach, located near Douro river mouth, more 
precisely north of Felgueiras’ breakwater in Porto, has been used as a case study. This beach is often affected 
by severe maritime environmental conditions so that, during storms, waves are able to overtop the seawall 
of D. Carlos Avenue. In order to mitigate risks, Consulmar Lda designed a coastal protection intervention 
composed of five detached breakwaters. 
The experimental study of this new coastal protection solution took place at the wave tank of the Hydraulic 
Laboratory of the Hydraulics, Water Resources and Environment Division of the Faculty of Engineering of the 
University of Porto. In this study a geometric scale of 1/60 was used in order to be able to represent the area 
of interest and the bathymetry of the beach up to a depth of circa 13 m. The intervention consisted of three 
different types of structures: two vertical and three rubble mound breakwaters (two with the armor layer 
composed of rocks and the other one of Antifer blocks). Around 53 experimental tests were carried out, by 
combining four water levels, three peak wave periods and multiple significant wave height. The analysis of 
the results is focused in the reduction of wave energy provided by the breakwaters and on the patterns of 
sediment transport around the structures, in order to identify and discuss scour and accretion phenomena. 
The results obtained in the physical model show that in vertical breakwaters there is a higher scour 
phenomena on the sea side compared to the other structures due to its higher reflection coefficient. The 
scour phenomena also occurs where there is a contraction of the steady streaming, in this specific case, 
between detached breakwater 2 and 3. Finally, the results show that on the lee side the accretion phenomena 
occurs, with higher volume on the lee side of Felgueiras’ breakwater and also of breakwater 2 and 3.  
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Coastal zones and coastal structures are increasingly threatened by environmental forcing under a changing 
climate. Therefore, coastal structures, such as rubble mound breakwaters, should be properly designed to 
meet these requirements and ensure resilient coastlines. Reliability analysis of these structures aims to 
estimate the probability that the structures meet predefined safety and performance levels, by considering 
uncertainties related to actions, resistance, and design tools. This assessment requires evaluation of the 
structures’ response under a range of environmental actions. Furthermore, coastal structures are commonly 
subject to severe environmental forcing, e.g. extreme storms, during which no maintenance may be safe to 
undertake, and, consequently, such structures can be exposed to additional risk of damage, or even total 
failure. In this paper, the adopted methodology describes how to ensure coastal structures’ resilience to 
extreme wave conditions, i.e. their ability to withstand further wave actions without reaching their ultimate 
limit state, the total failure. To accomplish this, a fully probabilistic reliability analysis of a rubble mound 
breakwater is performed here, in combination with a prediction analysis of the expected time for the 
structure’ maintenance and repair. The methodology combines information on the joint probability density 
function of significant wave height, spectral peak wave period and storms’ duration and calculates the 
probability of occurrence of different levels of damage in the structure’s lifetime via a fully probabilistic 
method in order that the median mass of the breakwater’s armor units to be selected. In this step, the 
breakwater’s armor state is supposed to has a zero damage level, before it is exposed to each storm. 
Moreover, a resilience analysis is also described and applied by using the armor’s damage evolution model 
by Melby and Kobayashi (1999), estimating the expected year that maintenance of the breakwater should 
take place. Another output of the aforementioned methodology is the assessment of the failure probability 
of certain levels of cumulative damage of the armor’s layer of the structure, considering the random nature 
of independent storms’ sequence. Also, the methodology is applied to hindcast data at a location of the 
Mediterranean Sea close to the Barcelona coast in Spain, and detects and represents storm events in the 
coastal area of interest. Thereby, an insight is gained for the extreme forcing on coastal structures induced by 
coastal storms enabling the assessment of structures’ probability of failure and repair. In short, the necessity 
for performing a combination of a reliability and resilience analysis of rubble mound breakwaters is derived 
from the present paper, in order that those structures be properly designed and, also, timely repaired to be 
continuously in an admissible level of damage, defending thus aptly coastlines from extreme sea conditions. 
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Sandy coastlines are under threat of erosion. The erosion process is being driven by sea-level rise, 
meteorological and marine forces, anthropogenic activities, and other factors. Taking the approaches of 
building with nature and nature-based coastal defense solutions have emerged as an indispensable part of 
achieving sustainable coast management practices. Sand fences have been considered as a sustainable way 
of countering beach erosion and stimulating dune growth for a resilient beach-dune system. This study 
therefore sets out to investigate the feasibility of ecosystem-based natural materials for constructing sand 
fences at the Belgian coast. The investigations are twofold: (1) selection of materials, design, and 
configuration of structure; and (2) field tests and assessment. An important prerequisite of material selection 
is that all materials should be natural, stable but moveable when needed, and have the least impact on the 
ecosystem. Based on the local situation, three materials were chosen: bamboo, tree cuttings, and perforated 
wooden panels. To date, there is no consistent protocol exists for constructing sand fences, however, good 
practice rules for design are collected and used as guidelines in the design process. Three fences were 
constructed and tested for sand trapping in April 2021 at the Belgian coast (Groenendijk). Two Terrestrial 
Laser Scanners were deployed, and placed at the direction of upwind and downwind of the fences. The results 
showed a ranking of the 3 chosen materials. Bamboo scores best, collecting a sand volume of 301 cm³ at a 
rate of 147 cm³/h or 2.4 cm³/min. The tree cuttings come second collecting a sand volume of 62 cm³ at a rate 
of 26.2 cm³/h or 0.44 cm³/min. The perforated wooden panels do not score very well, eroding a sand volume 
of 814 cm³ at a rate of 153.5 cm³/h or 2.6 cm³/min. The first sets of investigations provide valuable data for 
assessing future sand trapping strategies at the coastal sites where densely populated with high social and 
economic activities. It highlights further the imminent need for effective design and implementation of 
adaptive measures for the resilient coastline. 
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Europe's largest artificial lake district evolves currently in the former central German mining district and the 
Lusatia region in Eastern Germany, where more than 30 former open-pit coal mines are being flooded. By 
abandoning coal mining, these regions need to be restored in terms of landscape and also economy. In this 
regard, the lakes and their shores are key components within regional development plans. Thus, issues of soil 
mechanics (bank and slope stability), water quality, wave climate as well as long-term shore development are 
of great importance. Since investments and projects (e.g. floating houses, marinas etc.) at the lake shores 
strongly depend on these developments, predictions regarding wave impact and sediment transport 
processes under extreme and long-term conditions are necessary. In this context, the paper focusses on 
numerical investigations using the software Delft3D for selected lakes in this region. The modelling of the 
heterogeneously composed shorelines of the pit lakes (overburden sections consisting of fine grained 
sediments and naturally composed sections) was just one of many specific aspects that had to be considered 
in the assessments. Due to the objectives of the "European Green Deal", more pit lakes will emerge in Europe 
in the near future, and thus expecting an increase in interest and importance of the addressed research topics.
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Sandy beaches are among the most populated areas worldwide and they host many socio-economic activities. 
However, these environments are vulnerable to the impact of coastal storms causing severe erosion and 
shoreline retreat. In order to improve our understanding of simulating storm-induced coastal erosion, several 
one-dimensional and two-dimensional XBeach simulations were performed. In this study, two locations of 
the southern Portuguese coast were selected: Praia de Faro and Quarteira. The former is a natural open 
beach, while Quarteira, located ten km north, consists of a three-cell beach laterally limited by groins and a 
promenade at the backside. Both sites can be classified as intermediate or reflective beaches. Thus, in these 
environments, the modelling of sediment transport represents a challenge since the physical processes 
occurring are only fully solved by wave-resolving models. 
A sensitivity analysis of a 1D model, in terms of horizontal erosion, to three parameters, the wave asymmetry 
induced- sediment transport component (‘facua’), the initiation avalanching slope (‘wetslope'), and an 
enhanced onshore sediment transport component (‘bermslope’) was performed. The results revealed that 
the model was highly sensitive to ‘facua’, and 'wetslope' (especially in the foredune). However, if ‘bermslope’ 
was activated, the effect of ‘wetslope’ was partially reduced. The calibration in Praia de Faro showed that 
when ‘bermslope’ increased, ‘facua’ must be reduced to properly simulate the erosion since both affect the 
onshore-offshore sediment balance. The findings of the 1D validation were applied to a 2D model, and it was 
observed that 1D and 2D models, using the same settings, simulated similar erosion in the beach face, but 
the erosion in the dune highly increased in the 1D simulations. Moreover, the ability of a 2D model to simulate 
erosion during two storm events was classified as excellent. The evaluation of the recently implemented 
parameter ‘bermslope’, displayed for the first time that the model can simulate properly the erosion in a 2D 
scheme, without unrealistically enhancing the wave asymmetry sediment transport component. On the other 
hand, in the groin-protected site of Quarteira, a 2D model was successfully validated for the same storms, 
although different settings were required (lower ‘facua’ and ‘bermslope’ off). These engineering protections 
controlled the morphodynamics of the site during the storm events and might affect morphological 
modelling. This work demonstrates the application of XBeach at steep beaches, providing new insights on 
how to obtain the best calibration parameters, and contributing for the accurate modelling of coastal erosion 
and development of early warning systems at intermediate to reflective open and protected beaches. 
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A numerical wave model has been developed for Brandon Bay on the west coast of Ireland to investigate 
storm wave conditions in the Bay. The model consists of a regional North-East Atlantic domain at a resolution 
of 0.05° and a nested local Brandon Bay domain resolved at 0.001° (approximately 110 m). The model uses 
freely available datasets. Wave boundary conditions for the regional model are retrieved from NOAA's global 
Wave-Watch III dataset, while those for the local model are supplied from the regional model. The wind input 
is from the NOAA-NECP global CCMP atmospheric dataset which was verified against measured data from a 
temporary local wind station in the study area. The regional model was calibrated against offshore buoys 
within the north-eastern Atlantic ocean for one month between May and June 2017. The local model was 
calibrated against AWAC measurement data for a similar period. During calibration, sensitivity tests were 
conducted for the domain size, wave growth formula, white capping formula, diffraction and wave breaking 
parameters. The calibrated models were finally validated against three months of measured data from 
January 2020 to February 2021. As a first step towards characterising storm conditions in the Bay, a hindcast 
for a one-year period (2020) was simulated. The wave outputs were used to analyse the storminess 
characteristics in the Bay.
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The existing Elmina port, Ghana suffers from sedimentation at the port entrance and is a danger for 
navigation. As part of the Elmina fishing port rehabilitation and expansion project the coastal morphology and 
sedimentation risks have been assessed. 
 
The use of historical resources, such as old admiralty charts, sketches, drawings, and old photographs, as a 
source of evidence to assist in the understanding of the long term changes to coastlines has been well proven, 
as exemplified in the 2011 Publication “A coastal historical resources guide for England.” These historical 
resources have been collected and analyzed for Elmina Bay to infer how the beaches have responded to 
various constructions over the centuries and how this can be applied to guide the future development of the 
fishing port. 
 
Through examination of the available historical resources, four key construction activities have been 
identified that led to significant changes to the beaches. These consist of the construction of two masonry 
river training walls between 1786 and 1799 (and can partially still be seen today); a rock breakwater in 1958-
1959; a lee breakwater in 2008; and a rock revetment in 2017. 
 
The construction of the two masonry training walls in the 18th Century by the Portuguese to improve access 
to the river led to the creation of a beach in front of the Castle, prior to which historical drawings indicated 
there were only rocks. Adding the new breakwater in 1958-1959 caused a rapid accretion of around 50 m to 
the adjacent beaches, compared to the 1937 shoreline. By 2005 the northern training wall extension had been 
completely buried under sand and the man breakwater had come to the end of its life and fallen into disrepair. 
The 2008 repair works and construction of the lee breakwater led to further changes in the morphology 
including a reorientation of the river. Sedimentation at the entrance of the port continued, which was due to 
bypassing of the sand around the seaward end of the main breakwater and partly being pumped through the 
whole length of it, from a lack of the appropriate core material. This led to navigation issues. Following the 
construction of the rock revetement the beach in front of the castle reoriented itself and further accreted. 
 
The information gleaned from examination of historical resources has illustrated how the shoreline has 
evolved over the centuries. The use of this resource provides coastal engineers insight on long-term changes 
and can be applied for the further development of the fishing port at Elmina. This information was used to 
create a sediment transport pathway map and supplemented the numerical modelling of sediment transport 
to ensure the new port design does not suffer from the same sedimentation risk. 
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Erosion of sandy coasts is often countered by applying beach and shoreface nourishments. As a pilot project, 
recently a new type of (mega)nourishment was carried out near the Wadden Sea, where the nourishment 
was placed on the outer ebb-tidal delta. This area is characterized by its complex hydro- and 
morphodynamics, and so it is unclear how this nourishment will perform in the long term. Moreover, as this 
area is of great ecological importance, the stresses to the ecological environment should be minimized. One 
of the issues is that the sediment composition of the nourishment is different to that of the target area. The 
goal of this work is to gain insight in the role of sediment sorting processes and to predict the potential 
changes of the sediment composition of the ebb-tidal delta.  
 
We build upon earlier work of Nederhofff et al (2019) and Brakenhoff et al (2020), who developed a 
morphodynamic model for the Amelander tidal inlet system. To study the role of fractional sediment 
transport, we allow for an arbitrary number of sediment fractions, and we adopt the active layer approach to 
account for bed stratigraphy (see e.g. Damveld et al, 2020). The first step is to calibrate the model in order to 
reproduce the field observations as obtained during a large measuring campaign in 2017. Subsequently we 
include the nourishment in the model and perform a forecast of several years. 
 
Preliminary simulation results show that the model is able to predict the current grain size distribution pattern 
fairly well in a qualitative manner. Already in the tide-only case the predicted distribution of sediments 
generally shows a good agreement to the field measurements. Extending this case with wind and wave effects 
further increases the predictive capacity of the model. However, sensitivity runs show that the quantitative 
predictions depend on several parameters, such as the initial definition of the sediment fractions, forcing, 
thickness of the transport layer and MORFAC (morphological acceleration factor). Once further simulations 
have revealed the most optimal settings to replicate the field conditions, the model can be applied to predict 
the effect of the nourishment on the ebb-tidal delta.  
 
Nederhoff, C.; Schrijvershof, R.; Tonnon, P.; Van Der Werf, J.; Elias, E. (2019) Modelling hydrodynamics in the 
Ameland inlet as a basis for studying sand transport. Coast. Sediments 2019. 
 
Brakenhoff, L.; Schrijvershof, R.; van der Werf, J.; Grasmeijer, B.; Ruessink, G.; van der Vegt, M. (2020) From 
Ripples to Large-Scale Sand Transport: The Effects of Bedform-Related Roughness on Hydrodynamics and 
Sediment Transport Patterns in Delft3D. J. Mar. Sci. Eng. 
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The increasing in global maritime trade requires the use of large ship propellers that can create damages 
inside harbour basins, such as structural failure of quay structures due to the erosion of the bed induced by 
the propeller jet. 
Hamill et al. (1999) examined the scour hole due to propeller jet with and without a quay structure (confined 
and unconfined conditions), providing equations to evaluate the maximum scour depth. The scour hole is not 
symmetric with respect to the propeller longitudinal axis, as recently demonstrated by Wei et al. (2017) and 
Penna et al. (2019) in confined and unconfined conditions, respectively. Furthermore, analysing the confined 
condition with two propeller diameters, three rotational speeds and three wall distances from the propeller 
face (X_{w}), Yüksel et al. (2019) found that the presence of a perpendicular quay wall produces a deeper 
scour depth then in unconfined condition. 
However, there are limited works regarding the three-dimensional (3D) analysis of the scour hole induced by 
the propeller wash in confined condition. Only the 3D analysis of the bed surface allows a detailed description 
of the main geometric characteristics (e.g., maximum scour depth, length, width and eroded and deposited 
sediment volumes).  
In this study, the maximum scour depth at the toe of the quay wall, as well as the other geometric 
characteristics, were investigated under a constant propeller rotational speed (480 RPM), eleven distances 
from the propeller and two elevations of the propeller from the bed surface (h_{0}). The scour profiles along 
the longitudinal propeller axis and at the wall were measured at predetermined time intervals using an 
Acoustic Doppler Velocimeter (ADV). The photogrammetry technique, combined with the use of a 3D 
Terrestrial Laser Scanner (TLS), was applied to acquire the equilibrium bed surface and create a high-
resolution Digital Elevation Model (DEM).  
The comparison between confined and unconfined longitudinal profiles at equilibrium shows that the scour 
hole is highly influenced by X_{w}, which causes three different shapes of the equilibrium scour profiles 
depending on its value: the near, intermediate and far toe clearance fields. Finally, new equations among the 
involved variables are proposed, by focusing on the eroded area (A_{s}) and eroded sediment volumes (V_{e}) 
versus X_{w}.  
 
References 
Hamill, G.A., Johnston, H.T., Stewart, D.P. (1999). Propeller wash scour near quay walls. Journal of waterway, 
port, coastal, and ocean engineering, 125(4), 170-175. 
Penna, N., D'Alessandro, F., Gaudio, R., Tomasicchio, G.R. (2019). Three-dimensional analysis of local scouring 
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Estimating the flow energy dissipation induced by a saltmarsh taking into account its characteristics (i.e. 
biomechanical properties, morphology, density) and the incident hydrodynamic conditions is crucial if 
ecosystem-based coastal protection measurements want to be undertaken. The characterization of a plant 
ecosystem by measuring leaf features, biomechanical properties of plants and the number of individuals per 
unit area is very demanding. This work present a new set of experiments performed to explore the potential 
of the use of the ecosystem standing biomass as the key variable defining the ecosystem wave attenuation 
capacity. A new set of experiments is proposed in which real saltmarshes with contrasting morphology and 
biomechanical properties and subjected to different incident flow conditions are used.  Four species of 
saltmarshes are considered: Spartina maritima, Salicornia sp., Halimione sp. and Juncus sp. After collecting 
the different species in the field using boxes where the vegetation was introduced with a layer of sediment, 
they were located in a flume leading to a 9.05 m long meadow. The meadow was tested under regular and 
random wave conditions considering three water depths. Wave height evolution was measured using 15 
capacitive free surface gauges and standing biomass was evaluated at different stages throughout the 
experiments, measuring the dry weight of the different species. A new formulation was obtained that relates 
standing biomass to the induced attenuation. This new relationship will help to quantify the expected coastal 
protection provided by the different saltmarsh species avoiding the use of any calibration parameter.
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Local coastal management has had in many cases undesirable effects over bordering areas or even in more 
remote coastal zones.   
Fortunately, these design mistakes have alerted us about the importance of changing the perspective and 
looking for solutions that do not transfer the problem to other points of the coast. In other words, to have an 
integrated vision of the coast when designing a project. This is especially relevant when the project is located 
on an open coastal system, as occur in our project area: the extreme north of the province of Valencia. 
The littoral dynamics of the stretch of coast sited between the Port of Castellón and the Port of Sagunt has 
been modified due to different anthropogenic actions: 
1.- The construction of the Sagunt (1902), Castellón (1915) and Burriana (1932) Ports, meant changes on 
sediments transport and generated accumulation and erosion processes at the north and south of them.  
2.- The retention of river sediments, the increased exploitation of the Castellón aquifer and the forest mass 
increasement, leads to a reduction in runoff and in the contribution of river sediment of between 80% and 
90%. 
3.- The urbanizations on the dune cord, currently more than 40% of the stretch of coast is anthropized, 
eliminates the natural reservoir of sediment from the beaches in case of storm events.  
The sum of all these actions has generated accretions to the north face of the rigid obstacles, combined with 
strong setbacks on the coastline in various southward areas. 
The erosive problems in Castellón were progressively transferred to the project area, affected by an intense 
longitudinal transport from N to S.  
The Almenara beach, which limits with the extreme north of the Project site, has periodically been nourished 
with gravels in order to stabilize the littoral, but a fraction of these gravels have been transported to the 
south, varying the sediment grain size and the shape of the beach profile affected. 
Main problems in the project area are summarized as follow: 
• Erosion and reduction in the quality of beaches of Malvarrosa, Corinto and north of Almardà, due to the 
loss of fine sediment and the gravels accumulation that modify the beach profile to one less safety for bathers. 
• Loss of accumulated sand on the Canet beach, transported towards the south of the Port of Siles. 
• Deterioration of the dune cord, natural reservoir of sediment during storm events, which favors flooding 
and beach erosion. 
All these problems will be described in the oral presentation, also including the different alternatives 
proposed and the design of the solution selected, which not just temporary solves the problem but warranties 
the stability of neighbor zones that could be affected. 
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Erosion poses a continuous threat for coasts and coastal communities worldwide. Nowadays coastal erosion 
is being intensively investigated due to the expected impact of climate change on the intensity of the drivers 
behind it (both natural- and human- induced) and its direct association to the inundation of low-lying areas. 
In the above context, numerical models are indispensable tools for the design of coastal protection and 
adaptation measures and, as such, their accuracy and reliability is continuously tested in both research and 
engineering applications. 
This work presents a new model for surf and swash zone morphology evolution induced by nonlinear waves. 
The nonlinear wave transformation in the surf and swash zone is computed by a nonlinear breaking wave 
model based on the higher order Boussinesq equations for breaking and non-breaking waves [1,2]. Regarding 
sediment transport, this work builds on the improvements introduced by [2] and adopts the latest update of 
the transport formula of [3] proposed by [4]. 
The wave and morphology evolution model is tested against two sets of experiments on beach profile change, 
namely the U.S. Army Corps of Engineers (CE) experiments and the Central Research Institute of Electric 
Power Industry (CRIEPI) experiments, as presented in [5]. The innovation of this work is the validation of a 
new Boussinesq-type morphology model under both erosive and accretive conditions in the foreshore 
(accretion is rarely examined in similar studies), which the model reproduces very well without modification 
of the empirical coefficients of the sediment transport formula proposed by [4] and without the use of an 
erosion/accretion criterion. The presented set of applications highlights model capabilities, as well as its 
suitability for coastal erosion mitigation and beach restoration design. 
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Submerged breakwaters are coastal protection structures that lie offshore, below the waters’ surface; they 
are ideal for controlling sediment transport at sandy open beaches while maintaining their natural 
appearance. However, the complex morpho-hydrodynamic interaction of a submerged structure in shallow 
waters makes its design with process-based models quite demanding. The current study proposes a hybrid, 
process-based and data-driven modeling approach to achieve a comprehensive analysis and optimization of 
the design parameters for submerged breakwaters. The process-based component consists of a coupled-
model which maximizes the speed of the 1-line model without compromising the detailed hydrodynamic and 
morphodynamic effect calculated across the 2D domain. The 1-line model allows for an assessment of the 
accretion and erosion along the shoreline caused by the structure, and how this is affected by changes in 
environmental and structural parameters. The results to date indicate the 1-line model is able to successfully 
replicate the expected shoreline response as the wave climate changes. The outputs of a limited number of 
such computationally intensive process-based simulations will be used to create a dataset for a data-driven 
model, which will be able to find relationships and patterns between design features and coastal response, 
and in turn, identify the best design to achieve intended outcome (e.g., minimize erosion).  
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The world's coastlines are under pressure from the threat of future Sea Level Rise (SLR). As coastal engineers, 
we need a way to monitor shoreline change over short and long-term timescales, for the current and future 
protection of coastal communities.  
Satellite imagery provides users with high temporal and spatial resolution data, which allows users to monitor 
the shoreline over both short and long-term time scales. Although we have access to high-resolution and 
frequent data, one of the main issues of using satellite imagery for coastal studies is the accurate extraction 
of the “true” shoreline position using a suitable coastal indicator. As the shoreline in a satellite image can be 
taken during any stage of the tidal cycle, providing users with an inconsistent shoreline position in every 
image, which then has to be further processed for tidal correction. 
This study looks at the capabilities of free high-resolution satellite imagery from Sentinel-2 which has been 
retrieved using Google Earth Engine (GEE), an online cloud-based platform used for geospatial analysis. The 
coastal indicator used to represent the shoreline position is the wet/dry boundary, the band parallel to the 
sea, which shows the extent of the previous high tide. This shore parallel band represents the wet sand, which 
can be delineated from images to give a consistent shoreline position. The shoreline has been extracted 
Classification and Regression Trees (CART) and an Artificial Neural Network (ANN). CART is a machine learning 
technique, which uses a decision tree algorithm to perform a classification by using a series of binary 
decisions, where the input is evaluated and one of two branches, are selected, to place the pixels of an image 
into different classes. ANNs consist of a network of neurons, which passes signals to each other. Neural 
networks are trained by initially assigning ‘random’ values for the weights, which are then adjusted when the 
data is backpropagated through the network which is based on the error associated with the output nodes. 
This training of the network is repeated until the error of the output is reduced to a minimum 
To date, preliminary results produced by the CART classifier at the study site Start Bay, show that the wet/dry 
boundary can be used as a proxy line for the extraction of the shoreline position. Results from the CART 
classifier will be compared to the ANN results to see which method produces the higher accuracy for the 
identification of the wet/dry boundary.  
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Coastal regions contain a variety of morphological landforms such as beaches, cliffs, and dunes, among others, 
with a very heterogeneous sediment composition. Their evolution in a medium and long-term basis strongly 
depends on the availability of sediment and its disposition in layers composed of different materials that can 
be loose or consolidated. This fact makes it very difficult to adequately represent the transport processes and 
to make predictions about their morphodynamics (Moser et al., 2012).  
 
The present study is based on the so-called Coastal Modelling Environment, CoastalME, (Payo et al., 2015), a 
framework that integrates the essential characteristics of landform-specific models using a common spatial 
representation within an appropriate software. The model includes the possibility of long-term cliff erosion, 
or shore-platform erosion which transform the consolidated sediments into available loose material which 
can be transported during storm events. In the more recent version, point or line specific sediment sources 
like as those associated to river discharges, dry riverbed or creeks were considered.  
 
The model is applied to different landforms with the settings implemented for Andalucía that contain (1) the 
geological substrate thickness model that considers not only the type of material, the average grain sediment 
size, but also discretizes the substrate into layers of different thickness and sediment solid states (e.g. loose 
and consolidated); (2) the presence of boardwalks, ports, buildings, and roads and (3) the sediment supply 
from ramblas (e.g. most of the time dry riverbeds but during heavy rainfall events when the supply non 
negligible amount of material to the coast). 
 
Its performance is analyzed in comparison with the model without those components, that is, run with the 
commonly general assumptions - homogeneous and infinitely thick sediment layer without sources of 
sediment supplies - and its ability to make medium- and long-term predictions of the evolution of the coast. 
 
References 
 
• Moser, S. C., Jeffress Williams, S., & Boesch, D. F. (2012). Wicked challenges at Land’s End: Managing 
coastal vulnerability under climate change. Annual Review of Environment and Resources, 37, 51-78. 
• Payo, A., Favis-Mortlock, D., Dickson, M., Hall, J. W., Hurst, M. D., Walkden, M. J., AIan Townend, 
Matthew C. Ives, Robert J. Nicholls, and Michael A. Ellis. (2017). Coastal Modelling Environment version 1.0: 



Theme 7 

Coasts, estuaries, shelves and 
seas 
 
a framework for integrating landform-specific component models in order to simulate decadal to centennial 
morphological changes on complex coasts. Geoscientific Model Development, 10(7), 2715-2740. 



Theme 7 

Coasts, estuaries, shelves and 
seas 
 
 

Spatio-temporal dynamics assessment of coastlines based on remote 
sensing data  

Mr. Pedro Otiñar Morillas1, Mr. Marcus Santana1, Dr. Manuel Cobos1, Dr. Pedro Magaña1, Dr. Asunción  
Baquerizo1 

1University Of Granada, Granada, Spain 

Theme 7: Coasts, estuaries, shelves and seas (7), Seminario 6, junio 24, 2022, 8:30 - 10:00 

In the last decades a large variety of models have been developed to estimate the future behavior    of the 
coastline. However, the uncertainty of the predictions is very large due to the limited amount of in situ data 
for their calibration and validation. Fortunately, technological advances are providing new sources of data 
which are becoming highly valuable. That is the case of remote sensing data, which are currently providing 
images with an interesting spatial and temporal resolution for modelling purposes. 
This type of information is available from, at least, the last two decades, but its use has increased 
exponentially at the coastal engineering field in the last few years. It allows a more exhaustive analysis of the 
dynamics of the coastline not only for long time scales (driven by cyclic long pattern climate variability as well 
as by sea level rise), but also for the short-term changes associated to the occurrence of storm events. 
The Guadalfeo river delta (Granada, Spain) is a highly altered coastal environment composed by 
heterogeneous material whose recent geological formation is related to the occurrence of extreme rainfall 
events that bring sediment pulses into the system, that are then redistributed along the coast by two 
alternating -almost opposite- wave incoming directions (Losada et al. 2011). Since the construction of a river 
dam at the beginning of the century at 8 km of its mouth, it is severely threatened by the shortage of sediment 
supply (Félix et al. 2012). 
The present work aims to assess the evolution of the coastline     from the analysis of shorelines obtained 
from satellite imagery at the Guadalfeo river delta. Available climate data, that describe the agents that force 
the system, including wave climate, sea level changes as well as river sediment discharges, will be considered. 
The focus will be in the shoreline evolution after river discharges and rates of erosion/accretion and recovery 
after sea wave storms.  
The deeper knowledge of the system dynamics at different temporal resolutions will help in the development 
of more robust and accurate predictive models with the aim of assisting public administrations in the design 
of adaptative management strategies. 
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Coastal zones are multidimensional dynamic systems that frequently include the inevitably complex 
interaction between environmental and natural variability along with socio-economic activities and 
infrastructure operations. Within the context of building a holistic framework for Integrated Coastal Zone 
Management (ICZM) applications, decision-makers and planners should comprehensively evaluate coastal 
dynamics. Exposure conditions including climate change impacts (e.g. sea level rise, extreme storm events, 
etc) and natural hazards (e.g. earthquakes), biophysical state, alteration in coastal population densities and 
characteristics, as well as construction of coastal and port infrastructure are among the most pressing factors 
that should be addressed in terms of determining coastal vulnerability. Since the latter is a time-dependent 
concept that refers to the degree the coastal system is susceptible to disturbances, continuous monitoring of 
coastline evolution is considered to be prerequisite for coastal vulnerability assessments. Recently, 
Unmanned Aerial Vehicles (UAVs) applications are offering a key and powerful technology in the field of 
coastal monitoring. This paper seeks to indicate the utility of Remote Sensing-driven monitoring approaches 
for assessing coastal vulnerability by deploying UAVs in conducting in-situ inspections at coastal zones. For 
this purpose, the case study of a coastal area at Northeastern Korinthiakos Bay at central Greece was 
investigated. The coastal zone under examination, which consists of separate coastal systems, belongs to a 
single regional management authority, namely Municipality of Thivaion, where development policies are 
currently promoted in the framework of facilitating an effective ICZM. Following this, field monitoring 
procedures including visual inspections and UAV flights have taken place in July 2021 aiming at recording 
current condition of the coastline and identifying present port facilities and geomorphology issues. To enable 
estimation of coastline erosion or deposition during the past years supplementary material including aerial 
imagery data provided by the Hellenic Military Geographical Service (HMGS) for three different years was 
utilized. All data collected was further analyzed to explore coastline evolution. The results have been proved 
to be crucial for the assessment of coastal vulnerability of not only each separate coastal system, but also the 
wider coastal zone of the municipality. Identification of coastline evolution and, thereafter, the degree of 
vulnerability facilitates a proactive planning adapted by relative authorities and managers, that can be further 
expanded towards the advancement of climate change resilience and sustainability of coastal zones.
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Plastics pollution impose threats on both water quality and aquatic environment. Therefore, appropriate 
management of past and future plastic debris that enters into the aquatic environment has become a 
necessity. Process-based numerical models have been recognized as useful comprehensive tools to fulfill such 
purpose. In this study a three-dimensional hydrodynamic model developed in TELEMAC-3D is online coupled 
to a particle-tracking module to simulate the dispersion of macroplastics in a tidal river estuaries and shelf 
seas. 
In order to accurately capture the physical mechanisms of plastic transportation, some new functionalities 
have been developed in this study. A particle tracking module is extended to determine the transport patterns 
of macro-plastics using a Lagrangian approach. The different types/classes of marcoplastics are released in 
the model and tracked individually. Different plastics are distinguished by different types of particles with 
different properties of buoyancy, size and settling velocity etc. Random walking and dragging force exerted 
directly on plastics by winds are considered as important processes in determining plastic dispersion patterns, 
and thus are properly parameterized in the model. 
 
The input plastics to the model is determined based on both field data and literatures, based on which, 
different classes of representative plastics will be selected and parametrized as different particles in the 
model. The release location of plastics are modelled based on probability in space. Large cities such as 
Antwerp is often the main contributor to the input of plastics to the river. 
 
The output of this study will be spatial distribution maps and particle tracking lines of different plastics over 
time, from which areas can be selected in which most particles and litter objects will pass by. This will serve 
as a guidance to determine the most optimal positions for installation of plastic cleaner. It also helps to track 
the sources and understand pathways of plastics flowing to sea and ocean.  
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Algal blooms in coastal waters can cause harmful effects to marine ecosystems and pose threats to fisheries 
management.  The formation of harmful algal blooms (HAB) involves the interaction of complex biological 
and physical processes; on the other hand, field observations of algal blooms are typically sparse and cannot 
capture the characteristic spatial and temporal variations of blooms.  Continuous real time data on algal cell 
counts and water quality are necessary for the development of HAB early warning systems.  We report recent 
findings of an integrated ecological monitoring system that has been successfully deployed in a subtropical 
coastal bay over a 3-year period.  The system incorporates: (i) a submerged in-situ Imaging FlowCytobot (IFCB) 
that is able to detect and classify up to 25 algal species with the use of a machine learning-based automatic 
classifier; (ii) a multi-parameter water quality monitor at two depths; and (iii) algal bloom risk prediction 
system based on antecedent environmental conditions. The algal cell count and relative species dominance 
(diatoms vs dinoflagellates) have been continuously monitored in a marine fish culture zone for the first time. 
The predicted algal bloom risks are found to correlate well with observed blooms; the changes in hydro-
meteorological conditions, water temperature and salinity, water column stability, cell counts, chlorophyll, 
and dissolved oxygen (DO) throughout an algal bloom cycle are illustrated through field observations.  
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In many cities around the world, river water is used for drinking and industrial water. Therefore, when a 
chemical substance flows into a river, the water supply is stopped while it stays near the water purification 
plant intake, which adversely affects the lives of citizens. 
 
This situation is expected to occur even during a large earthquake. It is conceivable that the chemical 
substances leaked from the facilities due to the great earthquake will flow into the river and will be 
transported by the tsunami running up the river, and the impact will be widespread. In Japan, a huge Nankai 
Trough earthquake is expected to occur in the near future. The Yodo River, which is located near the source, 
flows through urban areas, and there is concern that chemical substances leaked by the earthquake will flow 
into the river, be transported by the river run-up tsunami and reach the intake, which would affect the water 
supply system. 
 
In considering measures to minimize the effects of chemical substances flowing into rivers, it is important to 
quantitatively predict their behavior under various conditions. Since changes in fluid density affect flow, it is 
necessary to use a numerical analysis model that can consider the density current due to salinity and chemical 
substance in order to make predictions with high accuracy. 
 
In this study, we developed a 2DH-3D hybrid model that can analyze the propagation of a tsunami from a 
wave source in plane two dimensions and the local flow in three dimensions including the density difference. 
Using this model, we analyzed the behavior of chemical substances in the Yodo River at the time of the 
tsunami under different conditions of chemical substance density and river flow rate, resulting that the 
developed model can analyze the behavior of chemical substances in three dimensions under various 
conditions, and can quantitatively evaluate the effect on water intake.
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The Water Quality Index (WQI) model is a simple method for evaluating water quality and determining 
pollution levels. This approach is becoming increasingly popular as a result of its simple architecture when 
compared to other hydrological models. The development and implementation processes of WQI are also 
simple. Parameter selection is a critical step towards the development of any hydrological model, including 
the WQI model. According to many researchers, model parameterization is one of the key sources of 
uncertainty in the WQI models. Across literature, a range of techniques are used to select essential water 
quality features - expert opinion and literature review are the most common tools. This study aims to establish 
a technique for selecting important water quality parameters. The principal component analysis (PCA) was 
applied to filter the relevant water quality parameters. A dataset from water quality monitoring in Cork 
Harbour was used to test a suitability of PCA. The PCA1 component explained 41.5 percent of the total 
variance with strong positive loading on dissolved inorganic nitrogen (DIN), total organic nitrogen (TON), 
Molybdate Reactive Phosphorus (MRP), and strong negative loading on pH, dissolved oxygen (DO), and water 
transparency. Water biological oxygen demand (BOD), chlorophyll, and total organic nitrogen (TOC) all 
contributed to 25.8% of the data variance. In total, the PCA technique recommended nine significant water 
quality parameters from the list of eleven in terms of their relative importance. The reliability of the PCA 
method was assessed by intercomparison to a boxplot technique. A significant difference between the PCA 
and boxplot results was found to suggest that the PCA technique may not be a reliable tool for selecting 
crucial water quality parameters for the WQI model of coastal waters.
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The monitoring of coastal hydro-environment over large spatial area has been accomplished primarily via 
either remote sensing with satellite imagery or in-situ point-based measurements. The former is susceptible 
to cloud interference and infrequent acquisition time, whereas the latter is typically costly and time-
consuming for continuous acquisition. Remote sensing with portable Unmanned Aerial Vehicles (pUAVs) 
holds great potential to bridge the gap between satellite observations and traditional point measurements. 
Being capable of on-demand operation, UAV-borne sensor system is an efficient tool for the coastal region 
for air quality sampling, topography or bathymetry mapping, and coastal water quality monitoring with high 
accuracy and refined spatial resolution.  
To conduct an UAV survey at a coastal area, a diligent planning is required in order to ensure the safety of 
operations and the quality of data acquisition. In this study, a new comprehensive framework is developed 
for the preparation of an efficient drone-based survey for the coastal hydro-environment based on recent 
field experience. In this framework, the UAV survey planning is classified into four main categories: (i) 
administration preparation; (ii) UAV airframe considerations (i.e fixed-wing fUAV and portable pUAV system); 
(iii) flight planning; and (iv) environmental factors. In particular, this study will detail the necessary procedures 
for UAV-borne spectral imaging for water quality monitoring. In addition to the practical considerations of 
the local UAV’s regulations, it is imperative that the environmental factors and airframe configurations shall 
be included in the context of UAV survey planning. Specifically for the coastal environment, these factors 
include weather conditions (e.g. fluctuating wind speed and cloud cover), airframe systems (i.e payload, 
maximal endurance), execution plan (i.e flight parameters, safety thresholds) as well as marine water 
conditions (e.g sunglint, tidal conditions, and moving vessels) that can significantly affect the acquisition 
process and the quality of raw images. The details of the new framework will be presented in the conference.
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The pressures of agriculture on the pollution of coastal waters has increased worldwide due to the population 
demands of food, and the consequent increase in the use of agrochemical substances to maintain or improve 
productivity. This study estimates the potential pollution in coastal areas produced by the use of highly 
hazardous pesticides in the agricultural activity of coastal municipalities in Mexico.  In 2017, a total of 21.6 
million hectares of agricultural products were planted in Mexico, of which 13.3 million corresponded to 
coastal states (62 %) and 4.2 million to coastal municipalities (19 %). Initially in this research the two most 
important crops –in terms of planted surface extension in 2017- were selected for analysis, on each of 158 
Mexican coastal counties.  After review the type of crop and agrochemical used, the results of this paper are 
centered on those crops in which 7 types of highly hazardous pesticides (according with the Pesticide Action 
Network International Classification) were used. In all Mexican coastal states, at least in one municipality, 
highly hazardous pesticides (HHP) are applied to crops.   In the reference year, 83 coastal Municipalities 
covering a planted surface of 916 327 ha applied 280 tons of HHP. In addition to presenting the assessment 
of the quantity of agrochemicals used in Mexican coastal areas, some simple indicators were built considering 
the level of toxicity of the type of HHP used, the mean distance from the county to the sea, and the rain 
regime in each region -as a potential element of conduction of pollutants to the sea-.  Using the indicator that 
include the mean distance to the sea, the highest level of potential coastal pollution occurs in the states of 
Sonora, Tamaulipas and Chiapas in which 11 counties uses in their crops HHP. Considering also the HHP level 
of toxicity, Tamaulipas and Sonora appear as the states with highest levels of potential coastal pollution and 
finally, when the rain is included, Chiapas and Colima States appear as the states where agricultural activities 
are potentially the most damaging to the coastal and marine environment. These simple calculations could 
help Mexican authorities to establish protective measures again the pollution of coastal areas through 
strongest regulations and integrated management programs.
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Facing the issues of the energy crisis, the declining fossil fuel resources and increasing demands of energy 
sources urge people to put their eyes on new renewable energy. In recent years, many densely populated 
coastal cities begin to take their environmental advantages to exploit oceanic energy, such as wave energy, 
tidal energy, and salinity gradient energy, etc. Thereinto, wave energy is considered as the most potential 
resource for exploitation with high power density, no environmental impact, and relatively low cost. The 
Great Bay Area (GBA), one of the most rapidly developing regions in China, with a growing number of 
industries and immigrants, is also suffering from the energy shortage. To this end, exploiting wave energy 
within the GBA could be a way to mitigate the energy tension in this region. However, the efficiency of wave 
energy exploitation firmly depends on the deployment of wave energy converters (WEC). Therefore, it is 
essential to clearly characterize the temporal-spatial distribution of wave energy. In this study, we use the 
third-generation wave model – SWAN to assess the wave potential within the GBA. The outcome is expected 
to provide guidance for wave energy utilization in this area.
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Coastal and riverine waters can be impaired in many ways. One of the main contaminants of waters used for 
drinking, aquaculture and recreation is pathogenic microbes. Pathogens in bathing water concerns water 
engineers and environmental managers because it could cause health issues to people who are using the 
bathing water sites. Faecal Indicator Organisms (FIOs), which indicate the presence of faecal pathogens, have 
been used to define the legal compliance status of bathing waters in the European revised Bathing Water 
Directive (rBWD) 2006/7/EC. Measuring FIOs in water samples, while provides data for beach legal 
compliance status, does not give sufficient spatial-temporal information required for bathing water quality 
management and decision making. While data-driven models provide computationally fast water quality 
forecasts as well as key explanatory variable identification, the models do not provide information on the 
main contaminant sources for a particular bathing water site. Hydro-environmental models can be used to 
identify connectivity between contaminant sources and receptors, e.g. identifying significance of Waste 
Water Treatment Works or agricultural lands on bathing water and aquaculture sites. Source-receptor 
connectivity describes causal relationships between sources and receptors and allows water quality 
improvement measures to be targeted at major sources. This research implements hydrodynamic models to 
identify the connectivity between bacteria sources and bathing water sites located around Swansea Bay, 
located on the North of the Bristol Channel on the Southwest of the UK. Swansea Bay is selected as the case 
study due to large number of sources, i.e. 85 different sources, including surface water and waste water 
treatment work discharges, which were sampled at 15 minute intervals over the bathing season (May - 
September). Selection of data rich case study with various sources provided the opportunity of rigorous model 
validation and testing. 
 The hydrodynamic modelling is conducted with a finite-element opensource hydrodynamic solver 
TELEMAC. The solver has been successfully applied in a wide range of waterbodies including Loughor Estuary, 
UK and the beaches of Anglet, France. Tracer bacteria are released at the key sources such as river inputs.  
Numerical results are compared to available field data to validate the models and evaluate the factors 
governing bacterial transport. The connectivity between the main receptors, i.e. bathing water sites, and 
various sources is identified. This knowledge helps management of the bathing water sites to maintain low 
level of contaminants on those sites. This study is a part of the EERES4WATER project, which develops the 
technology and management strategies to overcome the Energy-Water nexus challenges. 
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Water quality is an important factor for public health and aquatic life, and it has become an increasingly 
important problem due to the growth of the population, urban expansion, and development. For this reason, 
the evaluation of surface water quality is an important issue for countries. Water quality indexing is widely 
used to present complex water quality data in a more comprehensible form and provides decision-makers 
and non-technical managers of water resources with concise information about water quality status. In this 
study, the water quality is determined based on the water quality monitoring data obtained from the Koçarlı 
Bridge gauging station in the B. Menderes River for the 9 years period between 2006 and 2014. The main 
pollutants in this region, with parameters exceeding border limit values PH were found to be Sulphate (SO4), 
Nitrate (NO3), Ammonia (NH4), Nitrite (NO2), Phosphate (PO4), Electrical Conductivity (EC), Total Dissolved 
Solids (TDS) Calcium (CA), Magnesium (MG), Sodium (Na), Potassium (K) and Bacteriological Parameters (E-
coli, F-Strp, and Total Coli). In addition, five different WQI performances are compared so that the data can 
be easily interpreted. The methods used were the weighted arithmetic index (WAI-WQI) Environmental 
Water Quality Index (CCME-WQI) Canadian Council of Canada (CCME-WQI), Universal Water Quality Index 
(UWQI), Oregon Water Quality Index (OWQI), and Aquatic Toxicity Index (ATI). The applicability of different 
methodologies is discussed, and significant inconsistencies were observed between the classification results.  


