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1. Program 
The SEDIMARE “3rd Training School” was organized by Fundación Instituto de Hidráulica 
Ambiental de Cantabria (FIHAC)1, in Santander (Spain), on 11-13 March 2025. Local 
organizers were Prof. Javier López Lara and Silvia Fernández Rodicio (EU Projects 
Department). The event was attended in person by all DCs, with the exception of DC Van Thi 
To Nguyen, who was conducting her experiments in Aberdeen during that time. 
 
The SEDIMARE meeting consisted of: 
- PROJECT REVIEW & SCIENTIFIC EXCHANGE MEETING 

 PhD progress presentations 
 Supervisory Board meeting 

- TRAINING SCHOOL 
o This training school will consist of seminars with topics related to “effective 

monitoring techniques”, “building adaptive capacity for resilient coast” and “coastal 
zone management - examples and best practices” 

 

Day 1 – Tuesday 11 March 
Morning  

8:45 Walk-in 

9:00-9:30 Welcome by PI Javier López Lara (IHCantabria) 

9:30-10:30 KEYNOTE 1 – “Shoreline Evolution Modeling” by Camilo Jaramillo 
(IHCantabria) 

10:30 Coffee Break 

11:00-13:05 DCs presentations (15 min presentation + 10 min discussion) 

 11:00-11:25 DC Buckle Subbiah Elavazhagan 

 11:25-11:50 DC Jowi Miranda 

 11:50-12:15 DC Nasim Soori 

 12:15-12:40 DC Nishchay Tiwari 

 12:40-13:05 DC Muhammed Said Parlak 

13:05 Lunch  

Afternoon 
14:00-15:00 Presentation of “COMMONCOAST: A common coast to cherish – capping climate 
change” by Jara Martínez (IHCantabria) 

15:00-15:15 Presentation of SEDIMARE LinkedIn page by DC Jowi Miranda  

15:15-16:15 Supervisory Board meeting 

Evening 
20:00 Project social dinner – Restaurante ABRA Sardinero (Plaza Brisas, 1, Santander) 

 

 
1 Also known as “IHCantabria”. 
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Day 2 – Wednesday 12 March 
Morning  

8:45 Walk-in 

9:00-10:00 KEYNOTE 2 – “Sediment transport in vegetated ecosystems” by María Maza 
(IHCantabria) 

10:00 Coffee Break 

10:30-12:00 DCs presentations (15 min presentation + 10 min discussion) 

10:30-10:55 DC Van Thi To Nguyen (online) 

 10:55-11:20 DC Siyuan Wang 

 11:20-11:45 DC Eloah Rosas 

12:00-13:00 Interactive session with FIHAC PhD students by Andrea Costales, Lucas de 
Freitas and Arnau García (IHCantabria) 

13:00 Lunch 

Afternoon 
14:00-14:45 Presentation of IHCantabria and visit to its facilities by Javier López Lara 
(IHCantabria) 

14:45-15:55 Practical issues regarding the field trip on Day 3 by Silvia Fernández 
(IHCantabria) 

15:55-16:30 DCs presentations (15 min presentation + 10 min discussion) 

 15:55-15:20 DC Saeed Osouli 

15:20-15:45 DC Ioannis Gerasimos Tsipas 

15:45-16:05 DC Quan Nguyen 

16:05-16:30 DC Evangelos Petridis 

 16:30 End of the SEDIMARE 3rd Training School 

 
Day 3 – Thursday 13 March 
Morning 

11:30-14:15 Field trip by Camilo Jaramillo (IHCantabria) – El Puntal, Somo and Loredo 
(Cantabria) 
Meeting point: Palacete del Embarcadero (Calle Muelle de Calderón, 0, Santander) 
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2. Presentations 
The theme of the 3rd Network Training School was “Advanced Integrated Coastal Zone 
Monitoring and Management”. 
The keynote presentations by invited speakers, as well as the presentations of all the DCs, are 
shown in the next pages. 
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“Shoreline Evolution Modeling” 
(Invited Speaker Camilo Jaramillo, IHCantabria) 
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Cartagena de Indias, Colombia

• Many coastal inhabitants → More than 66% of the 
global population lives within 100 km of coastlines 
(Biausque et al., 2016).

MOTIVATION

Somo, Spain

Santander, Spain

• Sandy beaches are facing erosion and accretion
→ Mentaschi et al. (2018) made a global shoreline 

variability analysis. They found that the overall surface 
of eroded land is about twice the surface of gained 
land.

→ Luijendijk et al., (2018) estimated that 24% of the 
world’s sandy beaches are eroding at rates exceeding 
0.5 m/yr

• From climate change 
• Sea level rise → Church et al. (2013).

• Increase in storm intensity and frequency 
→ Reguero et al. (2019) found an increase in 
global wave power as a consequence of oceanic 
warming.

1 2 3 4 5 Introduction
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Cartagena de Indias, Colombia

• Many coastal inhabitants → More than 66% of the 
global population lives within 100 km of coastlines 
(Biausque et al., 2016).

MOTIVATION

• Sandy beaches are facing erosion and accretion
→ Mentaschi et al. (2018) made a global shoreline 

variability analysis. They found that the overall surface 
of eroded land is about twice the surface of gained 
land.

→ Luijendijk et al., (2018) estimated that 24% of the 
world’s sandy beaches are eroding at rates exceeding 
0.5 m/yr

• From climate change 
• Sea level rise → Church et al. (2013).

• Increase in storm intensity and frequency 
→ Reguero et al. (2019) found an increase in 
global wave power as a consequence of oceanic 
warming.

1 2 3 4 5 Introduction

Gold Coast, Australia (2025)Took from BBC

Santander, Spain
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1 2 3 4 5 Introduction
Coastal management

and planningCoastal protection

Public policy Habitat
protection

Climate change
impacts

Disaster risk
reduction

Need to predict
coastal changes
and variability

Need for
accurate
shoreline
modeling
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Three-dimensionality of the processes

Complex phenomenon

Beaches

Planform
“Longshore”

Profile
“Cross-shore”

Both the beach 
profile and the 
planform are 

linked

The shoreline variability is a 
reliable indicator to describe 
the global beach change at 

different spatial-temporal scales
(Smith and Bryan, 2007).

1 2 3 4 5 Introduction
Erosion

Accretion

Modified from DSAS manual

?

Knowing the shoreline evolution
Estimate erosion 
trends

Regulate coastal 
development

Design protection 
works

We need to know:

DATA

…

1.¿Where the shoreline has been?
2. ¿Where it will be?
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Da
ta

 A
va

ila
bi

lit
y

Process knowledge

Data driven Semi-empirical 
(data-driven)

Reduced-
complexity

Process-based

Increase simplicity, stability, computa�onal efficiency

Increase applica�on range, decrease data-dependency
Colorscale

Modified from Hunt et al. 2023

1 2 3 4 5 Introduction
Shoreline modeling

Waves

Currents

Transport

Beach response

Waves

TransportBeach 
response

Waves Beach
response

Short- to mid-term

Short- to long-term

Short- to long-term

Process-based

Reduced-complexity

Data driven
Semi-empirical
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Vitousek et al., 2017;
Robinet et al., 2018; 

Antolínez et al. 2019; …

Combined models

→ The shoreline variability has been estimated through multiple evolution models

Miller and Dean, 2004; 
Yates et al., 2009; 

Davidson et al., 2013; 
Castelle et al., 2014;
Jara et al., 2015; …

Equilibrium shoreline 
evolution models

Pelnard-Considere, 1956; 
Hanson and Kraus, 1991; 
Dabees and Kamphuis, 

1998; …

One-line shoreline 
models

Bakker, 1970;
Perlin and Dean, 1979; 

1983; Hanson and 
Larson, 2000; …

…

Multiline shoreline 
models

)𝑑𝑑𝑑𝑑′(𝑡𝑡
𝑑𝑑𝑡𝑡 = K′ � ∆𝑑𝑑′

f(wave conditions/ beach morphology)

Disequilibrium between current conditions 
and a theoretical equilibrium

∆𝑑𝑑′ = 𝑑𝑑′ − 𝑑𝑑′𝑒𝑒𝑒𝑒 t1

X’

X´1

t

X´eq

de Vriend et al. 1993; 
Nicholson et al. 1997; 
Lesser et al. 2004; ...

3D models

1 2 3 4 5 Introduction
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PhD thesis1 2 3 4 5

Embayed
beaches

≈50%
Inman y Norstrom (1971)

Tomado de www.parquetayrona.com 

BEACH EVOLUTION MODEL CONSIDERING 
PLANFORM AND PROFILE IN  THE MEDIUM TO 

LONG TERM SCALES

Ca m i l o  J a r a m i l l o  Ca r d o n a
2 0 2 0
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Cross-shore migration

Beach rotation Beach breathing

Wright et al. 
(1985)

Miller and 
Dean (2004)

Davidson and 
Turner (2009)

Long and 
Plant (2012)

Castelle et al. 
(2014)

Jara et al. 
(2015)

Kriebel and 
Dean (1993)

Yates et al. 
(2009)

Davidson et al. 
(2010)

Davidson et 
al. (2013)

Splinter et al. 
(2014)

Jaramillo et al. 
(2020)

Equilibrium-based shoreline evolution models

Turki et al. 
(2013)

Blossier et al. 
(2017)

Blossier et al. 
(2015)

Equilibrium condition
Jara et al. (2018)

Through a function of the shoreline position

Through a weighted average of the preceding conditions

N/A
Ratliff and 

Murray (2014)

Other models (morphological parameters)
Madsen and Plant. (2001)  Beach slope

Ludka et al. (2015)  Beach profile state
Prodger et al. (2016)  Sediment grain size
Blossier et al. (2017)  Barline

Jaramillo et al. 
(2021a)

PhD thesis

Combined or hybrid models

Cross-shore + longshore
Vitousek et al. 

(2017)
Antolínez et al. 

(2019) 
Jaramillo et al. 

(2021b)
de Santiago 
et al. (2021)

Robinet et al. 
(2018)

Tran and 
Barthélemy, (2020)

Alvarez-Cuesta 
et al. (2021a,b)

Abdelhady and 
Troy, (2023)

1 2 3 4 5
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Nova Icaria Beach, Spain

Campo Poseidón beach profile, Spain

Tairua Beach, New Zealand

Narrabeen Beach, Australia

Study sites

Microtidal
Length: 400m
𝐷𝐷50: 0.43mm

Mesotidal
𝐷𝐷50: 0.3mm

Microtidal
Length: 1200m
𝐷𝐷50: 0.45mm
Microtidal
Length: 3600m
𝐷𝐷50: 0.30mm

PhD thesis1 2 3 4 5
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Yates et al. (2009)

)𝝏𝝏𝝏𝝏(𝒕𝒕
𝛛𝛛𝒕𝒕

= 𝑪𝑪± � 𝑬𝑬 �𝟏𝟏 𝟐𝟐 𝑬𝑬 − 𝑬𝑬𝒆𝒆𝒆𝒆

Equilibrium cross-shore shoreline evolution model

𝝏𝝏𝒆𝒆𝒆𝒆 =
𝑬𝑬 − 𝒃𝒃
𝒂𝒂

/ Jaramillo et al. (2020)a

+ 𝒗𝒗𝒍𝒍𝒕𝒕 ∗ 𝒕𝒕

“YA09 model” 

Model parameters (a, b, 𝐶𝐶± and 𝑣𝑣𝑙𝑙𝑙𝑙) 

V1 V2
V1 < V2

Accretion

Erosion HYPOTHESIS

• The shoreline variability responds mainly to
the magnitude of the incident energy.

• The model is applicable to beaches that are
subject to net sediment gain or loss.

• The parameters C+/- remain constant during
the simulation.

• The model does not include an additional term
for tidal range. However, as recommended by
Castelle et al. (2014), in meso- / macrotidal
environments it is preferable to evaluate a high
contour of the beach profile, to avoid rising bar
and berm dynamics.

PhD thesis1 2 3 4 5
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Campo 
Poseidón 

beach profile

LOCATION OF SELECTED STUDY SITES

Nova Icaria
Beach

PhD thesis1 2 3 4 5
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Equilibrium cross-shore shoreline evolution model

Nova Icaria Beach, Spain
Microtidal
Length: 400m
𝐷𝐷50: 0.43mm

Campo Poseidón beach profile, Spain
Mesotidal
𝐷𝐷50: 0.43mm

PhD thesis1 2 3 4 5
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An equilibrium-based shoreline rotation model

)𝒅𝒅𝜶𝜶𝒔𝒔(𝒕𝒕
𝒅𝒅𝒕𝒕

= 𝑳𝑳±𝑷𝑷∆𝜶𝜶𝒔𝒔 𝜽𝜽

𝜶𝜶𝒔𝒔 𝒕𝒕 = 𝜶𝜶𝒔𝒔𝟎𝟎 − 𝜶𝜶𝒔𝒔𝒆𝒆𝒆𝒆 𝒆𝒆−𝑳𝑳±𝑷𝑷𝒕𝒕 + 𝜶𝜶𝒔𝒔𝒆𝒆𝒆𝒆

Relationship (< 𝜃𝜃 > - 𝛼𝛼𝑠𝑠):
“Equilibrium Wave Direction 

Function, EWDF”

𝛼𝛼𝑠𝑠𝑒𝑒𝑒𝑒 =
𝜃𝜃 − 𝑏𝑏
𝑎𝑎

∆𝛼𝛼𝑠𝑠 𝜃𝜃 = 𝛼𝛼𝑠𝑠 − 𝛼𝛼𝑠𝑠𝑒𝑒𝑒𝑒

αs(t): shoreline orientation (°) at the time “t”
P: incident wave power (m2s) P= Hs2 ∙Tp
L±: proportionality constants (m-2s-2) L+ (clockwise rotation) y L- (counterclockwise rotation)
∆𝛼𝛼𝑠𝑠 𝜃𝜃 : shoreline orientation disequilibrium

HYPOTHESIS

• The beach rotation is assumed to be isolated
from other beach movements.

• The beach rotation mainly depends on the
energy and the directionality of the incident
waves.

• A single wave point is assumed as model
forcing.

• The model does not account for short-scale
processes (e.g. cusps, rips, etc.).

• The model does not explicitly include any
additional parameter related to the tidal range.

PhD thesis1 2 3 4 5
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Tairua BeachNarrabeen 
Beach

LOCATION OF SELECTED STUDY SITES

Overall

Summer

Winter

Playa de Tairua

Overall

Swmmer

Winter

PhD thesis1 2 3 4 5
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Narrabeen Beach, Australia
Microtidal
Length: 3600m
𝐷𝐷50: 0.30mm

Tairua Beach
~ 15 years

An equilibrium-based shoreline rotation model

Narrabeen Beach
37 years

Tairua Beach, NZ
Microtidal
Length: 1200m
𝐷𝐷50: 0.45mm

PhD thesis1 2 3 4 5
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HYPOTHESIS
• The beach profile and beach planform 
tend to have an equilibrium shape

• The beach profile and beach planform 
are linked 

APPLICABILITY
• Embayed beaches with parabolic 
shape

LIMITATIONS
• It is not considered beach 
breathing

• Others

INTEGRATIONMOdel Of Shoreline Evolution
(IH-MOOSE)

+ Jaramillo et al. (2021a) Yates et al. (2009) / Jaramillo et al. (2020) + Hsu and Evans (1989)

PhD thesis1 2 3 4 5
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Narrabeen Beach
37 years

X = 2829.69 m

1943

●

X = 2851.44 m

2011

●

X = 2822.29 m

2015

●

X = 2810.02 m

2016

●

PhD thesis1 2 3 4 5
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01

We proposed an extension 
of a cross-shore shoreline 

evolution model
considering the time 

variation of the equilibrium 
energy function (sediment 

gain / loss).
• The model has been 

successfully applied in 
Nova Icaria Beach an 
Campo Poseidón beach 
profile.

Cross-shore model

02

Rotation model

We proposed a new 
equilibrium-based 
empirical shoreline 

rotation model assuming 
that rotation movement is 
induced by the incoming 

wave energy and 
direction.

• The model has been 
successfully applied in 
Tairua Beach and 
Narrabeen Beach.

03

Integrated model
We proposed a new shoreline 
evolution model for embayed 

beaches based on cross-shore, 
planform and rotation 

equilibrium models. From a 
single monitoring beach profile, 
the model is able to obtain the 
evolution of the entire beach 

coastline.
• The model has been 

successfully applied in 
Narrabeen Beach.

Cross-shore Longshore

Integration

PhD thesis1 2 3 4 5
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Shoreshop 1 (2018)

Montaño et al. (2020)
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Montaño et al. (2020)

Main conclusions:

• Traditional and ML models predict seasonal 
shoreline changes but struggle with extreme 
events.

• Forecasting accuracy decreases in unseen data 
(2014–2017), especially for ML models.

• Model ensembles improve predictions by 
reducing uncertainties.

• Long-term shoreline forecasts remain highly 
uncertain due to missing physical processes 
(SLR, surges, longshore, etc.).

• Data-sharing and coordinated research 
enhance shoreline evolution modeling.
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• ShoreFor - (Davidson et al., 2013; Splinter et al., 2014)

• CoSMoS-COAST - (Vitousek et al., 2017, 2023)

• COCOONED - (Antolínez et al., 2019)

• ShorelineEvol - (de Santiago et al., 2021)

• IH-MOOSE - (Jaramillo et al., 2021)

Repina et al. (2025)



10
 a

ño
s d

e 
I+

D+
ip

a
ra

 u
n 

d
es

a
rro

llo
 so

st
en

ib
le

Sh
or

el
in

e 
ev

ol
ut

io
n 

m
od

el
in

g 
–

Ca
m

ilo
 Ja

ra
m

ill
o 

Ca
rd

on
a

Applications1 2 3 4 5

Repina et al. (2025)

Main conclusions:

• Five shoreline change models showed similar 
overall skill in reproducing decadal-scale 
shoreline behavior but had large variability 
between transects.

• One-line (CERC) sub-models were highly 
sensitive to biases in nearshore wave direction 
data, affecting predictions.

• Some key morphodynamic processes were 
captured by model parameters rather than 
explicitly represented in the models.

• Site-specific adjustments and general 
improvements are needed for better model 
performance in long-term shoreline evolution.

• Time-varying parameters or changes in model 
structure may be necessary for reliable 
decadal-scale simulations.
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Benchmarking shoreline prediction models over multi-decadal timescales
Yongjing Mao1*, Kristen D. Splinter1, Giovanni Coco2, Sean Vitousek3, Jose A. A. Antolinez4, Georgios

Azorakos5, Masayuki Banno6, Clément Bouvier7, Karin Bryan2, Laura Cagigal8, Kit Calcraft1, Bruno

Castelle5, Xinyu Chen9, Maurizio D'Anna2,10, Lucas de Freitas Pereira11, Iñaki de Santiago12, Aditya N.

Deshmukh1, Bixuan Dong1, Ahmed Elghandour13, Amirmahdi Gohari2, Eduardo Gomez-de la Peña2,

Mitchell D. Harley1, Michael Ibrahim14, Déborah Idier15, Camilo Jaramillo Cardona11, Changbin Lim11,

Ivana Mingo5, Julian O'Grady16, Daniel Pais17, 18, Oxana Repina19, Arthur Robinet7, Dano Roelvink4, 13,

20, Joshua Simmons21, Erdinc Sogut22, and Katie Wilson1

Shoreshop 2 (2024)

Mao et al. (2025) - submitted
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Mao et al. (2025) - submitted

Main conclusions:

• The best-performing models accurately 
captured seasonal, interannual, and extreme 
shoreline variations.

• Hybrid and data-driven models performed 
similarly, excelling in different areas.

• Long-term predictions remain uncertain, 
requiring better sea-level rise modeling.

• Blind testing improved benchmarking but 
struggled with extreme erosion events.

• Future models need higher-resolution data 
and better process integration.
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1 2 3 4 5 IH-SET

Objective: 

Develop the Shoreline Evolution Tools system, IH-SET—a versatile tool designed to enable engineers and coastal managers to conduct morphodynamic 
studies at varying spatial and temporal scales. This system can be applied within the context of project development or the assessment of a beach as a distinct 
physiographic unit.

Motivation

The Coastal Group at IHCantabria has spent years 
researching new proposals for morphodynamic models. 
Two primary needs have emerged that require attention:

1) The creation of a unified system for shoreline 
morphodynamic models, enabling users to select and 
implement the most suitable methodology quickly 
based on the project's scope and goals.

2) Increased research efforts to develop a shoreline 
evolution model that integrates cross-shore and 
longshore processes while ensuring sediment 
conservation.
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1 2 3 4 5 IH-SET

Models developed by the Coastal Management and Engineering Group of IHCantabria

Contents - IH-SET
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Ana M. Bernabeu Tello
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1 2 3 4 5 IH-SET
Maria Soledad Requejo 
Landeira
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1 2 3 4 5 IH-SET
Mauricio González 
Rodríguez

Raúl Medina 
Santamaría 

González and Medina (2001) proposed the
methodology for estimating the location of the
down-coast limit distance R_o from the control 
point as a function of αmin(=90°−β)
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Ahmed Ibrahim 
Abdelmagid Elshinnaway
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1 2 3 4 5 IH-SET
June Gainza 
Thalamas

Gainza et al. (2018) proposed a process-based shape equation that is able to overcome 
the limitations that current models present and estimate the static equilibrium shoreline 
of complex bathymetry beaches. The equation is based on the hypothesis that a pocket 
beach gets its static equilibrium planform when the mean surf-zone longshore velocity 
averaged over a period of time is null  in every point along the beach.
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1 2 3 4 5 IH-SET
Imen Turki

Turki et al. (2013) proposed a shoreline evolution model for predicting the shoreline rotation 
considering that the shoreline response rate can be expressed as proportional to the 
difference between the instantaneous position and the equilibrium rotation.
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1 2 3 4 5 IH-SET
Jara Martínez 
Sánchez
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Camilo Jaramillo 
Cardona
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1 2 3 4 5 IH-SET
Erica Pellón de Pablo

CHRONOS MODEL
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1 2 3 4 5 IH-SET

Lucas de Freitas Pereira
Modeling shoreline evolution on medium- to long-term scales integrating longshore and cross-shore processes

PhD: 12/2022 - 2026

Mayowa Abdusalam
Forecasting the shoreline rotation variability at different beaches around the world

MSc: 01/2024 – 08/2024

Estefanía Giraldo 
Validación de modelos de evolución de costa en playas del litoral valenciano

MSc: 04/2024 – 09/2024

Carlos Muñoz Toaboaba
Modelo de evolución de línea de costa IH-MOOSE considerando distintos enfoques de transporte de sedimentos

MSc: 04/2024 – 09/2024

Research under development within the project:
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Research under development within the project:
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Research under development within the project:
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Research under development within the project:
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Research under development within the project:

El Sardinero 1 El Sardinero 2

Nov 2024
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Global Equilibrium Shoreline Evolution Models (GESEM) network 
to predict medium to long-term beach change

info@gesemnetwork.com
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Who? What?

• GESEM aims at improving the predictability of shoreline 
evolution models and will focus on investigating key 
physical processes governing beach evolution across a 
range of spatial and temporal scales.

17 October 2022
Initial call to join the GESEM network

The GESEM (Global Equilibrium Shoreline Evolution Models) 
network 

Who?
Brings together coastal engineers and scientists with 
expertise in beach morphodynamics to research 
shoreline evolution models

What?

• GESEM will employ diverse datasets, as well as 
numerical, statistical, and machine-learning approaches 
to address the challenge of predicting past and future 
shoreline evolution.
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GESEM1 2 3 4 5

Sebastián Solari
Laura Cagigal

Francesco De Leo

Mitchell Harley
Jon Miller

Kristen Splinter

Mauricio González
Camilo Jaramillo

Masayuki Banno
Raimundo Ibaceta

E. Eduardo Gómez
Floris Calkoen

Marissa Yates
Anna Wargula

Bruno Castelle
Emily Hunt

Maurizio D’Anna
Oxana Repina

Caroline HallinMauricio Molina Pereira 
Legna Torres-Garcia

Sungwon Shin
Thalles Araujo

Joseph Long

Tae Soon
Kang

Mainak
Chakraborty

Aline Pieterse

December 8, 2022 30 Researchers

13 Countries

21 Institutions
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Why GESEM?

GESEM - towards integrating, standardizing, and harmonizing work on shoreline evolution modeling

Understand the diverse forcing 
conditions that shape the 

beach change

Promote standards and 
validated tools for shoreline 

evolution modeling 

Bring a new generation of shoreline 
evolution models

Foster global coastal 
engineering community for 
improved beach 
understanding.

Enhance capacity of practitioners 
and stakeholders through targeted 
training
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GESEM objectives

Mutualize efforts testing and 
improving the ability of models 

to predict shoreline changes

Integrate cross-shore and longshore 
processes, preserving the sediment 

budget and considering climate 
change impacts

Develop robust methods and models

Predict future shoreline 
evolution integrating different 
spatial scales from local to 
regional scales

Share standardized, open-source 
tools, guidelines, and practices

Provide effective tools of coastal 
evolution, useful for different applications 
(e.g., beach nourishment, coastal 
adaptation plans) accessible to engineers 
and stakeholders

Disseminate results



10
 a

ño
s d

e 
I+

D+
ip

a
ra

 u
n 

d
es

a
rro

llo
 so

st
en

ib
le

Sh
or

el
in

e 
ev

ol
ut

io
n 

m
od

el
in

g 
–

Ca
m

ilo
 Ja

ra
m

ill
o 

Ca
rd

on
a

GESEM1 2 3 4 5

CORE GROUP

Camilo Jaramillo Cardona
IHCantabria

Lucas de Freitas Pereira
IHCantabria

Mauricio González Rodríguez
IHCantabria

Raúl Medina Santamaría
IHCantabria

Marissa Yates
Ecole des Ponts / Saint-Venant 

Hydraulics Laboratory

Imen Turki
University of Rouen

Giovanni Coco
University of Auckland

Kristen Splinter
University of New South 

Wales, UNSW

Mitchell Dean Harley
University of New South 

Wales, UNSW

Sean Vitousek
Pacific Coastal and Marine 

Science Center, USGS

Nicolas Le Dantec
Université de Bretagne

Occidentale

José A. Álvarez Antolínez
Delft University of 

Technology
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GESEM status

0 5 10 15 20

0-5

5-10

10-20

20-30

30-40

>40

# RESEARCHERS

H-
IN

DE
X

80 Researchers

16 Countries

56 Institutions 89% 11%

AUSTRALIA
BELGIUM

ENGLAND

FRANCE

GREECE

ITALY

JAPAN

MAYOTTE 
(FRANCE)NETHERLANDS

NEW ZEALAND
POLANDPORTUGAL

REUNION 
ISLAND 

(FRANCE)

SOUTH KOREA

SPAIN

TURKEY

UNITED STATES
URUGUAY
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Activities

Special session: ‘Shoreline Evolution Modeling’

Session Details:

Conveners: Camilo Jaramillo Cardona, E. Imen Turki, Jose A. Á.
Antolínez, Marissa Yates, Nicolas Le Dantec

Abstract Submission Dates: From 01/03/2024 to 30/06/2024

10th Coastal Dynamics Conference Dates: 7th – 11th April 2025

Location: Aveiro, Portugal

Special issue: Assessment of Multi-scale Coastal Evolution in a 
Changing Climate: from Observation to Modelling

A special issue of Journal of Marine Science and Engineering (ISSN 
2077-1312). This special issue belongs to the section "Coastal 
Engineering".

Deadline for manuscript submissions: 31 December 2024

Special Issue Editors:
Dr. E. Imen Turki
Dr. Marissa Yates
Dr. Camilo Jaramillo Cardona
Dr. Nicolas Le Dantec

- 18 oral presentations (divided into 3 sessions)
- 7 posters
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CAMILO JARAMILLO CARDONA

M a r c h ,  2 0 2 5  

THANKS FOR YOUR ATTENTION

http://www.ihcantabria.com

@ihcantabria

camilo.jaramillo@unican.es / ihset@ihcantabria.com /info@gesemnetwork.com



SEDIMARE – 101072443 – D4.3: 2nd NETWORK TRAINING SCHOOL 

 
 
 

“COMMONCOAST: A common coast to cherish – capping climate change” 
(Invited Speaker Jara Martínez, IHCantabria) 

  



This project is funded by the European Union via the 
Technical Support Instrument and implemented by EUCC in collaboration with its experts, 

in cooperation with the European Commission

“COMMONCOAST: 
A common coast to cherish – capping climate change

in MALTA”

Dr. Jara Martínez
11th March 2025

Let’s close the risk information gap!



This project is funded by the European Union via the 
Technical Support Instrument and implemented by EUCC in collaboration with its experts, 

in cooperation with the European Commission

DRR and CCA
Thought Leadership Course - Synergizing Disaster Risk Reduction and 

Climate Change Adaptation | UNSSC | United Nations System Staff College
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DRR and CCA in Coastal Areas
• International works since 2007: Oman, Qatar, Egypt, Tunisia, Gabon, Belize, Bahamas, Peru, Uruguay…
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DRR and CCA in Coastal Areas
• International works since 2007: Oman, Qatar, Egypt, Tunisia, Gabon, Belize, Bahamas, Peru, Uruguay…
• Request from European countries since 2019: 4 regional and 2 national strategies – Spain and Malta



This project is funded by the European Union via the 
Technical Support Instrument and implemented by EUCC in collaboration with its experts, 

in cooperation with the European Commission

The Maltese Islands

The world’s 10th-smallest country 
and the 9th most densely populated
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Coastal erosion and flooding hazards in Malta



This project is funded by the European Union via the 
Technical Support Instrument and implemented by EUCC in collaboration with its experts, 

in cooperation with the European Commission

From Coastal-COVER (2022-2023)
• Coastal-Climate Overall Vulnerability and Exposure Risk

to Climate-MATCH (2024-2025)
• Mainstreaming of Climate Adaptation for Horizontal Coordination

“COMMONCOAST: 
A common coast to cherish – capping climate change

in MALTA”

PUBLIC CLEANLINESS
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Stakeholder Engagement & CommunicationCONSULTATION CONSULTATION FactsheetsPlan

Physical Assessment & 
Integrative coastal erosion 

and flooding risk assessment

YEAR 1 - Diagnosis YEAR 2 - Development of the strategy

Proposals of suitable coastal 
protection measures 

Methodology for the selection 
of the courses of action

Strategy 
for coastal 
protection 

and 
adaptation 
to climate 

change 
in the 

Maltese 
Islands

Baseline 
data & 

information

Perception of  
risks, key 
issues & 
hotspots

Design & 
development of 

the National 
Coastal 

Protection 
Strategy 

EU practical 
experiences 

in coastal 
protection & 

beach 
management 

plans

Governance 
Analysis

Project 1. Coastal-COVER (2022-2023)
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CAPPING 
PRISM

CHeriSH

Vulnerabilities

PRISM 
~ Preparation towards Risk Interdisciplinary 

Surveillance and Management in Coastal areas ~ 

CAPPING
~Climate Adaptation in Policy and 

Planning with integrated governance and 
knowledge~ 

CHERISH
~Coastal Heritage and Safeguards against 

Hazards~ 

Disaster Risk

Reduction and 

Risk Management

Project 2. Climate-MATCH (2024-2025)

Risk information > Risk managment
through a model for multi-layered 

data integration into a central hub for 
interinstitutional data sharing

PUBLIC CLEANLINESS
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Contents
1. Background Analysis

• Data gathering process and baseline data
• Coastal Hydro-morphodynamics

2. Coastal Risk Assessment

3. Integrative Risk Assessment

4. Risk Information Hub
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1. Background Analysis

Pre-existing segmentation of the coastal area
Physical geography
Marine climate

Sea wind
Waves
Astronomical tide
Storm surge
Climate change projections

Hydrology
Geology

Geomorphology
Erosion evidence
Protected natural areas
Land cover
Uses of coastal areas

Urban areas and buildings
Tourism sector
Cultural, ethnographic and heritage
Critical infrastructures

Permanent population

• Baseline information
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• Public Works Department 
• Malta Tourism Authority
• Continental Shelf 

Department
• Ministry for Gozo
• Superintendence of 

Cultural Heritage

• Transport Malta
• Planning Authority
• ​​​​​​​​​Ministry for the Environment, 

Energy and Enterprise
• National Statistics Office
• ADI Associates
• Ministry for the National 

Heritage, the Arts and Local 
Government

• Project Green
• University of Malta
• ​​​​​​​​​Infrastructure Malta
• National Statistics Office
• Environment and Resources 

Agency
• Participants in 

Consultation

• Data gathering process 

1. Background Analysis

 16 Local Data Contributors

Participants were provided with a data 
collection form, which divided categorised 
expected inputs into four broad categories
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• Data gathering process
 16 Local Data Contributors
 Challenges

Local data gathering was fruitful but posed 
many challenges including
 Data errors or outdated software suites
 Identical data sets from different 

entities, sometimes with differing 
parameters

 Lack of standardization
 Paperwork delays (information 

management, NDAs)
 Unclear or missing metadata
 Uncertain ownership of data

1. Background Analysis
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 The data gathering process took six months to 
complete (excluding quality control)

 Uncertainties arose during technical appraisal 
and necessitated further inquiry concerning 
certain data sets

 Datasets were inspected and quality control 
flags were assigned

1. Background Analysis

• Data gathering process
 16 Local Data Contributors
 Challenges
 Compilation of data 
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• Data gathering process
 16 Local Data Contributors
 Challenges
 Compilation of data
 Local knowledge gaps 

Examples of missing/incomplete local knowledge

 Caves: No formal dataset denoting all cave systems in Malta.
 Coastline: No agreed upon local  definition for what 

constitutes coastline/shoreline. As such, there is no national 
physical shoreline.

 Coastal heritage: Available heritage data sets often only 
demark location of coastal heritage sites and lack other details.

 2018 DTM: Recent digital terrain model (2018) has insufficient 
vertical resolution to be used for wave modelling. The 
interface between land and sea was done using 2012 data.

 Coastal structures: Structural typology and design parameters 
of the built-up waterfront to characterise their sensitivity  
under wave loads. 

1. Background Analysis
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• Coastal hydro-morphodynamics

1. Background Analysis

 Nearshore wave regime

 Total water level (tide+surge+run-up)
 Wave overtopping discharge
 Wave force
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• Coastal hydro-morphodynamics

1. Background Analysis

 Nearshore wave regime
 Morphological changes in 14 beaches

 Not significant observed change rates (past 
20 years) in most beaches

 Erosion in Armier Bay and Ġnejna Bay
 Accretion in St. George’s Bay – Saint Julian’s

(replenishment since 2004)
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Contents
1. Background Analysis

• Data gathering process and 
• Coastal Hydro-morphodynamics

2. Coastal Risk Assessment
• Framework and scope
• Interpretation of results

3. Integrative Risk Assessment

4. Risk Information Hub
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2. Coastal Risk Assessment

 Beach erosion

 Rocky coast erosion

 Coastal flooding

 Population
 Tourism sector
 Cultural, ethnographic and heritage 
 Critical infrastructures
 Other buildings
 Vehicles
 Coastal structures 
 (built-up waterfront)

H, V & R 
Level

None (0)
Very low 

(>0 and ≤1)
Low 

(>1 and ≤2)
Medium 

(>2 and ≤3)
High 

(>3 and ≤4)
Very high 

(>4 and ≤5)
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2. Coastal Risk Assessment

 Beach erosion, potential for the loss 
of dry beach area

 Observed erosion trend
 Wave power
 Sediment grain size
 Sediment confinement
 Dry beach area
 Beach backshore
 Runoff
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2. Coastal Risk Assessment

 Beach erosion, potential for the loss 
of dry beach area

 Rocky coast erosion, rockfalls, 
landslides and rock mass collapses

 Wave power
 Weathering (wind, runoff)
 Geology
 Fault, subsidence, caves, arcs
 Erosion evidences
 Geometry
 Bare soil

*Different values in the 
frontshore and backshore

*

*

 Coastal 
typologies

*

*
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2. Coastal Risk Assessment

 Beach erosion, potential for the loss 
of dry beach area

 Rocky coast erosion, rockfalls, 
landslides and rock mass collapses

1. Shore platform. 2. Sloping coast.

3. Scree. 4. Cliff with exposed toe.

5. Plunging cliff. 6. Backshore cliff (landward of a beach).

 Coastal 
typologies
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2. Coastal Risk Assessment

 Beach erosion, potential for the loss 
of dry beach area

 Rocky coast erosion, rockfalls, 
landslides and rock mass collapses

 Coastal flooding, addressing the total 
water level rise during storms 
resulting in a quasi-steady inundation, 
the wave overtopping in terms of the 
sea water discharge, and the wave 
force, which refers to the 
hydrodynamic loads of sea waves

Xlendi (Gozo) 2019 
Flood height

Xemxija 2019 
Drag force

St Julians 2016(Sliema) 
Wave loads
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2. Coastal Risk Assessment

 Beach erosion, potential for the loss 
of dry beach area

 Rocky coast erosion, rockfalls, 
landslides and rock mass collapses

 Coastal flooding, addressing the total 
water level rise during storms 
resulting in a quasi-steady inundation, 
the wave overtopping in terms of the 
sea water discharge, and the wave 
force, which refers to the 
hydrodynamic loads of sea waves

 Total Water Level
 Frequency of overtopping events 

exceeding the safety values for 
pedestrians and vehicles

 Wave power at 
the front-shore.
Water excursion 
at the back-shore 

– Flood height
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• Horizon and scenario

2. Coastal Risk Assessment

 Current situation (2022)

 Future horizon year: 2050 + SSP5-8.5 
(0.25 m sea level rise)

 HBE: Reduction of the dry beach area (1 of 7 
indicators)

 HRE: Waves reaching backshore cliffs more often 
(1 of 11 indicators and only in backshore cliffs)

 HTWL: Increased flood height
 HWO: Reduced freeboard, thus increased water 

discharge
 HWF: Waves reaching backshore structures more 

often

Hazard indexes HBE HRE HTWL HWO HWF
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2. Coastal Risk Assessment

Impacts 

Coastal hazard 

Beach 
erosion 

Rocky 
coast 

erosion 

Coastal flooding 
Quasi-
steady 

Wave 
overtopping 

Wave 
force 

Receptors 
at risk 

Population Indirect Direct Indirect Direct  
Tourism sector Indirect Direct Direct   

Cultural, ethnographic 
and heritage   Direct Direct   

Critical infrastructures  Direct Direct   
Other buildings  Direct Direct   

Vehicles    Direct  
Coastal structures  

(built-up waterfront)     Direct 

 

• Target impacts
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• Geographical scope

2. Coastal Risk Assessment

 61 Coastal Units

 417 Coastal Stretches

 Indirect impacts of beach erosion: 
walking distance from the beaches, 
topography, roads, urban fabric

 Special locations: Comino and 
Cominotto, Fort Ricasoli, main ports

 Coastal typology

 Locality boundaries
 Flood prone area
 Erosion evidences
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2. Coastal Risk Assessment

 VBE-POP, indirect impacts to 
the population (use and 
enjoyment of coastal areas)

 VBE-TS, indirect impacts to the 
tourism sector (tourism 
economic activity)

• Beach erosion impacts

 Exposed population: The highest exposure 
in Malta and lowest in Cominotto

 Social value of the beach: Managed by the 
MTA; services, equipment and facilities; 
type of sediment

 Natural value of the beach: Protected 
Beaches managed by the ERA

 Accommodation stock in the Costal Unit: Nº 
of beds

 Tourism infrastructures and services in the 
Coastal Unit: Nº of tourism facilities
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2. Coastal Risk Assessment

 VRE-POP, direct impacts to the 
population (injuries or death)

 VBE-TS, VBE-CEH, VBE-CI, VBE-OB, 
direct impacts to coastal 
assets (damages)

• Rocky coast erosion impacts

 Exposed population: Probability to find an 
attraction (beaches, swimming, diving, 
climbing, mooring zones, view points, 
paths, CEH assets) in any given standard 
section (100 m long) of the Coastal Stretch

 Exposed assets: Probability to find some 
coastal asset in any given standard section 
(100 m long)
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2. Coastal Risk Assessment

 VCF-POP, indirect impacts to the 
population due to the quasi-steady 
coastal flooding (disruption of the 
use of the public space)

 VCF-TS, VCF-CEH, VCF-CI, VCF-OB, direct 
impacts to coastal assets (damages)

 VWO,  direct impacts to the 
population (safety)

 VWF-Str,  direct impacts to coastal 
structures (damages)

• Coastal flooding impacts  Exposed population: Nº of inhabitants of the Coastal 
Unit

 Relevant (continuous and discontinuous urban fabric, 
industrial and commercial units, port areas) and 
accessible (road in it) flooded area (100-year return 
period TWL)

 Exposed assets: Nº of assets in the flooded area

 Exposed population: prevailing land cover class along 
the crest (continuous and discontinuous urban fabric, 
industrial and commercial units, port areas) 

 Exposed vehicles: parking or roads along the crest

 Exposure: Length of structures in the Coastal Stretch
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2. Coastal Risk Assessment

• Coastal flooding impacts
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2. Coastal Risk Assessment

• Coastal flooding impacts
H, V & R 

Level
None (0)
Very low 

(>0 and ≤1)
Low 

(>1 and ≤2)
Medium 

(>2 and ≤3)
High 

(>3 and ≤4)
Very high 

(>4 and ≤5)
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Contents
1. Background Analysis

• Data gathering process and 
• Coastal Hydro-morphodynamics

2. Coastal Risk Assessment
• Framework and scope
• Interpretation of results

3. Integrative Risk Assessment
• Perceptions of risks
• Key issues and hotspots

4. Risk Information Hub
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• Perceptions of risk 
- 2nd Consultation -

3. Integrative Risk Assessment

 Classes of severity and extension of 
perceived hazards o impacts

 Identification of perceived hotspots
 Relative value of receptors at risk

Weights (%) 

Coastal hazard 

Beach 
erosion 

Rocky 
coast 

erosion 

Coastal flooding 
Quasi-
steady 

Wave 
overtopping 

Wave 
force 

Receptors 
at risk 

Population 60 35 - 60  
Tourism sector 40 15 20   

Cultural, ethnographic 
and heritage   20 30   

Critical infrastructures  20 30   
Other buildings  10 20   

Vehicles    40  
Coastal structures  

(built-up waterfront)     - 

 

Perception levels 
Not relevant 

Moderate at a few locations 
Critical / Severe at very few locations 

Moderate everywhere 
Critical / Severe at some locations and moderate elsewhere 

Critical / Severe everywhere 
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• Beach erosion key issues

3. Integrative Risk Assessment

 The impacts of beach erosion 
on the socioeconomic 
environment, with focus on the 
population but also on the 
tourism sector.

 The beach erosion in terms of 
the reduction of the dry beach 
area due to the loss of beach 
sediments.

 The effects of climate change 
on beach erosion, which 
exacerbates the reduction of the 
dry beach area in the long term. 
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MI Severe everywhere
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and moderate elsewhere
Moderate everywhere
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Moderate at a few locations

Not relevant
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• Rocky coast erosion
Key issues

3. Integrative Risk Assessment

 The prediction of rocky coast 
erosion events is still a challenge 
not resolved.

 The impacts of rocky coast 
erosion on the population and 
coastal assets, in terms of 
injuries / death or damages. 

 The public safety, with focus on 
the population but also on the 
critical infrastructures.

 The damages to irreplaceable 
cultural, ethnographic and 
heritage assets, which are critical 
losses for the Maltese society but 
also at a global scale. 

3%

65%3%
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68%
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16%
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• Coastal flooding key issues

3. Integrative Risk Assessment

 The knowledge gap with 
regards to relevant physical 
processes such as local 
rainfall or the milghuba
seiche waves.

 The indirect and direct 
impacts of coastal flooding 
on the population.

 The direct impacts of coastal 
flooding on coastal assets.

 The knowledge gap with 
regards to the sensitivity of 
coastal structures to wave 
force.

6%

36%

13%

26%

19%

RCF-Pop
MI

3%

39%

7%16%

32%

3%

RWO-Pop
MI

Severe everywhere
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• Selection and prioritisation of hotspots

3. Integrative Risk Assessment

 Relevant hazard and risk results
 Perceived hotspots
 Relevant baseline information

Beach erosion Rocky shore 
erosion 

Coastal 
flooding 

Fajtata Sliema 
Balluta St Peters Pool Marsaskala 
Ghajn Tuffieha Munxa Marsalforn 
Ghadira Ghar Lapsi Msida 
Golden Bay - Xlendi 
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Contents
1. Background Analysis

• Data gathering process and 
• Coastal Hydro-morphodynamics

2. Coastal Risk Assessment
• Framework and scope
• Interpretation of results

3. Integrative Risk Assessment
• Perceptions of risks
• Key issues and hotspots

4. Risk Information Hub
• C-COVER
• PRISM 

Geodatabase

C-COVER 
Integrative Coastal

Geodatabase
(2.5 Gb)
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Beach erosion hazard index, 
potential for the loss of dry 

beach area in one Coastal Unit 

 Sediment grain size
 Wave power
 Observed erosion trend
 Sediment confinement
 Dry beach area
 Beach backshore
 Runoff

Combination of 
beach erosion indicators

(expressed in classes)

Input variables

Difference between the 
50% and 95% percentile 

of the wave power

Time series of wave 
parameters from 

the waves onshore

D50 (mm)

Raw data
Sand samples 
granulometry

Hazard classes
None (0)
Very low 

(>0 and ≤1)
Low 

(>1 and ≤2)
Medium 

(>2 and ≤3)
High 

(>3 and ≤4)
Very high 

(>4 and ≤5)

4. Risk Information Hub
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4. Risk Information Hub

PRISM outputs
• Inception report: methods and results

• Content: Risk Assessment Technical Guidelines (Output 1)

• Technology: Risk Information Hub Blueprint (Output 2)

• Governance: Information Management Framework (Output 3)

• Skills: Capacity Building Program (Output 4)

Project 2. Climate-MATCH (2024-2025)

Project 1. Coastal-COVER (2022-2023)
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1. Background Assessment:
• Data needs across different entities
• Local, national and international sources of 

information (EO, citizen science, previous/ongoing 
projects) 

• Data gaps and overlaps
• Key issues and challenges for a cooperative approach

2. Outline of PRISM outputs:
• Clear definition of specific objectives 
• Rough outline of final deliverables

Working methods:
• National PRISM Consultation

1. Online
2. Workshop
3. Interviews

• Synergies between components 
and other on-going projects

4. Risk Information Hub PRISM Inception
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 Refinement of answers 
from online survey

 New questions that require 
previous explanation

• 35 questions in 4 blocks
• 34 public agencies, 11 

NGOs/associations, 9 University 
departments/faculties: 98 persons 
invited.

• 37 participated, from 26 different 
entities

July-August 2024 24th October 2024 November 2024

Assessment of 
current 
capabilities:
• Technology
• Skills  
• Governance

4. Risk Information Hub
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Conceptual framework for Hazard, Exposure, Vulnerability and Risk Assessment
• in C-COVER: coastal erosion and flooding hazards and socioeconomic impacts
• in PRISM: additional coastal hazards and environmental / intangible impacts

Scope:
Development of methods 

(Risk Assessment Technical Guidelines )
x Calculations and mapping

Critical factors for success: Shared understanding of the proposed risk assessment 
approach (across 3 project components and Risk Information Hub users) 

4. Risk Information Hub
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• Marine hazards (forcing hazards) : sea waves overtopping, sea waves forces, storm surge
(TWL), meteo-tsunamis (milghuba), sea level rise

• Marine hazards (non-forcing): water temperature, water acidity, saline intrusion

• Geo-hazards: earthquake, tsunami, beaches erosion, landfall, rockfalls, ground movement,
subsidence, marine sedimentation shifts, volcanoes

• Atmospheric hazards: meteorological, climatological, air quality

• Biological hazards: invasive species, vegetation cover, aquatic bloom, loss of habitat

• Human stressors: trampling, anchoring, water pollution, storm water discharge, construction

Relevant coastal hazards (examples for impact chain development)

4. Risk Information Hub
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• Health, safety and wellbeing: local population, visitors, vehicles, vulnerable groups

• Infrastructure and transport: Water supply, sewage. Roads, vehicles, energy, telecommunications, industrial
harbours, public service infrastructures (hospitals, schools, police stations, fire stations), maritime transport

• Urban areas and economic activities: Coastal structures (built-up waterfront), other buildings, urban fabric,
industrial and commercial areas, parks and recreation, accommodation stock, tourism services and infrastructure,
fishery capacities, livestock activities

• Natural heritage: Beaches, sand dunes, coastal wetlands (saltmarshes), coastal reefs, Posidonia meadows,
coastal cliffs, natural streams and aquifers, aquatic and terrestrial biodiversity, caves, coastal garrigue. Intangible
impacts

• Historical, cultural and ethnographic heritage: Paths and tracks, buildings and assets, climbing zones,
viewpoints, cultural landscapes, diving sites, bathing waters, recreational activities, archaeological sites. Intangible
impacts

• Public services: Local councils, ecosystem monitoring. Intangible impact

Cross-sectoral at-risk receptors

4. Risk Information Hub



This project is funded by the European Union via the 
Technical Support Instrument and implemented by EUCC in collaboration with its experts, 

in cooperation with the European Commission

The Risk Information Hub Blueprint will 
include the conceptual development of 
methods and tools for:

1. Data acquisition (local and global sources)

2. Data integration (processing and analysis)

3. Data update (and continuous upgrade)

4. Information management: specific task

Objectives
• Data centralization 

and standardization
• Data sharing to promote 

science-based decision-making

And a roadmap for the implementation   
of recommended developments 
including technical specifications

4. Risk Information Hub



This project is funded by the European Union via the 
Technical Support Instrument and implemented by EUCC in collaboration with its experts, 

in cooperation with the European Commission

1. Roles and responsibilities: 
• Maintenance of the Risk Information Hub
• Data acquisition, integration, update

2. Data access: 
• Ownership of data
• Utilization

Critical factors for success:
• Engagement with all relevant 

stakeholders from early stages
• Agreement on working 

methods and project specific 
objectives

Development of the Information Mangement Framework

4. Risk Information Hub



This project is funded by the European Union via the 
Technical Support Instrument and implemented by EUCC in collaboration with its experts, 

in cooperation with the European Commission

Design of a Capacity Building Program for the uptake of the 
Risk Conceptual Framework:

• Identification of potential trainees and needs
• Assessment of current capabilities
• Description of training and capacity building activities:

- Contents
- Methods and Timeline
- Quality control and certification
- Cost estimates

• Alumni action plan

Critical factors for 
success. 

• Robust commitment 
by participant 
institutions (after 
project finalisation)

4. Risk Information Hub



This project is funded by the European Union via the 
Technical Support Instrument and implemented by EUCC in collaboration with its experts, 

in cooperation with the European Commission

CONCLUSIONS

Impacts 

Coastal hazard 

Beach 
erosion 

Rocky 
coast 

erosion 

Coastal flooding 
Quasi-
steady 

Wave 
overtopping 

Wave 
force 

Receptors 
at risk 

Population Indirect Direct Indirect Direct  
Tourism sector Indirect Direct Direct   

Cultural, ethnographic 
and heritage   Direct Direct   

Critical infrastructures  Direct Direct   
Other buildings  Direct Direct   

Vehicles    Direct  
Coastal structures  

(built-up waterfront)     Direct 

 



This project is funded by the European Union via the 
Technical Support Instrument and implemented by EUCC in collaboration with its experts, 

in cooperation with the European Commission

A Coastal Protection Strategy for Malta - European Commission

Coastal-COVER



This project is funded by the European Union via the 
Technical Support Instrument and implemented by EUCC in collaboration with its experts, 

in cooperation with the European Commission
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Dr. Jara Martínez
jara.martinez@unican.es
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• The World Economic Forum's (WEF) Global 
Risks 2023 report identifies the failure of 
climate-change adaptation as one of the main 
global risks in 10 years.

• Adaptation to climate change is a key priority for 
our society. An example is the Agenda 2030 of 
AIVP (International Association of Cities and 
Ports). 



• In the last fifty years, human action has transformed ecosystems more rapidly and 
extensively than in any other period. This has resulted in a considerable, and largely 
irreversible, biodiversity loss. This loss has consequences for human well-being 
(Millennium Assessment Report).

• The climate crisis and the biodiversity crisis are intimately linked; while ecosystems play 
an important role in climate regulation and can help sequester and store carbon, their loss 
has contributed significantly to climate change.



• Adaptation to climate change requires multifunctional solutions: solutions that maximize 
benefits for both society and the natural system.

• During the United Nations Climate Change Conference COP25 and COP26 there was a 
common view that Nature-based Solutions (NBS) are an invaluable part of the solution



• Coastal areas are experiencing an incresing risk 
and NbS based on coastal ecosystems are 
specially important to for disaster risk reduction 
in these areas.

• These solutions provide with several ecosystem 
services, among them we find the coastal 
protection service.

International Guidelines on Natural and Nature-
Based Features for Flood Risk Management, 2021



Morris et al. (2018)



Saltmarshes
Mangroves



• Coastal protection service:
• Flow energy attenuation
• Erosion reduction



• It is still necessary to know in depth and characterize the sediment transport in these 
ecosystems. 

• HyWEdges (hydrodynamics at coastal wetland edges) and SHACC (Hybrid Solutions 
for Coastal Adaptation to Climate Change Climate Change) projects aimed to 
evaluate sediment transport patterns in vegetation fields.
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Experimental set-up

• Tests were carried out in the wave tank at the Denmark Hydraulics 
Institute (DHI) in Denmark:

• Maximum discharge: 1 m3/s

• Water depth: 0.30 m
• Velocity: 0.30 m/s

• Test section width: 5.5 m
• Two channels: 2.75 m

• Vegetation fields: 1.25 m
• Open channels: 1.5 m



• Vegetation mimics:
• Field 10 m long x 1.25 m wide ➞ 12.5 m2

• Saltmarshes: plastic tubes
• 420 stems/m2➞ 5250 stems
• Simplified geometry: flexible cylinders
• Diameter: 0.005 m
• Length: 0.30 m
• E = 14 MPa

• Mangroves: wood cylinders
• 84 stems/m2➞ 1050 stems
• Simplified geometry: rigid cylinders
• Diameter: 0.03 m
• Length: 1 m
• Rigid

Experimental set-up



• Hydrodynamic conditions:
• Water depth: 0.30 m
• Unidirectional current: 0.30 m/s 

Experimental set-up



• Sediment area:
• 0.20 m of depth
• Smooth slopes 1:5
• Total volume: 15.4 m3

• Sediment: 
• Nominal diameter equal to 0.18 mm
• Availability/characteristics/movement 

iniciation based on Van Rijn 1989 and 
Soulsby 1997 formualtions

Experimental set-up



• 24 free surface sensors at 4 longitudinal positions
• 6 ADVs: profiles at 3 lateral positions and 3 longitudinal ones
• Sediment elevation using 60 sediment bars at 10 longitudinal positions

T2T3 T1

Experimental set-up



Diseño experimental
Monitorización

Experimental set-up



Results

Patch

Edge

Channel
Longitudinal sections (inside the patch Y = 0.625 m, dark green, at 
the lateral edge Y = 1.25 m, light green, and at the channel Y = 2.00 
m, blue). Velocity profiles obtained using X and Z components.
• Flow velocity (black arrows)
• TKE magnitude (red lines) 
• Sediment elevation (gray lines) 



Cross sections (at T1 X = - 0.75 m, T2 X = 0.50 m, and T3 X = 
2.50 m). Velocity profiles obtained using Y and Z components.

T3T2T1

Results



Results



Results

Channel

Edge

Patch

Longitudinal sections (inside the patch Y = 0.625 m, dark green, at 
the lateral edge Y = 1.25 m, light green, and at the channel Y = 2.00 
m, blue). Velocity profiles obtained using X and Z components.
• Flow velocity (black arrows)
• TKE magnitude (red lines) 
• Sediment elevation (gray lines) 



Cross sections (at T1 X = - 0.75 m, T2 X = 0.50 m, and T3 X = 
2.50 m). Velocity profiles obtained using Y and Z components.

T3T2T1

Results



Results

Diverging region, LD:
Downstream of LD the flow field evolves into a flow field where the velocity within the vegetation is smaller than the 
velocity in the open channel. LD = 1.5 m for saltmarshes and LD = 2.5 for mangroves.



Results

Same slope

𝜌𝑔ℎ
𝜕ℎ
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𝑇𝐾𝐸
𝑈 = 1.1 𝐶!

𝜑
1 − 𝜑 +𝜋 2

"# $

𝑇𝐾𝐸 = 0.001 m2/s2 

Results

𝑇𝐾𝐸 = 0.006 m2/s2 

Saltmarsh

Mangrove

𝜑# = 0.060𝜑$ = 0.012



Results

Length-scale of vortex penetration, Lv:
A shear layer forms at the interface between the patch and the lateral channel, where shear layer vortices develop. 
Since both patches present the same frontal area per volume, LV is expected to be similar for both cases, being 
slightly bigger for the rigid vegetation due to its larger CD value. Taking CD = 1: 𝐿( = 0.5 𝐶!𝑎 )* ≈ 0.2	𝑚



* **

* **

* **

400 sticks/m2
6 - 8 mm diameter

Bouma et al. (2005)

Results
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Saltmarsh

Saltmars

Mangrove

Mangrove PV PV

FV FV

Experimental set-up
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Gordon Leppig & Andrea J. Pickart, Public domain, via 
Wikimedia Commons

2020 R.A. Chasey

Saltmarsh 
characteristics

Mangroves 
characteristics

Schulze et al. (2019), Vuik et al. (2018); 
Zhu et al. (2020)Maza et al. (2016), Norris et al. (2019) 

Sediment
𝑑+, = 0,168	𝑚𝑚

(Horstman et al., 2014; Hu et al., 2021) 

𝑏! = 0.6	𝑐𝑚

ℎ! = 40	𝑐𝑚

𝑁 = 312.5	𝑠𝑡𝑒𝑚𝑠/𝑚"

𝑏! = 3	𝑐𝑚

ℎ! = 40	𝑐𝑚

𝑁 = 12.5	𝑠𝑡𝑒𝑚𝑠/𝑚"

∆𝑋 = ∆𝑌 = 0.04	𝑚 ∆𝑋 = ∆𝑌 = 0.2	𝑚

Experimental set-up
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Regular waves

Test h (m) H (m) T (s) L (m) H/h H/L

C13 0.4 0.1 1.5 2.61 0.25 0.04

C24 0.4 0.1 2.5 4.74 0.25 0.02

C35 0.6 0.2 1.5 2.99 0.33 0.07

C46 0.2 0.1 1.5 1.97 0.50 0.05

C57 0.2 0.1 2.5 3.43 0.50 0.03

C68 0.4 0.2 1.5 2.61 0.50 0.08

C79 0.6 0.3 1.5 2.99 0.50 0.10

Experimental set-up



X

Y

32

Laser scanner

• Minimum resolution: 
0.4 mm

• Full Vegetation: 
    20 areas ≈ 20x40 cm

• Partial Vegetation: 
     25 areas≈ 20x40 cm

PV

Waves 
direction

X
Y

FV

Experimental set-up



Waves

Z 
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)
Z 
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FV
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Mangroves initial bed elevation

PV
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WavesFV

PV

Z 
(m

)
Z 

(m
)

Y 
(m

)

X (m)

Y 
(m

)

Saltmarsh initial bed elevation
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Mangroves – bed elevation evolution
FV PV

No significant erosion/accretion patterns

Test h (m) H (m) T (s)

C57 0.2 0.1 2.5

C68 0.4 0.2 1.5

C79 0.6 0.3 1.5
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FV PV
Saltmarshes – bed elevation evolution

No significant erosion/accretion patterns

Test h (m) H (m) T (s)

C57 0.2 0.1 2.5

C68 0.4 0.2 1.5

C79 0.6 0.3 1.5
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Waves
Waves
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Ripples characterization

• ℎ# : ripples height

• 𝐿# : ripples length

• X ≈ 0, 0.48, 1.7, 2.33, 3.5, 
4.5, 6.5 y 8 m

• Measured at the center of 
the channel (Y≈2.15 m) 
and within the vegetation 
fields (Y≈0.95 m)





Ripples steepness
Measured bedforms geometry in the laboratory is compared to 

van Rijn (1993)

Vegetation Bare bottom



Ripples steepness

42

Can we estimate their geometry within vegetation fields?

ℎ!
𝐿!
=
0.275 − 0.022	𝜓".$

2.2 − 0.345𝜓".%&
ℎ!
𝐿!
=
0.275 − 0.022	𝜓".&'

1.97 − 0.44𝜓".'(
𝐿!
𝐴",$

= 0.72 + 2.0	×	10%&
𝐴",$
𝑑'(

1 − 𝑒𝑥𝑝 − 1.57×10%)
𝐴",$
𝑑'(

*.*' %*

ℎ!
𝐿!
= 0.120	𝐿!)"."$*

Nielsen (1981) O’ Donoghue et al. (2006) Nelson et al. (2013)

Vegetation 
type Formula RMSE within 

vegetation
RMSE at the 

channel

Saltmarsh

Nielsen (1981) 0.047 0.026

O’Donoghue et al.  (2006) 0.039 0.023

Nelson et al. (2013) 0.063 0.043

Mangrove

Nielsen (1981) 0.023 0.026

O’Donoghue et al.  (2006) 0.023 0.027

Nelson et al. (2013) 0.041 0.037

𝑨𝒘,𝒃: orbital excursion at the bottom
𝝍: mobility parameter



Y 
(m

)

X (m)
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Ripples pattern

PV

Manglar
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Ripples and wave energy dissipation
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Ripples and wave energy dissipation
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Ripples orientation
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Ripples orientation
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• The flow and sediment transport patterns observed under currents show the 
expected divergence region, which is influenced by the vegetation field properties.

• Vegetation fields allow trapping sediment and creating soil while preventing erosion 
but edge effects that may result in local ecosystem loss must be considered.

• Under the tested wave conditions significant erosion and accretion areas were not 
observed.

• Ripples size within the vegetation area  in the mangrove mimics can be estimated 
using existing formulations. That is not the case for saltmarshes mimics. For both 
the pattern is not regular due to the turbulence produced by the stems and the 
orientation of the ripples is affected by the transformation processes produced by 
the vegetation in the waves.

• More studies are still needed to well characterized flow-sediment-ecosystem 
interactions.

Conclusions



mazame@unican.es

@MariaE_Maza

Maria Maza
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1 .  B A C K G R O U N D  A N D  O B J E T I V E S

AVERAGE 
SEA LEVEL 

RISE

FLO O DING

ERO SIO N

COASTAL RISK ASSO CIATED WITH 
CLIMATE CHANGE

NO N-LINEAR INTERRELATIO NS

SUM O F ELEMENTS

WATERFRO NT PROTECTIO N 
SERVICE

G L O B A L  A N A L Y S I S  O F  T H E  P R O T E C T I O N  V A L U E  O F  T H E  
W A T E R F R O N T  E L E M E N T S  A G A I N S T  F L O O D  R I S K

BACKGROUND AND OBJETIVES



De ve lop me nt o f a me thod olog y to  e conomically asse ss the  
p ro te ction ag ainst flood ing (and  imp licitly e rosion) o ffe re d  b y the  

d iffe re nt e le me nts o f the  wate rfront b o th in iso lation and  as a whole  
b y id e ntifying  the  non-linearitie s d e rivate  from the ir comb ination

M A I N  G O A L

IMPROVING THE FLO O D 
MO DELLING

IMPROVING THE ANALYSIS O F 
ASSO CIATED RISK

IMPROVING THE ECO NO MIC 
QUANTIFICATIO N

G L O B A L  A N A L Y S I S  O F  T H E  P R O T E C T I O N  V A L U E  O F  T H E  
W A T E R F R O N T  E L E M E N T S  A G A I N S T  F L O O D  R I S K

1 .  B A C K G R O U N D  A N D  O B J E T I V E S

APPLICATIO N AT LO CAL 
SCALE

APPLICATIO N AT REGIO NAL 
SCALE

ADAPTATIO N AND CLIMATE 
CHANGE

O B J E T I VE S



2 .  T H E  C A S E  O F  B E N I D O R M

Ponie nte ’s
b each

Le vante ’s
b each

We are  he re !

Le vante ’s b eachPonie nte ’s b each

G L O B A L  A N A L Y S I S  O F  T H E  P R O T E C T I O N  V A L U E  O F  T H E  
W A T E R F R O N T  E L E M E N T S  A G A I N S T  F L O O D  R I S K

THE CASE OF BENIDORM

HR TOPOBATHYMETRY

• MDT02-ETRS-HU30 (IGN, 
2016).

• Ecocartografía de Alicante 
(MITECO, 2006-2007).

• EMODnet (2020).

WAVE DATA

• GOW2 ERA 5 (IHData).
• GOS (IHData).
• GOT (IHData).

DEM resolution = 5m



BEACHES

SEAGRASS

STRUCTURES

Prome nad e

Breakwate r

Posid onia oceanica

Cymod e cea nod osa

Caule rp a race mosa

He ig ht (m)
Diame te r (m)

De nsity (p /m2)

Drag  coe fficie nt

Ond ivie la e t al. (2014)

Kle in e t al., 2008

Instituto de  Ecolog ía 
Litoral

Infante s e t al. (2012)

2 .  T H E  C A S E  O F  B E N I D O R M

WATERFRO NT ELEMENTS

G L O B A L  A N A L Y S I S  O F  T H E  P R O T E C T I O N  V A L U E  O F  T H E  
W A T E R F R O N T  E L E M E N T S  A G A I N S T  F L O O D  R I S K

Ponie nte

Le vante
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ASSESSMENT

3 .  M E T H O D O L O G Y

METHODOLOGY
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PROTECTIO N 
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ELEMENTS

LO NG TERM 
MO DELLING

SHORT TERM 
MODELLING

FLOOD 
MODELLING
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ASSESSMENT

3 .  M E T H O D O L O G Y

G L O B A L  A N A L Y S I S  O F  T H E  P R O T E C T I O N  V A L U E  O F  T H E  
W A T E R F R O N T  E L E M E N T S  A G A I N S T  F L O O D  R I S K

HYBRID DO WNSCALING

Booig e t al. (1999)

Statistical mod e ls

IHLANSloc Álvarez-Cuesta e t al. (2023)

IHLANS

- Re g ionalisation of coastal d ynamics.

- Ge ne ration of up d ate d top o-b athyme trie s for e ve ry time  ste p .

- It consid e rs b oth long -shore and  cross-shore  se d ime nt
transp ort.

Shore Trans SWAN

Álvarez-Cuesta e t al. (2021) McCarroll e t al. (2021)

- Shore line e volution - Profile translation - Wave  p rop ag ation

Booig e t al. (1999)

- Hourly p rop ag ate d time  
se rie s.

HIGHT COMPUTATIONAL COST

+ Wate rfront e le me nts

+ Data assimilation



3 .  M E T H O D O L O G Y

G L O B A L  A N A L Y S I S  O F  T H E  P R O T E C T I O N  V A L U E  O F  T H E  
W A T E R F R O N T  E L E M E N T S  A G A I N S T  F L O O D  R I S K

𝑿𝑿𝒘𝒘,𝒋𝒋 𝑿𝑿𝒘𝒘𝒘𝒘,𝒋𝒋 ≡ 𝒙𝒙𝒆𝒆𝒘𝒘,𝒋𝒋𝒙𝒙𝒆𝒆,𝒋𝒋

PROPAGATION UP TO THE BREAKING POINT

BACK-PROPAGATION OF THE REDUCED SERIES

Scip ione e t al. (2024)
Inp ut Re d uction

𝑿𝑿𝒘𝒘 𝒙𝒙𝒆𝒆 Same long shore se d ime nt transp ort.

Shore  line  e volution ind uce d only b y the
long shore se d ime nt transp ort.

Cross-shore  se d ime nt transp ort is ne g le cte d .

Assump tion



3 .  M E T H O D O L O G Y

G L O B A L  A N A L Y S I S  O F  T H E  P R O T E C T I O N  V A L U E  O F  T H E  
W A T E R F R O N T  E L E M E N T S  A G A I N S T  F L O O D  R I S K

DATA ASSIMILATIO N

Vos e t al. (2019)
CoastSat

It allows us to introd uce  sand
nourishme nts



G L O B A L  A N A L Y S I S  O F  T H E  P R O T E C T I O N  V A L U E  O F  T H E  
W A T E R F R O N T  E L E M E N T S  A G A I N S T  F L O O D  R I S K

HR top ob athyme try for
e ve ry time  ste p

HR top ob athyme try
Prop ag ate d se rie s
Data assimitation

Wate rfront e le me nts

DO WNSCALING HÍBRIDO IHLANSloc

Inp ut O utp ut

HR top ob athyme try
Wave  d ata

372525 time  ste p s

Hourly p rop ag ate d
time  se rie s

510 time  ste p s

Running  time : 
From 8:42 to 15:28

Monthly
p rop ag ate d time  

se rie s

Inp ut O utp ut

3 .  M E T H O D O L O G Y Prop ag ate d d ynamics

Erotion/Acre tion

Shore line /Break

Monthly HR top ob athime trie s g e ne rate d  in 
a ve ry short sp ace  of time . 



3 .  M E T H O D O L O G Y

Roe lvink e t al. (2009)

G L O B A L  A N A L Y S I S  O F  T H E  P R O T E C T I O N  V A L U E  O F  T H E  
W A T E R F R O N T  E L E M E N T S  A G A I N S T  F L O O D  R I S K

Surfb eat mod e (instationary)XBeach

Hyd rod ynamics Morp hod ynamics

- Se d ime nt transp ort
- Seab e d chang e s

- Wave s
- Curre nts

- Re solve s the short-wave  e nve lop e of the wave  
g roup and  the associate d long -wave  e nve lop e .

- In 1D cross-shore mod e it so lve s the transve rsal 
se d ime nt transp ort.

- This mod e d oe sn’t allow cap turing fine  d e tails of
se d ime nt transp ort on ve ry small scale s (g rain b y
g rain). This is d one  b y Non-hyd rostatic mod e .

Princip le ske tch of the re le vant wave  p rofile
(XBeach manual)

PROTECTIO N 
VALUE O F THE 
WATERFRO NT 

ELEMENTS

LONG TERM 
MODELLING

SHO RT TERM 
MO DELLING

FLOOD 
MODELLING

ECO NO MIC 
ASSESSMENT



3 .  M E T H O D O L O G Y

Seag rass

Structure

Prome nad e

Allows us to introd uce  d iffe re nt
typ e s of e le me nts in the mod e l.

Non-e rod ib le laye r

Non-e rod ib le laye rs are  infinite ly d e e p .

struct = 1

Posid onia oceanica
Ve g e tation mod ule

ve g e tation = 1
Cymod e cea nod osa

- File  with the same format as b athyme try
with the wid th (m) of the e rod ib le laye r
[0-10].

Inp ut

Assump tion

Van Rooije n e t al. (2015)

Ve rtically uniform ve g e tation.

Assump tion
Me nde z and  Losada (2004);

Suzuki e t al.,(2012)

- File  with the same format as b athyme try
with the location.

- ah: he ig ht (m).
- Cd : d rag  coe fficie nt (-).
- b v: ste m d iame te r (m).
- N: d e nsity (shoots/m2).

Inp ut

G L O B A L  A N A L Y S I S  O F  T H E  P R O T E C T I O N  V A L U E  O F  T H E  
W A T E R F R O N T  E L E M E N T S  A G A I N S T  F L O O D  R I S K



3 .  M E T H O D O L O G Y

G L O B A L  A N A L Y S I S  O F  T H E  P R O T E C T I O N  V A L U E  O F  T H E  
W A T E R F R O N T  E L E M E N T S  A G A I N S T  F L O O D  R I S K

Without Seag rass

With Seag rass

Hyd rod ynamics Morp hod ynamics

Profile 42



HR long -te rm top ob athyme try
(storm month, IHLANSloc)

Wave  d ata

Wate rfront e le me nts

HR top ob athyme try (p ost storm)

Se t-up  se rie s

IG wave  se rie s

3 .  M E T H O D O L O G Y

Inp ut

O utp ut

G L O B A L  A N A L Y S I S  O F  T H E  P R O T E C T I O N  V A L U E  O F  T H E  
W A T E R F R O N T  E L E M E N T S  A G A I N S T  F L O O D  R I S K

- Seag rass mead ows have  a clear e ffe ct on morp holog y
(se d ime nt transp ort and  seab e d  chang e s).

- Re d uce d  e ffe ct on hyd rod ynamics (re d uction of the  IG 
wave s).



G L O B A L  A N A L Y S I S  O F  T H E  P R O T E C T I O N  V A L U E  O F  T H E  
W A T E R F R O N T  E L E M E N T S  A G A I N S T  F L O O D  R I S K

3 .  M E T H O D O L O G Y

Le ijnse e t al. (2021)
SFINCS

PROTECTIO N 
VALUE O F THE 
WATERFRO NT 

ELEMENTS

LONG TERM 
MODELLING

SHORT TERM 
MODELLING

FLO O D 
MO DELLING

ECO NO MIC 
ASSESSMENT

Re d uce d comp lexity mod e l d e sig ne d to rap id ly
mod e lling comp ound flood ing

Wind

Wave s

FluvialF O R C I N G S

Rainfall

Tid e Examp le of the d iffe re nt mask value s on a g rid
(SFINCS manual)

- Ge ne rally wind s, tid e s and  wave s are  force d at -2.
- In this case , we will force afte r maximum

d issip ation.



HR top ob athyme try
(p ost storm, XBeach)

G L O B A L  A N A L Y S I S  O F  T H E  P R O T E C T I O N  V A L U E  O F  T H E  
W A T E R F R O N T  E L E M E N T S  A G A I N S T  F L O O D  R I S K

3 .  M E T H O D O L O G Y

Inp ut

Quickly varying wate r le ve l

Slowly varying wate r le ve l

Manning  roug hne ss map at ss se t up  
(XBeach) re f

Infrag ravity wave  (XBeach)

Goda and  Suzuki (1976)

de  Ridde r e t al. (2023)

De ltare s Wave  Toolb ox

Mansard and  Funke (1 9 8 0 )

2 sig nals

3 sig nals

- Unse p arate d incid e nt and  
re fle cte d comp one nt.

- Rand om p hase .

- The  incid e nt comp one nt of the  IG wave  se rie s has 
b e e n se p arate d .

- The  same  p hase  (rand omly chose n) has b e e n 
ap p lie d .

- Create  the  flood  map  for Gloria e ve nt.
- Mayb e  ad d  the  rainfall comp one nt?



3 .  M E T H O D O L O G Y

PROTECTIO N 
VALUE O F THE 
WATERFRO NT 

ELEMENTS

LONG TERM 
MODELLING

SHORT TERM 
MODELLING

FLOOD 
MODELLING

ECO NO MIC 
ASSESSMENT

Erosion

De g rad ation

De crease of
seag rass d e nsity
Re d uction of coral 
cove r.
More  p ossib le
sce narios.

Beache s.

G L O B A L  A N A L Y S I S  O F  T H E  P R O T E C T I O N  V A L U E  O F  T H E  
W A T E R F R O N T  E L E M E N T S  A G A I N S T  F L O O D  R I S K

SCENARIO S DAMAGE CO ST AVO IDED

Damag e q uantification (€/d ay)



4 .  N E X T  S T E P S

NEXT STEPS

G L O B A L  A N A L Y S I S  O F  T H E  P R O T E C T I O N  V A L U E  O F  T H E  
W A T E R F R O N T  E L E M E N T S  A G A I N S T  F L O O D  R I S K

ADAPTATIO N AND CLIMATE CHANGE APPLICATIO N AT REGIO NAL SCALE

O’ahu, Hawaii (USA)
- Diffe re nt le ve sl of

d e ve lop me nt of
b eache s.

- Coral re e fs.
- Seag rass.

Simulation of climate chang e sce narios

SSP1 - 2.6

Imp le me ntation of ad ap tation actions throug h
d ynamics p athways

Cost-Be ne fict analysis of d ynamic p athways

SSP2 - 4.5 SSP5 - 8.5
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Brief talk about some 
beaches and machine learning

Arnau Garcia Tort



Intro ¿What’s my PhD about?



Morphology of equilibrium beaches protected by 
submerged detached structures

PhD Student: Arnau Garcia Tort
Tutor: Dra. Erica Pellón

Director: Dr. Ernesto Mauricio González



DANGER SUBMERGED ZONE

SAFE EMERGENT ZONE



METHODS & WORKPLAN  _________

T1. Review literature

Methodologic plan for the 
model applicability

Apply it to pilot sites

T5. Validate the model

T6. Present and share all 
the amounted knowledge

T2. Apply/use   ML techniques T3. Numerical modelling in ST

Gtruth data    Lab experiments

T4. Planform Empirical Mod. in LT

Useable      Ranges  __
UNCY          BIASS __ .



[ Y = 25.75 m ]

Y (m)

First paper:  Classification

Second paper:  Regression

Can ML algorithms help us to reduce the 
uncertainty in these detached beaches? 

The idea here is to benchmark some previous empirical 
models versus our ML results to see if helps to improve

Inputs



• Parameters considered
Params 

geomorphological

Params 
hydrodynamical

Hs Tp

L

PAPERS #1 + #2 



Estructuras sumergidas (SD)

Estructuras low-crested (LC)

Estructuras emergidas (ED)

Their level of 
submergence :

Their formation 
origin process :

Natural submerged (Reef)

Human-made Breakwaters (BW)

Natural emerged (Island)

The size of their 
response :

Small (S)

Mega (XL)

Large (L)

Medium (M)

Y > 1000 m

Y < 100 m

The > 370 beaches of our DATABASE were grouped by: 
PAPERS #1 + #2 



PAPER #1 + #2 Salient and Tombolo insights  

Previous literature equations, fits and knowledge …



¿What about the ML results?
¿They are better tan previous models? 



The model must predict from the given 
inputs if is more likely to form T or S 

M
et

ho
do

lo
gy

In
pu

ts
PAPER #1 Salient and Tombolo classification 

From all predicted events the model only misclassify eight! 



¿How many beaches misclassified?

¿Are they logical errors? 

Only 8 data misclassified! < (2,45%)
2 Tombolo y 6 Salients

What can we extract from the misclassified events?



?

Both 
emerged 3LC

1ED

2SD

What can we extract from the misclassified events?

The major part of the events are correctly classified and the 
missed ones are logic and consistent, always the same

Tombolos well-predicted Salients well-predicted
Salients

Tombolos



From 127 Emerged structures
2 tombolos and only 1 salient misclassified

Salients
Tombolos

What can we extract from the results?

The model was able to correctly classify some complex events that 
exceeds the previous literature ranges & limits capabilities



Historical evolution

The model can’t know the human intervention that took place into 2018 …
As you can see there is still some limitiations and future work to be done

Some inherent problems … 



PAPER #2 Salient and Tombolo extension prediction

Before: Classification problem

Now: Regression problem

[ Y = 25.75 m ]

Y (m)

The target here is to predict the cross-shore 
extension that the Tombolo/Salient will have

Same inputs and 
training methodology 



ML models to predict: Y (m)

Given to data distribution, the model struggles with large  Y values
Small data well-predicted but model has 

bigger errors on larger salient events

What can we extract from the misclassified events?



ML predict: Y (m) N = 250 dataTest = 113 data (45%)

Given to data distribution, the model 
struggles with the large  Y values 

What can we extract from the misclassified events?



3. Benchmarking vs other previous models

What can we extract from the benchmarks?

ML beats some empirical models but still need some 
refinements to overcome all the limitations



What are the ML strengths or potential benefits?

Generality and suitability

Is more general, can be globally applied and it’s not 
restricted to a limitted set of data and conditions 

Training and Model Optimization

ML procedure it’s simple and effective, allowing 
interpretability and explainable learning 

Robust and powerful 

Potential host and manage large amounts of data 
 Scalability (The more data, the better)



¿How would you classify if you were a ML model? 

¿3 Tombolos? ¿3 Salients? ¿Both?

¿How would you handle this intermittent events? 
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Need to predict its 
changes and variability

Management and planning

Habitat protection

Coastal protection

Impacts of CC

Public policies

Models

AI

Satellite

Introduction

Lucas de Freitas Pereira 12/03/2025Coastal engineering and management Group - IHCantabria 



Data-driven.

Da
ta

 A
va

ila
bi

lit
y

Process knowledge

Data driven Semi-empirical 
(data-driven)

Reduced-
complexity

Process-based

Increase simplicity, stability, computa�onal efficiency

Increase applica�on range, decrease data-dependency
Colorscale

Modified from Hunt et al. 2023

Reduced complexity

Processes based

Semi-empirical (data-driven)

 Short- to mid-term

 Short- to long-term

 Short- to long-term

 Short- to long-term

Waves

Currents

Transport

Beach response

Waves

TransportBeach 
response

Waves Beach
response

Shoreline Modeling 

Lucas de Freitas Pereira 12/03/2025Coastal engineering and management Group - IHCantabria 



For long-term forecasts, which 
models are best?



ShoreShop (2019)

Lucas de Freitas Pereira 12/03/2025Coastal engineering and management Group - IHCantabria 



Lucas de Freitas Pereira 12/03/2025Coastal engineering and management Group - IHCantabria 



5 years latter…



ShoreShop 2.0 (2024)

Yongjing
Mao

BEACH X:

Lucas de Freitas Pereira 12/03/2025Coastal engineering and management Group - IHCantabria 



Can AI beat traditional models?



Lucas de Freitas Pereira 12/03/2025Coastal engineering and management Group - IHCantabria 



22 Hybrid

12 Data driven

Lucas de Freitas Pereira 12/03/2025Coastal engineering and management Group - IHCantabria 
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Best models

CoSMoS-COAST-CONV

iTransformer

GAT-LSTM

Bayesian Autoregression

Miller and Dean

Hybrid models

DD models

DNN
(attention based)

1 convolution + 5 params

> 𝟏𝟏𝟏𝟏𝟔𝟔 params

> 𝟏𝟏𝟏𝟏𝟔𝟔 params

> 𝟏𝟏𝟏𝟏𝟐𝟐 params

3 params

Smoothed 
data

*7 of the 10 best models were not AI models*

Lucas de Freitas Pereira 12/03/2025Coastal engineering and management Group - IHCantabria 



What do we know so far?

There is no better model yet… There are better modelers
Apparently, ensembles perform great… But not for extreme events
Hybrid models are fast and stable… No “but” for this one
AI is coming with heavy guns… But you are what you eat
SDS are the present, and future… But the error is big

Lucas de Freitas Pereira 12/03/2025Coastal engineering and management Group - IHCantabria 



What is between 𝟏𝟏𝟏𝟏𝟔𝟔
and 𝟏𝟏𝟏𝟏𝟏𝟏 parameters? 

Can hybrid models be 
better explored?

How do we deal with SDS 
errors?

Where is my shoreline modelling 
research going?

How we can improve the 
extreme events? 

What is between 𝟏𝟏𝟏𝟏𝟔𝟔
and 𝟏𝟏𝟏𝟏𝟏𝟏 parameters? 

Can hybrid models be 
better explored?

How do we deal with 
SDS errors?

How we can improve 
the extreme events? 



12/03/2025

What is between 𝟏𝟏𝟏𝟏𝟔𝟔
and 𝟏𝟏𝟏𝟏𝟏𝟏 parameters? 

Can hybrid models be 
better explored?

How do we deal with 
SDS errors?

How we can improve 
the extreme events? 

Increase their 
complexity

𝟏𝟏𝟏𝟏𝟒𝟒 𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑

Lucas de Freitas Pereira Coastal engineering and management Group - IHCantabria 



What is between 𝟏𝟏𝟏𝟏𝟔𝟔
and 𝟏𝟏𝟏𝟏𝟏𝟏 parameters? 

Can hybrid models be 
better explored?

How do we deal with 
SDS errors?

How we can improve 
the extreme events? 

Lucas de Freitas Pereira 12/03/2025Coastal engineering and management Group - IHCantabria 



What is between 𝟏𝟏𝟏𝟏𝟔𝟔
and 𝟏𝟏𝟏𝟏𝟏𝟏 parameters? 

Can hybrid models be 
better explored?

How do we deal with 
SDS errors?

How we can improve 
the extreme events? 

COASTAL DYNAMICS 2025
7-11 April, Aveiro, Portugal

Lucas de Freitas Pereira 12/03/2025Coastal engineering and management Group - IHCantabria 



What is between 𝟏𝟏𝟏𝟏𝟔𝟔
and 𝟏𝟏𝟏𝟏𝟏𝟏 parameters? 

Can hybrid models be 
better explored?

How do we deal with 
SDS errors?

How we can improve 
the extreme events? 

Bayesian inference

𝓝𝓝 𝝐𝝐𝒐𝒐𝒐𝒐𝒑𝒑

𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒑𝒑𝒑𝒑𝑴𝑴𝒑𝒑𝑴𝑴𝑴𝑴 𝒑𝒑𝒑𝒑𝑴𝑴𝒐𝒐𝒑𝒑 Taken from Vos et al. (2019).

Lucas de Freitas Pereira 12/03/2025Coastal engineering and management Group - IHCantabria 



What is between 𝟏𝟏𝟏𝟏𝟔𝟔
and 𝟏𝟏𝟏𝟏𝟏𝟏 parameters? 

Can hybrid models be 
better explored?

How do we deal with 
SDS errors?

How we can improve 
the extreme events? 

𝒅𝒅𝒅𝒅
𝒅𝒅𝑴𝑴 = 𝜸𝜸 𝚫𝚫𝝌𝝌𝑴𝑴𝒆𝒆 Disequilibrium

Parameters

∀ 𝜸𝜸 → 𝜸𝜸 = 𝜽𝜽 + 𝝐𝝐(𝑴𝑴,𝒇𝒇𝒐𝒐𝒑𝒑𝒇𝒇𝑴𝑴𝒇𝒇𝒇𝒇)

Cartesian Genetic Programming

Lucas de Freitas Pereira 12/03/2025Coastal engineering and management Group - IHCantabria 

×

÷

+

−

𝑙𝑙𝑙𝑙𝑙𝑙

𝑭𝑭𝑴𝑴𝒇𝒇𝒇𝒇𝑴𝑴𝑴𝑴𝒐𝒐𝒇𝒇𝒑𝒑𝑴𝑴 𝒇𝒇𝒐𝒐𝒅𝒅𝑴𝑴𝒑𝒑

𝑰𝑰𝒇𝒇𝒑𝒑𝑴𝑴𝑴𝑴𝟏𝟏

𝑰𝑰𝒇𝒇𝒑𝒑𝑴𝑴𝑴𝑴𝟐𝟐

𝑰𝑰𝒇𝒇𝒑𝒑𝑴𝑴𝑴𝑴𝒇𝒇

𝑶𝑶𝑴𝑴𝑴𝑴𝒑𝒑𝑴𝑴𝑴𝑴𝟏𝟏

𝑶𝑶𝑴𝑴𝑴𝑴𝒑𝒑𝑴𝑴𝑴𝑴𝟐𝟐

𝑶𝑶𝑴𝑴𝑴𝑴𝒑𝒑𝑴𝑴𝑴𝑴𝒇𝒇



Key takeaways
Models

DNN

Satellite

The present and the future

Our main challenges

Where my thesis is going

Lucas de Freitas Pereira 12/03/2025Coastal engineering and management Group - IHCantabria 
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Und e rsta nd ing  on num e rica l s im ula t ions  using  b ichrom a tic  cond it ions  from  la rg e  sca le  e xp e rim e nt

Ne w Exp e rim e nts  to  b e  consid e re d  for the  num e rica l s tud y

Mod e l d e ve lop m e nt  for ve g e ta t ion ca se
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LABORATORY EXPERIMENTS CONSIDERED

SUMMARY

RESULTS

IMPLEMENTING LABORATORY CASE

BACKGROUND IH2VOF-SED

INTRODUCTION

07

08

IMLEMENTING VEGETATION SCHEME

WHAT’S NEXT



INTRODUC TIONI

Applying IH2VOF –SED model to model different morphodynamic
processes and the governing hydrodynamics on different beach 

configurations and sustainable protection measures  



Ba c kg ro u n d  IH2VOF- SEDII

2DV RANS b a se d  so lve r

Turb u le nce  is  a ccounte d  using  a  k-ε c losu re  m od e l

Finite  d iffe re nce  com p uta t iona l a p p roa ch in  a  s t ruc tu re d  orthog ona l m e sh

Fre e  su rfa ce  re construc t ion using  Volum e  of Flu id  te chniq ue

Incorp ora t ion of so lid  b ound a ry using  p a rt ia l ce ll t re a tm e nt

Two ste p  p ro je c t ion m e thod  is  u se d  a s  num e rica l so lving  p roce d ure

Em p irica l form ula  b y Rou lond 2004 is  u se d  for Be d  loa d  Est im a t ion 

Ad ve c t ive  Diffusive  e q ua t ion is  so lve d  for Susp e nd e d  loa d  Est im a t ion

Two p oint  fric t ion ve loc ity e s t im a t ion is  u se d



Im p le m e n t in g  La b o ra to ry  c a s eIII

Nea r-Bed Sed ime nt Tra nsp ort d uring
offshore ba r m ig ra tion in la rge-sca le
e xperime nt s . Floria n Gro s sma n et .a l
2022

H1(m)​​ H2(m)​​ F1(Hz)​​ F2 (Hz)​​

0.245​​ 0.245​​ 0.3041​​ 0.23657​​

Erosive  ca se  using  Bi-chrom a tic  Wa ve s

Init ia l a nd  fina l b e a ch s ta te s
Ba r forma tion



Re s u lt s  - Fre e  Su rfa c e  Ele va t io n  ( Firs t  4  w a ve  g ro u p s )IV

Orig in 54 m  from  the  wa ve  m a ke r Orig in 11 m  from  the  wa ve  m a ke r



RESULTS- Ph a s e  Diffe re n c e  b e t w e e n  lo n g  w a ve  a n d  s h o rt  w a ve  c o m p o n e n t s  a n d  b e a c h  p ro file  e vo lu t io nIV

• Deviations in phase
difference between
long and short wave
components of model
and laboratory is
significant

• Closer representation
in breaking zone
resulted in better bar
formation when driven
with theoretical 2nd

order waves replacing
existing components

• Overwash in the
inshore is
underestimated.



Re s u lt s - Ph a s e  Diffe re n c e  b e t w e e n  lo n g  w a ve  a n d  s h o rt  w a ve  c o m p o n e n t s  a n d  b e a c h  p ro file  e vo lu t io nIV

J.W.M. Kranenborg et.al, 2024

Effects of free surface modelling and wave-breaking turbulence on depth-resolved modelling of sediment transport in the swash zone, Coastal Engineering.

The closest study using similar wave conditions. 
The model is run using a fixed bed and only for 3 minutes with no bed evolution. 
Wave maker signals are available in this case

Jose M Alsina et.al, 2016

Sediment transport and beach profile evolution induced by bi-chromatic wave groups with different group periods.

During shoaling process broad banded wave conditions tend to dissipate more and energy transformation into long wave components
It is observed ingoing free long wave is 27% of energy of the primary wave group

Baldock TE et.al, 2010

Sediment transport and beach morphodynamics induced by free long waves, bound long waves and wave groups.

Wave conditions with free long waves tend to increase offshore transport in the surf zone and onshore transport in the swash zone, but with bound longwave  
offshore transport is predominant in surf and swash zone.



Su m m a ryV
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Subse que nt e xpe rim e nts are  p lanne d  conside ring  this im pact

Longwave  not e xactly re p lica te d  re duce s ove rwash de position

Bre aking  point de cide s the  b re ake r bar form ation

Lack of Wave  m ake r signal inform ation is  a  de fic ie ncy for re p lica ting  the  e ntire  le ng th of the  flum e

Using  d iffe re nt wave  gauge  data  and  chang ing  the  dom ain le ng th accord ing ly introduce s d iffe re nt longwave  com pone nts into 
m ode l

Phase  d iffe re nce  be twe e n long  wave  and  short wave  com pone nts are  d iffe re nt for labora tory and  for 
num e rica l sim ula tions 



Mo rp h o d yn a m ic  e vo lu t io n  d u e  t o  t h e  p re s e n c e  o f s e a g ra s s  m e a d o wVI

Ke y e xp e c te d  ou tp u ts

1. Functional num e rica l m ode l incorpora ting  subm e rge d  ve ge ta tion
2. Role  of subm e rge d  m e adow of d iffe re nt le ng ths in a tte nuating  wave s and  ve locitie s
3. Im pact of ve ge tation in b re ake r bar dynam ics

Physical model setup - Astudillo et al., 2022; Astudillo-Gutierrez et al., 2024)

1. De ve lop m e nt  of Num e rica l sche m e  to  incorp ora te  the  im p a c t  of Posid onia  Ocea nia

2. Va lid a t ion a g a inst  CIEM Flum e  e xp e rim e nts  which use d  a  su rrog a te  ve g e ta t ion m od e l

3. Eva lua te  the  m orp hod yna m ic re sp onse  d ue  to  the  p re se nce  of the  se a g ra ss  m e a d ow

Va lid a t ion ca se



Se d im e n t  t ra n s p o rt  a n d  b e a c h  m o rp h o  d yn a m ic s  in d u c e d  b y fre e  lo n g  w a ve s , b o u n d  lo n g  w a ve s  a n d  
w a ve  g ro u p s

VI

Ke y e xp e c te d  ou tp u ts

1. Role  of fre e  long  wave s and  bound  long  wave s in m orphodynam ic re sponse  of a  be ach p rofile

Physical model setup – Baldock et.al 2010

1. Va lid a t ion a g a inst  m e d ium  sca le  e xp e rim e nts  of Ba ld ock e t .a l 2010 

2. Exp e rim e nts  hig hlig hte d  re sp onse  of a  b e a ch p rofile  to  d iffe re nt  wa ve  cond it ions

3. Exp e rim e nts  inc lud e  fre e  long  wa ve s a nd  b ound  long  wa ve s 

Va lid a t ion ca se



St u d y o n  d yn a m ic  e q u ilib riu m  o f a  Be a c h  p ro fileVI

Ke y e xp e c te d  ou tp u ts

1. Long  te rm  m orpholog ica l re sponse s of be ach p rofile  to  re ach a  sta te  of e quilib rium
2. Cyclica l wave  cond itions and  dynam ic  e quilib rium

Physical model setup – Baldock et.al 2017

1. Va lid a t ion a g a inst  m e d ium  sca le  e xp e rim e nts  of Ba ld ock e t .a l 2017

2. Exp e rim e nts  a b ou t  s ta t ic  a nd  d yna m ic  e q u ilib rium  of a  b e a ch p rofile

3. Erosive  a nd  a cc re t ive  wa ve  cond it ions  a re  use d  cyc lica lly

Va lid a t ion ca se

An example dynamic equillibrium state
achieved in the experiments– Baldock

et. Al 2017



Ve g e t a t io n  Im p le m e n t a t io n  in  t h e  IH2VOF-SED m o d e lVII

1. Exis t ing  im p le m e nta t ion b y Ma ria  Ma za  e t .a l 2013 will b e  m od ifie d  a nd  im p le m e nte d  within the  IH2VOF-SED m od e l

2. Exis t ing  im p le m e nta t ion ha ve  p rovis ion for only im p le m e nt ing  ve g e ta t ion in  d e fine d  re c ta ng u la r sha p e  horizonta lly

3. Provis ion will b e  m a d e  to  inc lud e  ve g e ta t ion a s  com p le x orie nta t ions  a nd  g e om e trie s

Plan motion is 
solved by 
Morrison 
equation

Additional Drag 
force term in the 
governing RANS 

equation

Additonal terms 
in k-Epsilon 

model

Dra g  force  consid e ra t ion in  RANS e q ua t ion

Disp e rs ive  s t re sse s  consid e ra t ion in  K-ε
m od e l

Morrison e q ua t ion for p la nt  m ot ion



Wh a t ’s  Ne xtVIII
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The  curre nt is  be ing  com m unicate d  in RCEM 2025 Confe re nce  to  be  he ld  Barce lona  be twe e n 1st and  5th Se p te m be r 2025

Im ple m e ntation of Structure  and  fina l case  and  subse que nt se cond  se condm e nt in UNIVPM ne xt ye ar

Se condm e nt a t De ltare s to be  p lanne d  from  Se p te m be r 2025 utilizing  the  ve ge ta tion im ple m e ntation

Validating  the  m ode l with the  large  sca le  e xpe rim e nts with ve ge ta tion by C.Astud illo e t.a l 2022

Sche m e  for incorpora ting  ve ge ta tion is  im p le m e nte d  sim ultane ously

Ne xt case  will be  valida ting  the  m ode l with a  m e d ium  scale  e xpe rim e nts by Baldock e t.a l. 2010 and  2017



Th a n k  y o u !
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Outline
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• Sand-mud erosion and initiation of motion
− Study objectives

• Data and framework selection
• Compiled dataset
• Bed type classification
• Conclusions



Sand-mud erosion
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• Sand erosion
• Mud erosion

− Floc erosion
− Surface erosion
− Mass erosion

• Estimating sand-mud erosion requires a 
definition for initiation of motion for both sand
and mud
− 𝐸𝐸 ⁄kg m2s vs 𝜏𝜏𝑏𝑏 Pa
− Definition of 𝜏𝜏𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

• Determining 𝝉𝝉𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 during erosion experiments
remains subjective

Winterwerp, J.C. and Van 
Kesteren, W.G.M. 2004

van Rijn, 2020

Jacobs, 2011

𝜏𝜏𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝜏𝜏𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

Floc Surface
Port of Rotterdam

Yangtze river delta



Sand-mud erosion
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• Current estimation methods for initiation of 
motion are a function of bulk geotechnical 
parameters:
− Bulk or dry density, 𝜌𝜌𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 or 𝜌𝜌𝑑𝑑𝑐𝑐𝑑𝑑
− Median grain size diameter, 𝐷𝐷50
− Mass fraction of mud or silt, 𝑃𝑃𝑚𝑚𝑏𝑏𝑑𝑑 or 𝑃𝑃𝑠𝑠𝑐𝑐𝑏𝑏𝑐𝑐

Mitchener & Torfs, 1996

𝜏𝜏𝑐𝑐𝑐𝑐 = 0.015 𝝆𝝆𝒃𝒃 − 1000 0.73

Van Rijn, 2007

𝜏𝜏𝑐𝑐𝑐𝑐 =
1 + 𝑃𝑃𝑐𝑐𝑏𝑏𝑐𝑐𝑑𝑑

3
𝜏𝜏𝑐𝑐𝑐𝑐,0 : 𝑑𝑑 ≥ 62𝜇𝜇𝜇𝜇

𝑐𝑐𝑔𝑔𝑔𝑔𝑏𝑏
𝑐𝑐𝑔𝑔𝑔𝑔𝑏𝑏,𝑠𝑠

𝑑𝑑𝑠𝑠𝑐𝑐𝑠𝑠𝑑𝑑
𝒅𝒅𝟓𝟓𝟓𝟓

𝛾𝛾

𝜏𝜏𝑐𝑐𝑐𝑐,0 : 𝑑𝑑 < 62𝜇𝜇𝜇𝜇

Wu et al., 2018

𝜏𝜏𝑐𝑐𝑐𝑐 =

1.25𝑷𝑷𝒎𝒎𝒎𝒎𝒅𝒅 𝜏𝜏𝑐𝑐𝑐𝑐,0 − 𝜏𝜏𝑐𝑐𝑐𝑐,𝑚𝑚𝑏𝑏𝑑𝑑 + 𝜏𝜏𝑐𝑐𝑐𝑐,𝑚𝑚𝑏𝑏𝑑𝑑 𝑷𝑷𝒎𝒎𝒎𝒎𝒅𝒅 < 5%

𝜏𝜏𝑐𝑐𝑐𝑐,𝐿𝐿 + 𝜏𝜏𝑐𝑐𝑐𝑐,0 − 𝜏𝜏𝑐𝑐𝑐𝑐,𝐿𝐿 𝑒𝑒𝑒𝑒𝑒𝑒 −𝛼𝛼
𝑃𝑃𝑠𝑠𝑐𝑐𝑠𝑠𝑑𝑑
𝑃𝑃𝑚𝑚𝑏𝑏𝑑𝑑

𝛽𝛽

0 < 𝑷𝑷𝒎𝒎𝒎𝒎𝒅𝒅 < 100%

10.29𝑟𝑟1.7 𝑃𝑃𝑃𝑃𝑟𝑟𝑒𝑒 𝜇𝜇𝑃𝑃𝑑𝑑

Yao et al., 2022

𝜏𝜏𝑐𝑐𝑐𝑐 = �
𝜏𝜏𝑐𝑐𝑐𝑐,0 : 𝑷𝑷𝒔𝒔𝒄𝒄𝒔𝒔𝒄𝒄 ≤ 35%

1 + 𝛽𝛽𝑠𝑠𝑠𝑠 𝜏𝜏𝑐𝑐𝑐𝑐,0 : 𝑷𝑷𝒔𝒔𝒄𝒄𝒔𝒔𝒄𝒄 > 35%



Study objectives
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1. To combine results of sand-mud erosion experiments that used wide variations in clay-silt ratios.
2. To examine a framework that highlights the contribution of each sediment fraction (i.e. sand, silt, 

clay) in the initiation of motion process.



Data selection

6

• Sediment sizes and cohesive properties
• Reported geotechnical parameters
• Flow type
• Calculation of bed shear stress
• Determination of critical bed shear stress

Sediment sizes:
63𝜇𝜇𝜇𝜇 < 𝑑𝑑𝑠𝑠𝑐𝑐𝑠𝑠𝑑𝑑 < 2𝜇𝜇𝜇𝜇
2𝜇𝜇𝜇𝜇 < 𝑑𝑑𝑠𝑠𝑐𝑐𝑏𝑏𝑐𝑐 < 63𝜇𝜇𝜇𝜇

𝑑𝑑𝑐𝑐𝑏𝑏𝑐𝑐𝑑𝑑 < 2𝜇𝜇𝜇𝜇

Cohesive properties:
• Sand: non-cohesive
• Silt: apparently cohesive
• Clay: cohesive

Geotechnical parameters:
• Water content 𝑊𝑊𝑊
• Volume fraction of water 𝜙𝜙𝑤𝑤𝑐𝑐𝑐𝑐𝑔𝑔𝑐𝑐
• Dry bulk density 𝜌𝜌𝑑𝑑𝑐𝑐𝑑𝑑
• Bulk density 𝜌𝜌𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏Straight flume

Annular flume

Boechat Albernaz, et al., 2022

Yao, et al., 2022

Calculating bed shear stress, 𝜏𝜏𝑏𝑏:
• from law of the wall velocity profiles 
• from the measured near-bed turbulence

Calculating critical bed shear stress, 𝜏𝜏𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐:
• visual observation
• extrapolation from the relationship between 

erosion rate and bed shear stress
• threshold erosion rate, 
• threshold suspended sediment concentration value



Framework selection
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• Van Ledden bed types (Van Ledden et al., 2003)
− Based on information from ternary diagram and 

volume fraction of water, 𝜙𝜙𝑤𝑤𝑐𝑐𝑐𝑐𝑔𝑔𝑐𝑐
− Framework characteristics:

1. Cohesion
2. Network structure

• Cohesion
‒ Based on mass fraction of clay
‒ Literature suggests a lower limit of 5-10%

𝑃𝑃𝑐𝑐𝑏𝑏𝑐𝑐𝑑𝑑 = 5 − 10%

0.07

Mass fractions: 1 = 𝑃𝑃𝑠𝑠𝑐𝑐𝑠𝑠𝑑𝑑 + 𝑃𝑃𝑠𝑠𝑐𝑐𝑏𝑏𝑐𝑐 + 𝑃𝑃𝑐𝑐𝑏𝑏𝑐𝑐𝑑𝑑 = 𝑃𝑃𝑠𝑠𝑐𝑐𝑠𝑠𝑑𝑑 + 𝑃𝑃𝑚𝑚𝑏𝑏𝑑𝑑
Volume fractions: 1 = 𝜙𝜙𝑠𝑠𝑐𝑐𝑠𝑠𝑑𝑑 + 𝜙𝜙𝑠𝑠𝑐𝑐𝑏𝑏𝑐𝑐 + 𝜙𝜙𝑐𝑐𝑏𝑏𝑐𝑐𝑑𝑑 + 𝜙𝜙𝑤𝑤𝑐𝑐𝑐𝑐𝑔𝑔𝑐𝑐



Framework selection
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• Network structure
− Interaction of sediment particles and volume 

fraction of water, 𝜙𝜙𝑤𝑤𝑐𝑐𝑐𝑐𝑔𝑔𝑐𝑐.
− Sand-dominated network structure:

𝜙𝜙𝑠𝑠𝑐𝑐𝑠𝑠𝑑𝑑 ≥ 40%
− Silt-dominated network structure:

𝜙𝜙𝑠𝑠𝑐𝑐𝑏𝑏𝑐𝑐
1 − 𝜙𝜙𝑠𝑠𝑐𝑐𝑠𝑠𝑑𝑑

≥ 40%

− Other network structures:
1. Clay-water matrix
2. Mixed structures

𝜙𝜙𝑤𝑤 = 0.4 𝜙𝜙𝑤𝑤 = 0.4

𝜙𝜙𝑤𝑤 = 0.5
𝜙𝜙𝑤𝑤 = 0.5

𝜙𝜙𝑤𝑤 = 0.6
𝜙𝜙𝑤𝑤 = 0.6

Jacobs, 2011 Mass fractions: 1 = 𝑃𝑃𝑠𝑠𝑐𝑐𝑠𝑠𝑑𝑑 + 𝑃𝑃𝑠𝑠𝑐𝑐𝑏𝑏𝑐𝑐 + 𝑃𝑃𝑐𝑐𝑏𝑏𝑐𝑐𝑑𝑑 = 𝑃𝑃𝑠𝑠𝑐𝑐𝑠𝑠𝑑𝑑 + 𝑃𝑃𝑚𝑚𝑏𝑏𝑑𝑑
Volume fractions: 1 = 𝜙𝜙𝑠𝑠𝑐𝑐𝑠𝑠𝑑𝑑 + 𝜙𝜙𝑠𝑠𝑐𝑐𝑏𝑏𝑐𝑐 + 𝜙𝜙𝑐𝑐𝑏𝑏𝑐𝑐𝑑𝑑 + 𝜙𝜙𝑤𝑤𝑐𝑐𝑐𝑐𝑔𝑔𝑐𝑐



Framework selection

9

I

II

III

IV

V

VI

I. Sand-dominated non-cohesive
II. Sand-dominated cohesive
III. Mixed structure non-cohesive
IV. Clay-water matrix cohesive
V. Silt-dominated non-cohesive
VI. Silt-dominated cohesive

Van Ledden bed types
Cohesion

Non-cohesive
𝑃𝑃𝑐𝑐𝑏𝑏𝑐𝑐𝑑𝑑 < 7%

Cohesive
𝑃𝑃𝑐𝑐𝑏𝑏𝑐𝑐𝑑𝑑 ≥ 7%

N
et

w
or

k 
St

ru
ct

ur
e Sand

𝜙𝜙𝑠𝑠𝑐𝑐𝑠𝑠𝑑𝑑 ≥ 40 − 50%

Type 1:
Sand-dominated, non-
cohesive sediment bed

Type 2:
Sand-dominated, cohesive 
sediment bed

Silt
𝜙𝜙𝑠𝑠𝑐𝑐𝑏𝑏𝑐𝑐

1 − 𝜙𝜙𝑠𝑠𝑐𝑐𝑠𝑠𝑑𝑑
≥ 40 − 50%

Type 5:
Silt-dominated, non-
cohesive sediment bed

Type 6:
Silt-dominated, cohesive 
sediment bed

Clay

𝜙𝜙𝑠𝑠𝑐𝑐𝑠𝑠𝑑𝑑 AND
𝜙𝜙𝑠𝑠𝑐𝑐𝑏𝑏𝑐𝑐

1 − 𝜙𝜙𝑠𝑠𝑐𝑐𝑠𝑠𝑑𝑑
< 40 − 50%

Type 3:
Mixed structure, non-
cohesive sediment bed

Type 4:
Clay-water matrix, cohesive 
sediment bed

Mass fractions: 1 = 𝑃𝑃𝑠𝑠𝑐𝑐𝑠𝑠𝑑𝑑 + 𝑃𝑃𝑠𝑠𝑐𝑐𝑏𝑏𝑐𝑐 + 𝑃𝑃𝑐𝑐𝑏𝑏𝑐𝑐𝑑𝑑 = 𝑃𝑃𝑠𝑠𝑐𝑐𝑠𝑠𝑑𝑑 + 𝑃𝑃𝑚𝑚𝑏𝑏𝑑𝑑
Volume fractions: 1 = 𝜙𝜙𝑠𝑠𝑐𝑐𝑠𝑠𝑑𝑑 + 𝜙𝜙𝑠𝑠𝑐𝑐𝑏𝑏𝑐𝑐 + 𝜙𝜙𝑐𝑐𝑏𝑏𝑐𝑐𝑑𝑑 + 𝜙𝜙𝑤𝑤𝑐𝑐𝑐𝑐𝑔𝑔𝑐𝑐



Compiled dataset
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Mass fractions: 1 = 𝑃𝑃𝑠𝑠𝑐𝑐𝑠𝑠𝑑𝑑 + 𝑃𝑃𝑠𝑠𝑐𝑐𝑏𝑏𝑐𝑐 + 𝑃𝑃𝑐𝑐𝑏𝑏𝑐𝑐𝑑𝑑 = 𝑃𝑃𝑠𝑠𝑐𝑐𝑠𝑠𝑑𝑑 + 𝑃𝑃𝑚𝑚𝑏𝑏𝑑𝑑
Volume fractions: 1 = 𝜙𝜙𝑠𝑠𝑐𝑐𝑠𝑠𝑑𝑑 + 𝜙𝜙𝑠𝑠𝑐𝑐𝑏𝑏𝑐𝑐 + 𝜙𝜙𝑐𝑐𝑏𝑏𝑐𝑐𝑑𝑑 + 𝜙𝜙𝑤𝑤𝑐𝑐𝑐𝑐𝑔𝑔𝑐𝑐



Bed type classification
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• Classified dataset:
− Sand-dominated, non-cohesive (I): 54
− Sand-dominated, cohesive (II): 3
− Mixed-structure, non-cohesive (III): 13
− Clay-water matrix, cohesive (IV): 25
− Silt-dominated, non-cohesive (V): 12
− Silt-dominated, cohesive (VI): 0

• Behavior per bed type:
− Median grain size, 𝑑𝑑50
− Mass fraction of mud, 𝑃𝑃𝑚𝑚𝑏𝑏𝑑𝑑

Mass fractions: 1 = 𝑃𝑃𝑠𝑠𝑐𝑐𝑠𝑠𝑑𝑑 + 𝑃𝑃𝑠𝑠𝑐𝑐𝑏𝑏𝑐𝑐 + 𝑃𝑃𝑐𝑐𝑏𝑏𝑐𝑐𝑑𝑑 = 𝑃𝑃𝑠𝑠𝑐𝑐𝑠𝑠𝑑𝑑 + 𝑃𝑃𝑚𝑚𝑏𝑏𝑑𝑑
Volume fractions: 1 = 𝜙𝜙𝑠𝑠𝑐𝑐𝑠𝑠𝑑𝑑 + 𝜙𝜙𝑠𝑠𝑐𝑐𝑏𝑏𝑐𝑐 + 𝜙𝜙𝑐𝑐𝑏𝑏𝑐𝑐𝑑𝑑 + 𝜙𝜙𝑤𝑤𝑐𝑐𝑐𝑐𝑔𝑔𝑐𝑐



Conclusions
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• Built dataset with large spectrum of sand-silt-clay combinations and other bulk geotechnical 
parameters

• Classification into bed types
− Reduced complexity within each bed from a physical basis
− Bed types help focus research on dominant parameters in initiation of motion process
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1. Governing Equations
Calculate the position of each particle (xp, yp) over time using a discrete time-stepping approach 
based on velocity components

𝑥𝑥𝑝𝑝,𝑛𝑛 = 𝑥𝑥𝑝𝑝,𝑛𝑛−1 + 𝑢𝑢𝑝𝑝,𝑛𝑛−1𝛥𝛥𝛥𝛥
𝑦𝑦𝑝𝑝,𝑛𝑛 = 𝑦𝑦𝑝𝑝,𝑛𝑛−1 + 𝑣𝑣𝑝𝑝,𝑛𝑛−1𝛥𝛥𝛥𝛥

 up and vp are velocity components at the particle’s location,
 Δt is the time step.

This method follows the Lagrangian approach, meaning we track individual particles as they
move with the flow.

2. Boundary Conditions
To ensure realistic movement:
 Inside the estuary: 
 Outside the estuary: 
If a particle hits the shoreline (yp outside bounds),
it reflects back within valid limits.
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Forces Formula Dependent Parameters
Drag

Inertia 

𝐹𝐹𝐷𝐷 =
1
2
𝜌𝜌 𝐶𝐶𝐷𝐷𝐷𝐷𝑝𝑝𝐿𝐿𝑝𝑝𝑈𝑈 ∣ 𝑈𝑈 ∣ cos𝛼𝛼

𝐹𝐹𝐼𝐼 =
𝜋𝜋
4
𝜌𝜌 𝐶𝐶𝑀𝑀𝐷𝐷𝑝𝑝2𝐿𝐿𝑝𝑝

𝜕𝜕𝑈𝑈
𝜕𝜕𝛥𝛥

𝑐𝑐𝑐𝑐𝑠𝑠 𝛼𝛼

𝜌𝜌𝑓𝑓, 𝐷𝐷𝑝𝑝, 𝐿𝐿𝑝𝑝, 𝑈𝑈

𝜌𝜌𝑓𝑓, 𝐷𝐷𝑝𝑝, 𝐿𝐿𝑝𝑝, 𝑈𝑈

Lift 𝐹𝐹𝐿𝐿 =
1
2
𝜌𝜌 𝐶𝐶𝐿𝐿𝐷𝐷𝑝𝑝𝐿𝐿𝑝𝑝𝑈𝑈 ∣ 𝑈𝑈 ∣ cos𝛼𝛼 𝜌𝜌𝑓𝑓, 𝐷𝐷𝑝𝑝, 𝐿𝐿𝑝𝑝, 𝑈𝑈

Forces acting on woods (Murphy et al 2025)

𝐹𝐹𝐻𝐻 = 𝐹𝐹𝐷𝐷 + 𝐹𝐹𝐼𝐼

 In WOODRIFTSIM, 𝑈𝑈𝑝𝑝 is calculated as:

𝑢𝑢𝑝𝑝 = 𝑢𝑢 𝑥𝑥𝑝𝑝,𝑦𝑦𝑝𝑝, 𝛥𝛥 , 𝑣𝑣𝑝𝑝 = 𝑣𝑣 𝑥𝑥𝑝𝑝,𝑦𝑦𝑝𝑝, 𝛥𝛥 ,𝑤𝑤𝑝𝑝 = 0

 u and v are the fluid velocity components interpolated from the hydrodynamic model at the particle location. 
 wp=0 because driftwood is assumed buoyant and remains at the water surface.

CD=drag coefficient;
CM=inertia coefficient;
U=local velocity (including the wave
induced current);
α=angle between the local velocity vector
and the long axis of the driftwood.
CL=lift coefficient

The displacement of each particle: 

 𝐴𝐴𝐴𝐴𝑣𝑣 = 𝑈𝑈𝑝𝑝 𝑈𝑈𝑝𝑝 = 𝑈𝑈(𝑥𝑥,𝑦𝑦, 𝑧𝑧, 𝛥𝛥)

 𝐷𝐷𝐷𝐷𝑠𝑠𝐷𝐷 = 𝑅𝑅
Δ𝑡𝑡

2𝐾𝐾∆𝛥𝛥

• 𝑈𝑈𝑝𝑝 : The deterministic component is based on
the Eulerian flow field (fluid velocity),

• 𝑅𝑅 : Random number from a normal distribution,
• 𝐾𝐾 : Eddy diffusivity or dispersion coefficient
from the hydrodynamic model,

• 𝛥𝛥𝛥𝛥 : Time step

2



3

θ= bed slope in the direction of in-line forces acting on the driftwood,
μ = a coefficient of (static or dynamic) friction.

Fμ acts in the opposing direction to the resultant destabilizing force parallel to the bed, which is the

sum of the inline (drag and inertia) forces and the net buoyancy/gravitational component parallel to

the bed: (FD+FI+(Fg−FB)sinθ).

 The stabilizing frictional force mobilized at the sloping bed is the product of the normal force at
the wood–bed interface, FN.

Forces Formula
Friction 𝐹𝐹𝜇𝜇 = 𝜇𝜇 𝐹𝐹𝑁𝑁

𝐹𝐹𝑁𝑁 = 𝐹𝐹𝑔𝑔 − 𝐹𝐹𝐵𝐵 cos 𝜃𝜃 − 𝐹𝐹𝐿𝐿

Lift

Buoyancy

𝐹𝐹𝐿𝐿 =
1
2
𝜌𝜌 𝐶𝐶𝐿𝐿𝐷𝐷𝑝𝑝𝐿𝐿𝑝𝑝𝑈𝑈 ∣ 𝑈𝑈 ∣ cos𝛼𝛼

𝐹𝐹𝐵𝐵 = 𝜌𝜌𝜌𝜌𝐴𝐴𝑠𝑠𝐿𝐿𝑝𝑝



Condition:

 If |Fμ|≥|FD +FI +(Fg −FB)sinθ|, the driftwood is beached and stationary; all associated particles 

retain their positions at the next time step.

 If |Fμ| < |FD + FI + (Fg − FB)sinθ| and |FD+FI|>|(Fg−FB)sinθ|, contact with the bed does not

result in beaching, wave-driven hydrodynamics, control driftwood motion, and particles are

advected and dispersed.

 If |Fμ| < |FD+ FI +(Fg −FB)sinθ| and |FD+FI|≤|(Fg−FB)sin θ|, the beached driftwood motion is

controlled by gravity (i.e., sliding or rolling), and particles are translated at a velocity determined

by the resultant net force and Newton’s second law :

𝑈𝑈𝑝𝑝 =
∣ 𝐹𝐹𝑔𝑔 − 𝐹𝐹𝐵𝐵 𝑠𝑠𝐷𝐷 𝑛𝑛 𝜃𝜃 ∣ ± ∣ 𝐹𝐹𝐷𝐷 + 𝐹𝐹𝐼𝐼 ∣−∣ 𝐹𝐹𝜇𝜇 ∣

𝜌𝜌𝐷𝐷
𝜋𝜋𝐷𝐷𝑝𝑝2

4 𝐿𝐿𝑝𝑝

𝑥𝑥𝑝𝑝,𝑛𝑛 = 𝑥𝑥𝑝𝑝,𝑛𝑛−1 + 𝑢𝑢𝑝𝑝,𝑛𝑛−1𝛥𝛥𝛥𝛥
𝑦𝑦𝑝𝑝,𝑛𝑛 = 𝑦𝑦𝑝𝑝,𝑛𝑛−1 + 𝑣𝑣𝑝𝑝,𝑛𝑛−1𝛥𝛥𝛥𝛥
𝑧𝑧𝑝𝑝,𝑛𝑛 = 𝑧𝑧𝑝𝑝,𝑛𝑛−1 + 𝑤𝑤𝑝𝑝,𝑛𝑛−1𝛥𝛥𝛥𝛥

The particle displacement over one time-step is:



 Releasing particles at the same location (x0=270, y0=75) , u= 0.6  m/s

Number of particles = 5
density (kg/m³) ρ_(wood) = [600, 1100, 1800, 2100, 2500]; 
diameter (m), Dp = [0.002, 0.002, 0.002, 0.002, 0.002]; 
length (m), Lp = [0.002, 0.002, 0.002, 0.002, 0.002]; 



Total Distance Traveled by Each Particle (Sorted: Most to Least):
Particle 1 (ρ_(wood) = 600.0 kg/m³, Dp = Lp = 0.002 m): 44886.41 m
Particle 2 (ρ_(wood) = 1100.0 kg/m³, Dp = Lp = 0.002 m): 1415.73 m
Particle 3 (ρ_(wood) = 1800.0 kg/m³, Dp = Lp = 0.002 m): 1106.49 m
Particle 4 (ρ_(wood) = 2100.0 kg/m³, Dp = Lp = 0.002 m): 996.64 m
Particle 5 (ρ_(wood) = 2500.0 kg/m³, Dp =  Lp = 0.002 m): 716.87 m

(x0=270, y0=75),  u= 0.6  m/s



(x0=270, y0=75),  u= 0.6  m/s

Number of particles = 5
density (kg/m³) ρ_(wood) = [600, 600, 600, 600, 600] ; less than water density
diameter (m), Dp = [0.001, 0.002, 0.003, 0.004, 0.005]; 
length (m), Lp = [0.001, 0.002, 0.003, 0.004, 0.005];



(x0=270, y0=75),  u= 0.6  m/s

Total Distance Traveled by Each Particle (Sorted: Most to Least):
Particle 1 (ρ_(wood) = 600.0 kg/m³, Dp = Lp = 0.001 m): 53559.20 m
Particle 2 (ρ_(wood) = 600.0 kg/m³, Dp = Lp = 0.002 m): 44886.41 m
Particle 3 (ρ_(wood) = 600.0 kg/m³, Dp = Lp = 0.003 m): 43126.75 m
Particle 4 (ρ_(wood) = 600.0 kg/m³, Dp = Lp = 0.004 m): 41016.10 m
Particle 5 (ρ_(wood) = 600.0 kg/m³, Dp = Lp = 0.005 m): 37008.42 m



(x0=270, y0=75),  u= 0.6  m/s

Number of particles = 5
density (kg/m³) ρ_(wood) = [1800, 1800, 1800, 1800, 1800] ; more than water density
diameter (m), Dp = [0.001, 0.002, 0.003, 0.004, 0.005]; 
length (m), Lp = [0.001, 0.002, 0.003, 0.004, 0.005]; 



Total Distance Traveled by Each Particle (Sorted: Most to Least):
Particle 1 (ρ_(wood) = 1800.0 kg/m³, Dp = Lp = 0.001 m): 1124.14 m
Particle 2 (ρ_(wood) = 1800.0 kg/m³, Dp = Lp = 0.002 m): 1106.49 m
Particle 3 (ρ_(wood) = 1800.0 kg/m³, Dp = Lp = 0.003 m): 983.11 m
Particle 4 (ρ_(wood) = 1800.0 kg/m³, Dp = Lp = 0.004 m): 721.39 m
Particle 5 (ρ_(wood) = 1800.0 kg/m³, Dp = Lp = 0.005 m): 685.89 m

(x0=270, y0=75),  u= 0.6  m/s



• Higher Density Particles:
o Experience stronger gravitational pull, leading to faster settling.
o Have lower buoyancy forces, making them sink faster. 
o Travel shorter distances before settling at the bottom.

• Lower Density Particles:
o Remain suspended longer due to higher buoyancy.
o Travel farther as they are carried by currents before settling. 
o Are more influenced by turbulent flow and diffusion.

Effect of Changing Particle Density



• Larger Particles:
o Have greater mass and higher settling velocity, sinking quickly.
o Experience stronger drag, limiting their horizontal transport.
o Settle closer to the source.
• Smaller Particles:
o Are more affected by drag and turbulence, staying in suspension longer.
o Travel farther before settling.
o Are more likely to be carried by estuarine flows.

Effect of Changing Particle Diameter



Summary

 Impact on Distance Traveled

The combination of density and diameter determines whether a particle moves short distances 

(settling quickly) or long distances (remaining in suspension).

 High-Density, Large Particles → Short Distance

 Low-Density, Small Particles → Long Distance

By varying density and diameter, we can predict how different particles will move in water

environments.

 This understanding is essential for sediment transport modeling, environmental protection,

and predicting pollutant dispersion.



Next Steps

Validation step is crucial to ensure that the script can be used confidently for practical applications

in coastal engineering and environmental analysis.

o Apply this model to a real case study, comparing the model’s predicted trajectories with

observed or simulated particles paths,

o Assess the accuracy of the approach and refine the model parameters as needed.

o Consider the effect of wave on travelled distance of particles.

 Reference: Murphy, E., Cornett, A., Nistor, I., & Pilechi, A. (2025). Development and Experimental Validation of a Lagrangian Particle-
Tracking Model to Simulate Wave-Driven Transport of Coastal Driftwood. Journal of Waterway, Port, Coastal, and Ocean Engineering,
151(3), 04025003.

 olabarrieta, m., geyer, w.r., & kumar, n. (2014). the role of morphology and wave-current interaction at tidal inlets: an idealized modeling
analysis, journal of geophysical research: oceans. 119(12), 8818–8837.
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• Force balance in a system involving a submerged circular segment:

 The equation is derived based on the assumption that the submerged cross-sectional area (As)​ is 
equal to the area of a circular segment.

 The force balance likely considers buoyancy forces acting on the submerged portion of the circle.
 The goal is to determine 𝐴𝐴𝐷𝐷, the depth of submergence.

Setting the submerged cross-sectional area, As, equal to the area
of a circular segment in the force balance then yields [Fig. 4(a)].
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Scour Phenomenon

3

Hydrodynamic Forces
• Flow Acceleration : 

• Structures disrupt flow, creating high-velocity zones and turbulence. 
• Flow accelerates around the structures, increasing bed shear stress.

• Vortex Formation : 
• Horseshoe vortices at the base of structures erode sediment.
• Wake vortices downstream deepen scour holes.

Sediment Transport Dynamics
• Erosion : High shear stress lifts sediment particles into suspension.
• Deposition : Sediment settles in low-energy zones (e.g., downstream of structures).



sedFoam: Methodology

4

• Obtaining the transport properties of 
sand and water phase used in Flumes 
experiment.

• Use the geometrical dimensions of 
cofferdam models.

• Using the input flow velocity

Two-phase Eulerian 
RANS OpenFOAM

Inputs Solver Outputs

Experimental 
Data

Scour Depth

• Estimation of volume fraction of 
water and sand to predict the bed 
formation.

• Comparison with experiments

• Creating 3D domain

• Using sedFoam :

• Granular Rheology properties (muI)

• Interfacial properties (drag model)

• Transport properties

• Modified Two-phase RAS equations



Main Features
Closure Models for Stress Tensors

5

• Turbulence Models
• SedFoam uses different turbulence closures for fluid flow, such as k-ϵ, k-ω, and a simple mixing length 

model, to capture the effects of turbulent eddies on sediment transport. 

• Granular Stress Models
• SedFoam implements granular stress models to simulate dense granular flows. The kinetic theory of 

granular flows and the μ(I)-rheology (derived from the Jop et al., 2006 model) are commonly used. 
• In dense flows, the granular stress is influenced by particle-particle collisions and inter-particle 

friction, represented by the effective viscosity, which is a function of the shear rate and pressure.
• Unlike the kinetic theory of granular flows (which works well for dilute conditions), the μ(I) rheology is 

phenomenological and based on dimensional analysis, focusing on frictional contacts.

Dynamic 
Friction 

Coefficient

Inertial 
Number

Deviatoric Strain Rate Tensor :
Represents the deformation rate



Results
Sand bed after 1hr, U = 0.244 m/s

6

Flow Direction
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Results
Different cofferdam geometries
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A B C FED



Max Scour and Max Accretion
After 900 seconds, U = 0.17m/s

8

A B C

FED Smax = 0.0267mSmax = 0.0247m

Smax = 0.0250m Smax = 0.0128 m

Smax = 0.0165m

Smax = 0.0245m
Amax = 0.0121m Amax = 0.0215m Amax = 0.0067m

Amax = 0.0108m Amax = 0.0211m

Amax = 0.0210m



Bed Shear Stress
After 450 seconds, U = 0.17 m/s
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Bed Shear Stress
After 450 seconds, U = 0.17 m/s
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sedInterFoam: Methodology
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• Obtaining the transport properties of 
sand and water phase used in Flumes 
experiment.

• Use the geometrical dimensions of 
monopile models.

• Using the 3 input flow velocities

Three-phase Eulerian 
RANS OpenFOAM

Inputs Solver Outputs

Experimental 
Data

Scour Depth

• Estimation of volume fraction of 
water and sand to predict the bed 
formation.

• Comparison with experiments

• Creating 3D domain

• Using sedInterFoam :

• VOF for water-air interface

• Granular Rheology properties (muI)

• Interfacial properties (drag model)

• Transport properties

• Modified Two-phase RAS equations



Preliminary Results (Current only)
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Smax = 0.0097m at 80 degrees
Smax_exp = 0.0095m at 110 degrees

0°

90°

180°

270°



Conclusions
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• sedFoam Validation :
• Successfully captured scour patterns around cofferdams.
• Demonstrated the role of turbulence models (k-ω ) and granular rheology (μ(I)-model ) in simulating bed 

evolution.

• sedInterFoam Preliminary Results :
• Initial validation for monopile scour under currents showed close agreement with experiments.
• Highlighted the importance of VOF for air-water interface tracking in three-phase flows.



Future Work
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• Vortex Dynamics and Flow Structures :
• Use Q-criterion and λ2-method to analyse vortex evolution and its impact on sediment mobilization, 

enhancing understanding of scour mechanics.

• Wave-Current Interaction Modeling :
• Expand Case 2 (monopile scour) to include combined wave-current interactions using waves2Foam for 

wave generation.
• Investigate turbulence-sediment coupling under cyclic wave loading to refine predictions of vortex 

shedding and horseshoe vortex dynamics.

• Field-Scale Applications :
• Scale simulations to real-world scenarios by integrating bathymetric and hydrodynamic field data.
• Validate against field measurements to assess model robustness in complex environments.



Dissemination
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• Conference Presentations and Proceedings
• Upcoming: Paper presentation at Coastal Dynamics 2025, Aveiro, Portugal.  Tiwari, N., Knaapen, M., 

Haeri, S., & Whitehouse, R. (2025, April 7–11). Numerical modelling for scour near cofferdams using 
Eulerian two-phase flow model.

• Outreach Activities
• Completed: Presentation at ARC conference at The Open University in Milton Keynes, UK (2024, 27–

28 Nov)



Thank You
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The project has received funding from Horizon Europe Marie Skłodowska-Curie Actions, Grant
Agreement no. 101072443 - SEDIMARE. Experimental data is taken from the Fast Flow Facility at
Froude Modelling Hall, HR Wallingford Ltd.
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Processing SGS Data
 SGS (Sena Gallica Speculator) is a fixed multi-camera monitoring system.

- 10 mins recording for each 60 mins. 
- 5 cameras, 2 Hz sampling rate. 

1
2
3
4

5

13

45
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Processing SGS Data
 SGS (Sena Gallica Speculator) is a fixed multi-camera monitoring system.

- Images need to be orthorectified for geometric consistency.
- Quantitative Coastal Imaging Toolbox is utilized to complete the procedure*. 

13

45

[Bruder & Brodie, 2020, https://doi.org/10.1016/j.softx.2020.100582]
3



Processing SGS Data
 SGS (Sena Gallica Speculator) is a fixed multi-camera monitoring system.

- Grids and stacks are extracted from the processed images.

[Bruder & Brodie, 2020, https://doi.org/10.1016/j.softx.2020.100582]
4



Processing SGS Data
 SGS (Sena Gallica Speculator) is a fixed multi-camera monitoring system.

- Quality assessment is done by comparing bathymetry result to field observation 
and results from X-Band RADAR (XBR).

5



Framework for Nearshore Dynamics

Observation
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Framework for Nearshore Dynamics

Observation

7



Processing SGS Data
 Image processing with SGS data to extract information 

- Small patch is chosen.
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Processing SGS Data
 Image processing with SGS data to extract information 

- Small patch is chosen.
- Time-stacked image is created(---).
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Processing SGS Data
 Image processing with SGS data to extract information 

- Data is smoothed to eliminate noise (cubic smoothing spline, csaps).

III
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Processing SGS Data
 Image processing with SGS data to extract information 

- Data is smoothed to eliminate noise (cubic smoothing spline, csaps).
- f-k spectrum is obtained by FFT
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Processing SGS Data
 Image processing with SGS data to extract information 

- Data is smoothed to eliminate noise (cubic smoothing spline, csaps).
- f-k spectrum is obtained by FFT
- Maxima locations are extracted and fitted with 3° order polynomial. 
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Processing SGS Data
 Image processing with SGS data to extract information 

- Data is smoothed to eliminate noise (cubic smoothing spline, csaps).
- f-k spectrum is obtained by FFT
- Maxima locations are extracted and fitted with 3° order polynomial. 
- Celerity is calculated by 𝐶𝐶 = 𝜔𝜔/𝑘𝑘

13



Celerity by Wave Crest Tracking
 Development of a tracking algorithm 

- Two gradient matrices based on different thresholds.
- FX2: Identification of dominant gradients.
- FX: Collection of sample points.  

Data FX: Gradient (<-25) FX2: Gradient (<-70)

14



Celerity by Wave Crest Tracking
 Development of a tracking algorithm 

- Two gradient matrices based on different thresholds.
- FX2: Identification of dominant gradients.
- FX: Collection of sample points. 
- Radon transformation to determine feed angle.  

FX: Gradient (<-25) Radon energy variance

Feed angle 15



Celerity by Wave Crest Tracking
 Development of a tracking algorithm 

- Approximation line constructed based on feed angle.

16



Celerity by Wave Crest Tracking
 Development of a tracking algorithm 

- Approximation line constructed based on feed angle.
- Fitted 2nd order polynomials for X[m], T[s] relation (displacement, velocity, acceleration).
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Celerity by Wave Crest Tracking
 Development of a tracking algorithm 

- Approximation line constructed based on feed angle.
- Fitted 2nd order polynomials for X[m], T[s] (elapsed time) relation (displacement, celerity, 

acceleration).
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What is Next?

200 220 240 260 280 300 320 340 360 380 400
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𝜎𝜎 = 𝜔𝜔 − 𝑘𝑘𝑈𝑈 Doppler shift

 Coupling information between methodologies.
 Flow field estimation by wave-current interaction.
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What is Next?
 Coupling information between methodologies.
 Flow field estimation by wave-current interaction.
 Increasing sampling to work on 2D evolution of 

characteristics from offshore to nearshore. 
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What is Next?
 Coupling information between methodologies.
 Flow field estimation by wave-current interaction.
 Increasing sampling to work on 2D evolution of 

characteristics from offshore to nearshore. 
 Investigation on incorporation and combination of Artificial 

Intelligence (AI) to enhance performance 

Observation

?

21
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In nature, especially in coastal and fluvial systems, most of sediments are mixes 
of sand and fines (clay and silt).

Mudflat, Wadden Sea, Netherlands. Satellite images of the Mekong 
Delta taken by Envisat

Silty sediments in Mekong Delta, Vietnam
[Photo by MangLub project]

Recently, there have been more studies focusing on the transport of sand-mud
mixtures. However, most of these studies treated clay and silt collectively as
mud (Mitchener and Torfs, 1996; Van Ledden, 2003; Jacobs, 2011; Winterwerp et al.,
2012; Colina Alonso et al., 2023).
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1. Introduction



2000
µm

634

SAND

2

Non-
cohesive

SILT

Apparently 
cohesive

Large RD (grain-
size ratio)

Small RD

Normalized mobility (logarithmic scale), with varying 
grain-size ratio (Staudt et al., 2019)

1. Introduction



1. Introduction

Hydrodynamics (waves, currents)
Sediment composition, grain size

Ripples geometry, 
migration

Field examples of 2D–3D ripples (percentages 
denote subsurface mudcontents, the scale bar is 

200 mm long (Baas et al., 2019)

3



RQ1: What is the effect of silt (e.g., silt contents, grain-size ratio, compaction
of the bed) on the initial motion of sand-silt mixtures?

RQ2: What is the effect of silt on the transport processes of sand-silt mixtures?

RQ3: What are the effects of silt and sand-silt interactions on the development and geometry of bedforms?

2. Sand-silt experiments

Previous preparatory experiment in the Mini tunnel

Observations

Experiences

4

Pure-sand (after 550 cycles)

SaCs40 (after 550 cycles)

SaMs20 (after 650 cycles)



Sediment 
fractions

D10 (µm) D16 (µm) D50 (µm) D84 (µm) D90 (µm) 𝜎𝜎𝑔𝑔 (-)

Medium silt 21.90 24.12 30.95 37.62 39.27 1.25

Coarse silt 40.17 42.30 51.76 62.90 66.54 1.22

Sand 117.03 123.09 144.34 167.49 173.15 1.17

2. Sand-silt experiments

Glass Bead is  a  chem ically ine rt soda  lim e  
glass tha t is  round  in  shape , we ll-sort in  
d istribu tion  and  has m ain  com position  is 
silica  (𝜌𝜌𝑠𝑠 = 2500 kg/m 3).

Particle-size distributions of glass beads using a laser 
diffraction particle size analyzer (Beckman Coulter 

LS13320)

5



Sand SMS SCS

4s 6s

20% 40%

4s 6s4s

20% 40%

4s 6s4s

0%

Sediment 
fractions

Silt contents

Flow periods

Flow velocities All will be tested with three velocities conditions: 0.2, 0.3 and 0.4 m/s.
=> In total, there will be 24 tests excluding some repetitions.

2. Sand-silt experiments

6

Experimental conditions



MWL

φ
75

0

MWL

10 m

PISTON

TEST SECTTIONHYDRAULIC CYLINDER CHANGE OF SECTION

6 m

PERMANENT FILLER LAYER

1.0 m 1.0 m0.5 m 7

0.15 m Glass beads

Tunnel roof

RAMP
0.25 m

0.5 m
𝑥𝑥

𝑧𝑧
𝑦𝑦

𝑧𝑧

0.3 m

Cross section

2. Sand-silt experiments



MWL

φ
75

0

MWL

10 m

PISTON

TEST SECTTIONHYDRAULIC CYLINDER CHANGE OF SECTION

6 m

PERMANENT FILLER LAYER

8

SRP (Sand Ripple Profiler)

LBP (Laser Bed Profiler)

2. Sand-silt experiments

Study bedform development



2. Sand-silt experiments

(a) In-house built Laser Bed 
Profiler; (b) top view of the LBP 

(Boscia, 2021)

(c) Sand Ripple Profiler head probe; 
(d) SRP tunnel mounting (pictures 

taken from Boscia (2021))c) d)
9



MWL

φ
75

0

MWL

10 m

PISTON

TEST SECTTIONHYDRAULIC CYLINDER CHANGE OF SECTION

6 m

PERMANENT FILLER LAYER

10

Laser system
Ubertone (commercial ACVP – Acoustic 

Concentration and Velocity Profiler)

ABS (Acoustic 
Backscatter System)

TSS (Transverse Suction System)

Detailed measurements of 
velocity and SSC after the bed 
reaches its equilibrium state

2. Sand-silt experiments



(a) TSS nozzles in position in the tunnel. 
(b) Peristaltic pump (Boscia, 2021)

UB-Lab 2C main components (Boscia, 2021) 

2. Sand-silt experiments

11



2. Sand-silt experiments

Experiment phase Instruments Output Research question

Phase 1 Ubertone, ABS, TSS, 
camera

SSC and velocity profiles, videos. RQ1: Initiation motions

Phase 2 SRP, LBP Time-varying, pre- and post 
experiment bed levels

RQ3: Development and 
geometry of bedforms

Phase 3 Ubertone, ABS, TSS, LBP SSC and velocity profiles, sand 
mass from traps in two ends

RQ2: Transport processes 

12



3. Conclusion

• There is still a lack of knowledge about the effect of silt on transport and ripple characteristics 
in sand-silt mixtures.

• There are very few experimental studies on the development of ripples in sand-silt mixed beds.

We are now working on the main experiment and expect to finish it by July 2025.

13
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Overview

1. Problem investigation
2. Research objective and steps
3. Methodology
4. Planning

Ebrahimi et al. (2024)
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Dam breaching
Research objective and steps PlanningMethodologyProblem investigation

image by Mrs. Eunice Olson, courtesy of A. G. Sylvester ASCE Review Panel 2007
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Main causes: overtopping and piping
Research objective and steps PlanningMethodologyProblem investigation

Hanson et al. (2010)Hanson et al. (2005)

and piping
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Overtopping dam breaching
Research objective and steps PlanningMethodologyProblem investigation

dam breach process of Sheyuegou Dam in China

Side view Downstream view
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Overtopping dam breaching experiments
Research objective and steps PlanningMethodologyProblem investigation

Scale Cohesion

Hydraulic forcing Measurements

• Small scale < 1m
• Medium scale 1m – 3m
• Large scale > 3m

• Non-cohesive
• Cohesive
• Wide grain size distribution

• Constant inflow
• Constant upstream water level

• Photogrammetry
• Laser-sheet 
• Ultrasonic gauges
• …
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Problem statement
Research objective and steps PlanningMethodologyProblem investigation

Key challenges
• Lack of parameterization
• Differences in experiment setups
• Lack of systematic criteria 
• Challenge of measuring the key variables

Consequences
• Hindered model calibration and validation
• Reduced comparability of results
• Difficult in deriving reliable and generalized conclusions 

Problem
Absence of systematic guidelines for overtopping dam breaching experiments to repeat the same experiment



8Research objective and steps PlanningMethodologyProblem investigation

Main goal:
Develop systematic guidelines for overtopping dam breaching 

experiments to standardize experimental setup procedures and provide 
clear decision criteria, ensuring experiments provide reliable, comparable, 

and sufficient data for numerical model calibration and validation.



9Research objective and steps PlanningMethodologyProblem investigation

Design step 1: What are the current practices and methodologies used in dam breaching 
experiments?

Design step 2: How can dam breaching experiments be systematically designed to better 
support numerical modelling?

Design step 3: Do the guidelines clearly explain how to design dam breaching experiments 
and provide parameters for modelling?



10Research objective and steps PlanningMethodologyProblem investigation

Engineering
Cycle

D4 Treatment Implementation

D1/D5 Problem Investigation / 
Implementation Evaluation

D2 Treatment Design

D3 Design Validation

- Stakeholders? Goals?
- Mechanisms? Effects?
- Lack of contribution to goals?

- Specify requirements!
- Requirements contribute to goals?
- Available treatments?
- Design new ones!

- Effects of treatment in this context?
- Effects satisfy requirements?
- Trade-offs?
- Sensitivity for different contexts?

- Utilize in practice!



11Research objective and steps PlanningMethodologyProblem investigation

Design step 1: What are the current practices and methodologies used in dam breaching 
experiments?
a. How are current experiments designed and measurements conducted?

Small scale 
Non-cohesive
Constant inflow
Laser-sheet, Current meter and Water level gaugues

Medium scale
Non-cohesive
Constant water level or constant inflow
Photogrammetry, Pore pressure, Hydrostatic and Ultrasonic gauges

Ebrahimi et al. (2024)Delpierre et al. (2024)



12Research objective and steps PlanningMethodologyProblem investigation

Design step 1: What are the current practices and methodologies used in dam breaching 
experiments?
b. What parameters are required to meet the needs of different types of numerical modelling?

Dam breaching numerical model

Breaching formation model

Downstream morphodynamics model

DAMBRK (Fread, 1984) 

BREACH (Singh & Scarlatos, 1988)

3Di

Chen et al. (2015)

Zhang et al. (2024)

flow discharge

water depth

breach width and depth

erosion rates 

sediment concentrations

 flow patterns

downstream bed evolution



13Research objective and steps PlanningMethodologyProblem investigation

Design step 2: How can dam breaching experiments be systematically designed to better 
support numerical modelling?
a. How can experimental dimensions be defined, and how can data from different scales be normalized?

Scale

Discharge scale

Length scale

Velocity scale

Time scale

Sediment scale

`

𝜆𝜆𝑉𝑉 = 𝜆𝜆𝐿𝐿0.5

𝜆𝜆𝑡𝑡 = 𝜆𝜆𝐿𝐿0.5

𝜆𝜆𝑄𝑄 = 𝜆𝜆𝐿𝐿2.5

𝜆𝜆𝐿𝐿 =
𝐿𝐿𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

𝐿𝐿𝑝𝑝𝑝𝑝𝑚𝑚𝑡𝑡𝑚𝑚𝑡𝑡𝑝𝑝𝑝𝑝𝑚𝑚

Dynamic similarity: Froude similarity

𝐹𝐹𝐹𝐹 =
𝑉𝑉
𝑔𝑔𝐿𝐿



14Research objective and steps PlanningMethodologyProblem investigation

Design step 2: How can dam breaching experiments be systematically designed to better 
support numerical modelling?
b. How can measurement settings and techniques be effectively selected?

c. What procedural steps are necessary to ensure experimental setups are consistent, reliable, and reproducible?

Procedural steps

`Calibrating
measurements

Construction dams

Controlling 
hydraulic forces



15Research objective and steps PlanningMethodologyProblem investigation

Design step 3: Do the guidelines clearly explain how to design dam breaching experiments 
and provide parameters for modelling?
a. How effectively does the guidelines provide a systematic approach to designing dam breaching experiments with 
comparable results across different scales?

b. To what extent do the experimental results provide sufficient parameters for calibration and validation of numerical 
models?

`Experimental 
guidelines

Future researcher

Modelling user

Technical teams

Validation

• Reliability
• Repeatability
• Scalability
• Feasibility
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Sediment transport shapes 
coastlines, sustains 

ecosystems, and challenges 
engineering—

understanding its dynamics 
is key to predicting and 
managing our changing 

environment.
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Sediment-laden flow is characterized by unsteady, 
highly dense sediment concentrations and vertical 

stratification. 

High-density sediment-laden flows is common in 
natural systems like rivers, deltas and coastal 

environments, and it can be initiated by natural or 
anthropogenic factors in the marine environment, 

such as: 
Tsunamis, Earthquakes, Storms waves, 

Submarine Landslides, Dredging.  

High-Density Sediment Laden Flow
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High Density Sediment Laden 

Debris Flow Turbidity Flow Sheet Flow



5

Threats of High-Density Sediment Laden

Gao, F., & Qi, W. (2022).

Damage Power Cables and 
Pipelines

Turbidity currents
debris flows
submarine landslides 

Shoreline Retreat or Dune 
Instability

Storm induced sheet flow

Local Scour hole around 
Infrastructures 
Waves-induced flow
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Sheet flow occurs when intense shear stress 
mobilizes a dense, near-bed sediment layer, 
creating a high-concentration transport regime.

1. Vertical Density Structure
•Composed of two layers:

• A dense, mobile sediment layer near the 
bed.

• An upper clearer water layer free of 
sediment

2. Velocity Profile
•Near-bed velocity is close to zero, increasing with 
height.
•Logarithmic velocity distribution in the water 
layer.
•More linear velocity profile within the transport 
layer.
3. Dilatancy & Particle Mobility

Sheet Flow: High-
Density Sediment Flow

z

h

u
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Process Governing Vertical layer
Granular Dilatancy 

Dilatancy refers to the increase in volume or expansion of the sediment 
matrix when the sediment undergoes shear deformation.

Key Factors Affecting Flow Dynamics:
Inflow of water

2. Suspension
As the sediment undergoes shear deformation, fine 

particles may become suspended in the flow

3. Vertical Mass and Momentum Exchange
The exchange of mass and momentum between the 

sediment bed and the overlying fluid layer impacts the 
velocity profile of the flow.

1. Pore Pressure Relaxation Effect 
When sediment is sheared, pore pressure can fluctuate. 

Relaxation of pore pressure may reduce resistance between 
particles, facilitating flow in the sediment bed.
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Turbidity currents are sustained by a density contrast between 
sediment-laden water and the surrounding fluid, allowing them 
to propagate under gravity.
1. Density Stratification
•The leading edge of the flow has a high sediment 
concentration, creating a sharp density contrast with ambient 
water.
•Suspended particles generate a vertical density gradient, 
influencing flow stability and mixing.
2. Velocity Profile
•The flow follows a layered velocity structure.
•Maximum velocity occurs at an intermediate depth, rather 
than at the bed or surface.
3. Entrainment of Water and Particles
•The current entrains ambient water, altering its density and 
momentum.
•Sediment resuspension and settling continuously adjust the 
flow’s composition and behavior.

Turbidity Flow: Gravity-Driven Sediment Transport
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Laboratory experiments

Methods to study High-density Sediment Flow

Lock-exchange Experiment Lock-release Experiment
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Laboratory experiments

Methods to study High-density Sediment Flow

Electric 
Jack

Tilted 
channel

1500 
m

m

Inlet
Water 
pump

Voronoi Pattern-based For Particle 
Tracking



Two-layer Shallow water Model
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Modelling the Sediment Transport

𝜕𝜕ℎ𝑤𝑤
𝜕𝜕𝑡𝑡

+ 𝜕𝜕(ℎ𝑤𝑤𝑢𝑢𝑤𝑤)
𝜕𝜕𝑥𝑥

= 0

𝜕𝜕ℎ𝑠𝑠
𝜕𝜕𝑡𝑡

+ 𝜕𝜕(ℎ𝑠𝑠𝑢𝑢𝑠𝑠)
𝜕𝜕𝑥𝑥

= 0

𝜕𝜕(ℎ𝑤𝑤𝑢𝑢𝑤𝑤)
𝜕𝜕𝑥𝑥

+
𝜕𝜕
𝜕𝜕𝑥𝑥

ℎ𝑤𝑤𝑢𝑢𝑤𝑤2 +
𝑔𝑔ℎ𝑤𝑤2

2
+ 𝑔𝑔ℎ𝑤𝑤

𝜕𝜕 𝒛𝒛(𝒃𝒃) + ℎ𝑠𝑠
𝜕𝜕𝑥𝑥

= 0

𝜕𝜕(ℎ𝑠𝑠𝑢𝑢𝑠𝑠)
𝜕𝜕𝑥𝑥

+
𝜕𝜕
𝜕𝜕𝑥𝑥

ℎ𝑠𝑠𝑢𝑢𝑠𝑠2 +
𝑔𝑔ℎ𝑠𝑠2

2
+ 𝑔𝑔ℎ𝑠𝑠

𝜕𝜕𝒛𝒛(𝒃𝒃)

𝜕𝜕𝑥𝑥
+
𝜌𝜌𝑤𝑤
𝜌𝜌𝑠𝑠
𝜕𝜕ℎ𝑤𝑤
𝜕𝜕𝑥𝑥

= 0

Mass 
Conservation

Momentum 
conservation
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Governing Equations
Vertical exchange of the Mass and Momentum

Dilatancy – Erosion and Deposition Rate

𝑒𝑒(𝑏𝑏) =
1

𝜌𝜌𝑏𝑏𝑢𝑢𝑠𝑠
𝜏𝜏𝑠𝑠

(𝑏𝑏) − 𝜏𝜏𝑏𝑏
(𝑏𝑏)

Sediment Transport Layer

𝑒𝑒(𝑠𝑠) = −
𝜌𝜌𝑏𝑏 − 𝜌𝜌𝑠𝑠
𝜌𝜌𝑠𝑠 − 𝜌𝜌𝑤𝑤

𝑒𝑒(𝑏𝑏)

𝑒𝑒(𝑏𝑏) > 0 EROSION

𝜕𝜕𝑧𝑧𝑏𝑏
𝜕𝜕𝜕𝜕

= −𝑒𝑒𝑏𝑏

Evolution of the bed
𝑒𝑒(𝑏𝑏)<0 DEPOSITION
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Governing Equations
Vertical exchange of the Mass and Momentum

Erosion 𝝉𝝉𝒔𝒔
(𝒃𝒃) ≥ 𝝉𝝉𝒃𝒃

(𝒃𝒃)

𝜕𝜕(ℎ𝑤𝑤𝑢𝑢𝑤𝑤)

𝜕𝜕𝜕𝜕 = 𝒖𝒖𝒘𝒘 𝑒𝑒(𝑠𝑠) −
𝜏𝜏𝑤𝑤
𝑠𝑠

𝜌𝜌𝑤𝑤

𝜕𝜕(ℎ𝑠𝑠𝑢𝑢𝑠𝑠)

𝜕𝜕𝜕𝜕 = −
𝜌𝜌𝑤𝑤
𝜌𝜌𝑠𝑠
𝑢𝑢𝑤𝑤𝑒𝑒(𝑠𝑠) +

𝜏𝜏𝑤𝑤
𝑠𝑠

𝜌𝜌𝑠𝑠
−
𝜏𝜏𝑏𝑏
𝑏𝑏

𝜌𝜌𝑠𝑠
+ 𝟎𝟎

Mass 
Transfer

Momentum 
Transfer

𝝉𝝉𝒔𝒔
(𝒃𝒃)

𝝉𝝉𝒃𝒃
(𝒃𝒃)

𝜕𝜕ℎ𝑤𝑤
𝜕𝜕𝑡𝑡

=𝑒𝑒(𝑠𝑠)

𝜕𝜕ℎ𝑠𝑠
𝜕𝜕𝜕𝜕 = 𝑒𝑒(𝑏𝑏) − 𝑒𝑒(𝑠𝑠)

𝜕𝜕𝑧𝑧(𝑏𝑏)

𝜕𝜕𝑡𝑡
=−𝑒𝑒(𝑏𝑏)

𝒖𝒖𝒃𝒃 = 0 𝒆𝒆(𝒃𝒃) > 𝟎𝟎

𝒆𝒆(𝒔𝒔) < 𝟎𝟎𝝆𝝆𝒘𝒘𝒖𝒖𝒘𝒘𝒆𝒆(𝒔𝒔)
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Governing Equations
Mass and Momentum Transfer

Deposition
𝝉𝝉𝒔𝒔

(𝒃𝒃) < 𝝉𝝉𝒃𝒃
(𝒃𝒃)

𝜕𝜕(ℎ𝑤𝑤𝑢𝑢𝑤𝑤)

𝜕𝜕𝜕𝜕
= 𝒖𝒖𝒔𝒔𝑒𝑒(𝑠𝑠) −

𝜏𝜏𝑠𝑠
𝑠𝑠

𝜌𝜌𝑤𝑤

𝜕𝜕(ℎ𝑠𝑠𝑢𝑢𝑠𝑠)

𝜕𝜕𝜕𝜕 = −
𝜌𝜌𝑤𝑤
𝜌𝜌𝑠𝑠
𝑢𝑢𝑠𝑠𝑒𝑒(𝑠𝑠) +

𝜏𝜏𝑠𝑠
𝑠𝑠

𝜌𝜌𝑠𝑠
−
𝜏𝜏𝑠𝑠
𝑏𝑏

𝜌𝜌𝑠𝑠
+
𝝆𝝆𝒃𝒃
𝝆𝝆𝒔𝒔
𝒖𝒖𝒔𝒔𝒆𝒆(𝒃𝒃)

𝝉𝝉𝒔𝒔
(𝒃𝒃)

𝝉𝝉𝒃𝒃
(𝒃𝒃)𝝆𝝆𝒃𝒃𝒖𝒖𝒔𝒔𝒆𝒆(𝒃𝒃)

𝝆𝝆𝒘𝒘𝒖𝒖𝒔𝒔𝒆𝒆(𝒔𝒔)

𝒆𝒆(𝒃𝒃) < 𝟎𝟎

𝒆𝒆(𝒔𝒔) > 𝟎𝟎
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Governing Equations
Entrainment

𝜕𝜕ℎ
𝜕𝜕𝜕𝜕

+
𝜕𝜕𝜕𝜕ℎ
𝜕𝜕𝑥𝑥 = 𝑒𝑒𝑤𝑤U

𝑒𝑒𝑤𝑤 =
0.075

1 + 718 ⁄1 𝑭𝑭𝒅𝒅𝟒𝟒.𝟖𝟖

Parker et al. 1987



16

Vertical dynamics –
Velocity and concentration profile

z/h

ℎ𝑝𝑝

u/U fe/Fe

z/h

Subcritical 
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Vertical dynamics –
Velocity and concentration profile

z/h

ℎ𝑝𝑝

u/U fe/Fe

z/h

Supercritical 



18

Vertical dynamics – Water Entrainment 

z/h

ℎ𝑝𝑝

ℎ𝑝𝑝
u/U fe/Fe

z/h

0.7

1.2

𝑅𝑅𝑅𝑅𝑔𝑔𝑔𝑔 = −
𝑔𝑔 ⁄𝜕𝜕𝜌𝜌 𝜕𝜕𝑧𝑧
𝜌𝜌 ⁄𝜕𝜕𝑢𝑢 𝜕𝜕𝑧𝑧 2

Ri < 0.25
Turbulence 

𝑒𝑒𝑤𝑤

1.0 <Ri > 0.25
Strongly turbulence 

damped 
𝑒𝑒𝑤𝑤 reduced 
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Vertical dynamics – Water Entrainment 

z/h

ℎ𝑝𝑝

ℎ𝑝𝑝
u/U fe/Fe

z/h

0.2

1.4

𝑅𝑅𝑅𝑅𝑔𝑔𝑔𝑔 = −
𝑔𝑔 ⁄𝜕𝜕𝜌𝜌 𝜕𝜕𝑧𝑧
𝜌𝜌 ⁄𝜕𝜕𝑢𝑢 𝜕𝜕𝑧𝑧 2

Ri < 0.25
Turbulence 

𝑒𝑒𝑤𝑤

1.0 <Ri > 0.25
Strongly turbulence 

damped 
𝑒𝑒𝑤𝑤 reduced 
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1. Experimental Setup & Data Collection

 Finalizing modifications to the flume system.

 Preparing initial high-density sediment-laden flow experiments for data collection.

Next Steps & Ongoing Work

2. Numerical Modelling

 Testing and familiarizing with the two-layer shallow water model
 Implementing the entrainment process based on literature and initial parameter assumptions





Sediment 
Transport

FL

FD

FG

FF



Overtopping Breakwater For Energy Conversion (OBREC)

Saeed Osouli

Supervisors: 
Prof. Matteo Postacchini – UNIVPM

DR. Ivan Sabbioni – MAC
Prof. Maurizio Brocchini – UNIVPM

SEDIMARE

3rd Network Training School: Advanced Integrated Coastal Zone Monitoring and Management

IHCantabria/Santander

11-13 March 2025



Model Chain

2

Selecting 
Waves

• Mean Waves and Joint PDF waves based on buoy were 
selected.

Transformin
g Waves

• Analytical approach (Goda) from offshore to near shore.
• Wave resolving model inside the port.

Designing the 
Device and 

Construction

• Designing Ramp, Turbine and construct them.
• Monitor the functioning.



From the offshore to the port

.

3
Inclination due to the boundary.



From the offshore to the port

.

4

NNE NNW

Mean

Hs (m) 0.90 0.59
Tp (s) 5.13 4.12
Tm (s) 4.35 3.49
ap,h1 

[°]
56.00 35.00

Density 0.05

Hs (m) 2.53 1.67
Tp (s) 7.81 6.51
Tm (s) 6.62 5.52
ap,h1 

[°]
35.00 27.00

Density 0.005

Hs (m) 2.74 2.68
Tp (s) 7.87 7.62
Tm (s) 6.67 6.46
ap,h1 

[°]
35.00 23.00

Wave characteristics at nearshore after applying Goda.

Applying Goda

FUNWAVE

FLOW-3D



FUNWAVE-TVD
.

• Bathymetry

• Simulation

• Outputs

5
Density 0.005-NNE Waves

Emodnet

Port data 
(AutoCad)



Ramp Design 
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• Eurotop
• Effect of wave steepness and front 

slope

45°

27° 9°



FLOW-3D – 2D approach
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Cell size 
in x and 

z
0.2 m 0.15 m 0.1 m 0.05 m 0.05 

+0.025 0.025 m

Total 
number 
of cells

18000 32160 72000 288000 793200 1152000

Time 
duration

3 
minutes

5 
minutes

9 
minutes

50 
minutes ~3 hours ~7 hours

Water
volume(
𝑚𝑚3)

0.51 0.57 0.59 0.77 0.79 0.78

Hardwar
e

Processor: Intel(R) Core(TM) i9-14900KF   3.20 GHz (8 cores), RAM: 
128GB

Sensitivity analysis
• Domain size: 72*1*10 m, cell size in y direction is 1m (one cell)
• Simulation Time: 150 seconds

Time (s)

W
at

er
 v

ol
um

e 
(m

3 )



FLOW-3D-NNE waves

.

8

Wave characteristics
NNE scenario
• Hs= 0.81m
• Tp= 7.02 s
• htoe=6 m
• Freeboard=2 m

Slope (º) Discharge 
(𝑚𝑚3)

34 0.77

30 0.79

26 0.5

22 0.23

18 0.08

Time (s)

W
at

er
 v

ol
um

e 
(m

3 )
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FLOW-3D- Results for NNW Waves



Location and the potential cross section

10

Location



• Cross-section of actual breakwater

11

Location and the potential cross section

Hydrokinetic Archimedes  turbine Zitti et al. (2020)



Designing Turbine
Efficiency evaluation of a ductless Archimedes turbine: Laboratory experiments and numerical simulations (Zitti et 
al.) 2020

12



Designing Turbine

13

(Zitti et al.) 2020



Designing Turbine
Modeling and experimental results of an Archimedes screw turbine (Rohmer et al (2016))
Analytical Model for Water Inflow of an Archimedes Screw Used in Hydropower Generation (Dirk M. Nuernbergk1 
and Chris Rorres 2013)

• pitch ratio= λ , Ptan(ϐ)/ 2ORп
• radius ratio =ρ , IR/OR

1.36 m3 /1m  
2𝑚𝑚𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑜𝑜𝑜𝑜 𝑟𝑟𝑟𝑟𝑚𝑚𝑟𝑟 𝑟𝑟𝑎𝑎𝑤𝑤 𝑤𝑤𝑑𝑑𝑑𝑑𝑤𝑤𝑤𝑤𝑑𝑑𝑤𝑤 𝑏𝑏𝑏𝑏 150

𝑄𝑄 = 0.018 m3 /s

• 𝑂𝑂𝑂𝑂 = 0.018×tan 10
10.362×0.06

3/7
= 0.104 𝑚𝑚

• 𝑃𝑃 = 2𝜋𝜋×.104×0.21
tan 10

= 0.778 𝑚𝑚

• 𝐼𝐼𝑂𝑂 = 𝜌𝜌 × 𝑂𝑂𝑂𝑂 = 0.053 𝑚𝑚

14



• Selecting waves based on 3 scenarios based on Buoy data.
• Transferring waves into Shallow water using Goda.
• Using FUNWAVE-TVD as the shallow water solver.
• FLOW-3D is used to simulate wave and structure interaction as a CFD tool.
• Archimedes Hydrokinetic turbine will be analyzed as a part of the conveying 

system.
• The device will be built in the port of Ancona and the performance will be 

monitored.
FUTURE WORK:
planned construction of ramp and reservoir, design of turbine.

Conclusions



Thank you for your attention!
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Observed and Model data

17

Comparison of wave parameters from buoy and Copernicus.

Wave Roses.



FUNWAVE-TVD
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dx 
(m)

dy 
(m) simulatio

n time (s)

Total 
number 
of Grids

Stability 
Condition

Condition

dx (m) dy (m) simulati
on time 

(s)

Total 
number of 

Grids

Stability 
Conditio

n

Condition

Smoothin
g (n)

Smoothin
g 

(Comman
d)

obstacle 
height 

(m)

depth of 
WK and 
Spectru

m

offshore 
platform

FroudeC
ap

CFL and 
min 

depth

Wall or 
Periodic 
boundar

y

VISCOSI
TY_BRE
AKING

Smoothi
ng (n)

Smoothi
ng 

(Comma
nd)

obstacle 
height 

(m)

depth of 
WK and 
Spectru

m

offshore 
platform

FroudeC
ap

CFL and 
min 

depth

Wall or 
Periodic 
boundar

y

VISCOSI
TY_BRE
AKING

1 2 2 1000 806,314 stable 7

smoothda
ta2/sgola
y/movme

an

7
8 -

monoch
romatic

no 1 0.5/0.01 P.B no 9 2 2 936 806,314

instable 
(it 

happens 
around 
480 s)

7

smooth
data/sg
olay/sgo

lay

5
12 -

monoch
romatic

no 1 0.5/0.01 P.B no

2 2 2 1,000 806,314 stable 7

smoothda
ta2/sgola
y/movme

an

7
12 -

monoch
romatic

no 1 0.5/0.01 P.B no 10 1.5 1.5 399 1,432,629

instable 
(it 

happens 
around 
150 s)

7

smooth
data2/sg
olay/mo
vmean

7
12 -

monoch
romatic

no 1 0.5/0.01 P.B no

3 2 2 1,000 806,314 stable 7

smoothda
ta2/sgola
y/movme

an

7
16 -

monoch
romatic

no 1 0.5/0.01 P.B no 11 1.5 1.5 185 1,432,629

instable 
(it 

happens 
around 
122 s)

7

smooth
data2/sg
olay/mo
vmean

7
16 -

monoch
romatic

no 1 0.5/0.01 P.B no

4 2 2 1000 806,314

stabe but 
a 

instability 
sign could 
be seen in 

the 
domain 
around 

810 s

7

smoothda
ta2/sgola
y/movme

an

7
12 -

monoch
romatic

no 1 0.5/0.1 P.B no 12 1.5 1.5 151 1,432,629

instable 
(it 

happens 
around 
120 s)

7

smooth
data2/sg
olay/mo
vmean

7
16 -

monoch
romatic

no 3 0.5/0.01 P.B no

5 2 2 4292 806,314 stable 7

smoothda
ta2/sgola
y/movme

an

7
12 -

monoch
romatic

no 1 0.5/0.01 P.B

yes/ 
Cbrk1 = 

0.45 
Cbrk2 = 

0.35 

13 2 2 7870 806,314

instable 
(it 

happens 
around 
930 s)

7

smooth
data2/sg
olay/mo
vmean

7
12 -

monoch
romatic

no 1 0.5/0.01
Wall 

boundar
y

no

6 2 2 7870 374,468 stable 7

smoothda
ta2/sgola
y/movme

an

7
12 -

monoch
romatic

no 1 0.5/0.01 P.B
no-

small 
domain

14 3 3 7870 358,771 stable 7

smooth
data2/sg
olay/mo
vmean

7
12 -

monoch
romatic

no 1 0.5/0.01 P.B no

7 2 2 467 806,314

instable 
(it 

happens 
around 
330 s)

5
smoothda
ta/sgolay
/sgolay

5
12 -

monoch
romatic

no 1 0.5/0.01 P.B no 15 5 5 7870 129,312 stable 7

smooth
data2/sg
olay/mo
vmean

7
12 -

monoch
romatic

no 1 0.5/0.01 P.B no

8 2 2 734 806,314

instable 
(it 

happens 
around 
180 s)

5
smoothda
ta/sgolay
/sgolay

7
12 -

monoch
romatic

no 1 0.5/0.01 P.B no 16 2 2 7870 806,314 stable 7

smooth
data2/sg
olay/mo
vmean

7 12 yes 1 0.5/0.01 P.B no

17 2 2 7870 806,314 stable 7

smooth
data2/sg
olay/mo
vmean

7 16 Yes 1 0.5/0.01 P.B no
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Rorres and Nuernbergk
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Large-eddy simulations of turbulent oscillatory
flow and sediment transport induced by waves

Ioannis Gerasimos Tsipas
Supervisor: Athanassios A. Dimas, Professor 

Laboratory of Hydraulic Engineering
Department of Civil Engineering
University of Patras
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Outline
• Introduction
• Objectives
• Methodology
• Simulation Set-up
• Results
• Conclusions/Future Work
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Objectives

• Surface waves induce oscillatory flow at seabed
• Generation of bed forms (ripples, dunes, bars)
• Significant impact on wave propagation and sediment transport by increasing bed roughness and promoting sediment

suspension due to vortex shedding

https://www.vhv.rs/viewpic/hbJbwRw_transparent-water-ripples-png-ripple-of-water-diagram/

The dynamics of turbulent oscillatory flow and sediment 
transport over sandy beds is critical for understanding various 
environmental and engineering processes, such as coastal 
erosion, sedimentation patterns, and habitat formation.

• Development of large-eddy simulation (LES) software to 
model turbulent oscillatory flow and mixed-grain sediment 
transport induced by waves. 
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• Methodology
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Continuity 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒:

Navier-Stokes equations:

ui is the resolved velocity field according to LES .

Dynamic pressure:                                where Po is the externally imposed pressure field.

Subgrid-scale (SGS) stresses (Smagorinsky 1963) :

Flow Equations (non-dimensional)
0i

i

u
x
∂

=
∂

( )
21

Re
iji i

i j i
j i j j j

u upu u f
t x x x x x

τ∂∂ ∂∂ ∂
+ = − − + +

∂ ∂ ∂ ∂ ∂ ∂

( )22 2ij wall sgs ij wall s ijD S D C S Sτ ν= − = − ∆

( )1/2
2 ij ijS S S=

( )1/3
1 2 3x x x∆ = ∆ ∆ ∆

op P P= +

( ) ( ) ( )( )cos cos 2o ou t U t B tω ω= +

𝑆𝑆𝑖𝑖,𝑗𝑗 =
1
2

𝜕𝜕𝑒𝑒𝑖𝑖
𝜕𝜕𝑥𝑥𝑗𝑗

+
𝜕𝜕𝑒𝑒𝑗𝑗
𝜕𝜕𝑥𝑥𝑖𝑖

𝑅𝑅𝑒𝑒 =
𝑈𝑈0𝑒𝑒0
𝜈𝜈

5
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Sediment Transport Equations
Type equation here.Bed load transport rate (Engelund and Fredsøe, 1976):

Shields number : 𝜃𝜃 = 𝜏𝜏𝑏𝑏
𝜌𝜌𝑤𝑤 𝑆𝑆−1 𝑔𝑔𝐷𝐷𝑔𝑔(𝑛𝑛𝑛𝑛)

3

Critical Shields number: 𝜃𝜃𝑐𝑐 𝐷𝐷𝑔𝑔(𝑛𝑛𝑛𝑛), 𝑆𝑆 𝜃𝜃𝑐𝑐(𝑛𝑛𝑛𝑛)
𝑝𝑝𝑒𝑒𝑒𝑒
𝑝𝑝ℎ𝑒𝑒

𝑚𝑚

Grain diameters:     Dg(nd)

Sediment specific gravity:     S

Dynamic friction coefficient:     μd ≈ 0.5μs

𝑒𝑒𝑏𝑏(𝑛𝑛𝑛𝑛)

𝑆𝑆 − 1 𝑔𝑔𝐷𝐷𝑔𝑔(𝑛𝑛𝑛𝑛)
3

= sgn 𝜃𝜃
5𝜋𝜋
3

1 +
𝜋𝜋
6

𝜇𝜇𝑛𝑛
𝜃𝜃 𝑛𝑛𝑛𝑛 − 𝜃𝜃𝑐𝑐 𝑛𝑛𝑛𝑛

4 −14
𝜃𝜃 𝑛𝑛𝑛𝑛 − 0.7 𝜃𝜃𝑐𝑐 𝑛𝑛𝑛𝑛 , 𝜃𝜃 𝑛𝑛𝑛𝑛 > 𝜃𝜃𝑐𝑐 𝑛𝑛𝑛𝑛

0 , 𝜃𝜃 𝑛𝑛𝑛𝑛 < 𝜃𝜃𝑐𝑐 𝑛𝑛𝑛𝑛

Hide/Exposure factor

Hidden & Exposed 
probabilities of particles dk

7



Advection-diffusion equation for the suspended sediment concentration:

𝜕𝜕𝑐𝑐(𝑛𝑛𝑛𝑛)

𝜕𝜕𝑒𝑒
+ 𝑒𝑒𝑗𝑗

𝜕𝜕𝑐𝑐(𝑛𝑛𝑛𝑛)

𝜕𝜕𝑥𝑥𝑗𝑗
− 𝑤𝑤𝑠𝑠 𝑛𝑛𝑛𝑛

𝜕𝜕𝑐𝑐 𝑛𝑛𝑛𝑛

𝜕𝜕𝑥𝑥3
=

1
𝜎𝜎𝑅𝑅𝑒𝑒

𝜕𝜕2𝑐𝑐 𝑛𝑛𝑛𝑛

𝜕𝜕𝑥𝑥𝑗𝑗𝜕𝜕𝑥𝑥𝑗𝑗
−
𝜕𝜕𝜒𝜒𝑗𝑗
𝜕𝜕𝑥𝑥𝑖𝑖

+ 𝑓𝑓𝑐𝑐

where ws(nd) is the sediment fall velocity (Hallermeier 1981) for each grain fraction:

σ is the Schmidt number, χj is the SGS turbulent term (Zedler and Street 2001):

and σt is the turbulent Schmidt number.

Suspended load transport rate:  𝑒𝑒𝑠𝑠1,2 𝑛𝑛𝑛𝑛 = ∫𝑥𝑥3𝑏𝑏𝑒𝑒𝑛𝑛
𝑥𝑥3𝑡𝑡𝑡𝑡𝑡𝑡 𝑒𝑒1,2𝑐𝑐(𝑛𝑛𝑛𝑛)𝑑𝑑𝑥𝑥3

𝑤𝑤𝑠𝑠(𝑛𝑛𝑛𝑛)𝐷𝐷𝑔𝑔(𝑛𝑛𝑛𝑛)

𝜈𝜈 =
D∗(𝑛𝑛𝑛𝑛)
3 /18

D∗(𝑛𝑛𝑛𝑛)
2.1 /6

1.05D∗(𝑛𝑛𝑛𝑛)
1.5

𝑓𝑓𝑒𝑒𝑓𝑓
D∗(𝑛𝑛𝑛𝑛)
3 < 39

39 < D∗(𝑛𝑛𝑛𝑛)
3 < 104

104 < D∗(𝑛𝑛𝑛𝑛)
3 ≤ 3 � 106

.𝑤𝑤𝑤𝑒𝑒𝑓𝑓𝑒𝑒. 𝐷𝐷∗(𝑛𝑛𝑛𝑛) = 𝐷𝐷𝑔𝑔(𝑛𝑛𝑛𝑛)
𝑆𝑆 − 1 𝑔𝑔
𝜈𝜈2

1/3

𝜒𝜒𝑗𝑗 =
𝑣𝑣𝑠𝑠𝑔𝑔𝑠𝑠
𝜎𝜎𝜄𝜄

𝜕𝜕𝑐𝑐(𝑛𝑛𝑛𝑛)

𝜕𝜕𝑥𝑥𝑗𝑗
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Bed Evolution modeling

Exner Equation:  The bed elevation evolution follows the Exner Equation in two dimensions and expresses the coupling between 
the evolution of bed morphology and the sediment transport fluxes.

zb is the bed level
n is the bed sediment porosity
q1,2 = (qb + qs)1,2 is the total sediment flux in the horizontal directions.

Sea surface

Bed surface

2
2 2

2

qq dx
x
∂+
∂

1
1 1

1

qq dx
x
∂+
∂

1q

2q

bz

3x
2x

1x

𝜕𝜕𝑧𝑧𝑏𝑏
𝜕𝜕𝑒𝑒 = −

1
1 − 𝑒𝑒 �

𝑛𝑛𝑛𝑛=1

𝑁𝑁
𝜕𝜕
𝜕𝜕𝑒𝑒 �

𝑥𝑥3≥𝑧𝑧𝑏𝑏

ℎ
𝑐𝑐(𝑛𝑛𝑛𝑛)𝑑𝑑𝑥𝑥3 +

𝜕𝜕𝑒𝑒1(𝑛𝑛𝑛𝑛)

𝜕𝜕𝑥𝑥1
+
𝜕𝜕𝑒𝑒2(𝑛𝑛𝑛𝑛)

𝜕𝜕𝑥𝑥2

𝜕𝜕𝑧𝑧𝑏𝑏
𝜕𝜕𝑒𝑒

+
1

1 − 𝑒𝑒
𝜕𝜕
𝜕𝜕𝑒𝑒 �

𝑥𝑥3≥𝑧𝑧𝑏𝑏

ℎ
𝑐𝑐(𝑛𝑛𝑛𝑛)𝑑𝑑𝑥𝑥3 = −

1
1 − 𝑒𝑒

𝜕𝜕𝑒𝑒1(𝑛𝑛𝑛𝑛)

𝜕𝜕𝑥𝑥1
+
𝜕𝜕𝑒𝑒2(𝑛𝑛𝑛𝑛)

𝜕𝜕𝑥𝑥2
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Dg(m) Ψ a0/Dg

0.00025 104.4 2100

0.00035 74.5 1500

0.00044 59.3 1193

0.00053 49.2 990

0.00066 39.5 795

Re = 23000

Lr = 0.9425
hr = 0.18
Δx = 0.00368 m
Δy = 0.00368 m
Δz = 0.001 -> 0.04853 m
Grid = 513x33x650 = 
11.003.850 cells

Simulation Set-up

Van Der Werf et al.(2007) , experiment Mr5b63
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Profile of the mean streamwise velocity, u

The period- and spanwise-averaged velocity field (vectors) and Y vorticity field
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Instantaneous snapshots of the distribution of the suspended sediment on the 1T of the 12th Period 

(a) 0.66mm dimension size fraction                   (b) 0.44mm dimension size fraction                (c) 0.25mm dimension size fraction
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(a) 0.66mm dimension size fraction (b) 0.44mm dimension size fraction (c) 0.25mm dimension size fraction

Instantaneous snapshots of the distribution of the suspended sediment on the T/4 12th Period
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Instantaneous snapshots of the distribution of the suspended sediment on the T/2 12th Period

(a) 0.66mm dimension size fraction (b) 0.44mm dimension size fraction (c) 0.25mm dimension size fraction
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(a) 0.66mm dimension size fraction (b) 0.44mm dimension size fraction.              (c) 0.25mm dimension size fraction

Instantaneous snapshots of the distribution of the suspended sediment on the 3T/4 12th Period
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Profiles of Phase and Spanwise average Shields number &
comparison between critical Shields number with and without
the hide/exposure factor for the smallest, the median and the
biggest fraction of sediment in 1T of 13 periods.
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Profiles of Phase and Spanwise average Shields number &
comparison between the critical Shields number with and without
the hide/exposure factor for the smallest, the median and the biggest
fraction of sediment in T/4 of 13 periods.
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Profiles of the Phase and Spanwise average Shields number and
comparison between the critical Shields number with and without
the hide/exposure factor for the smallest, the median and the
biggest fraction of sediment in T/2 of 13 periods.
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Profiles of the Phase and Spanwise average Shields number
& comparison between the critical Shields number with and
without the hide/exposure factor for the smallest, the median
and the biggest fraction of sediment in 3T/4 of 13 periods.
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Period and spanwise averaged Bed(qb) and Suspended(qs) Load for 1T and T/4 of 13 periods for the smallest, median and largest
sediment fraction.
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Period and spanwise averaged Bed(qb) and Suspended(qs) Load for T/2 and 3T/4 of 13 periods for the smallest, median and 
largest sediment fraction.
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Profiles of the mean suspended sediment flux, uc, for all the
sediment size fractions and the average of the sediment fluxes of
the fractions.

Profiles of the mean suspended sediment concentration of 
each sediment size fraction up to 3 hr
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Conclusions
In this Configuration :
• Shields Critical with Hide & Exposure factor is larger than 

normal Shields Critical for the fractions with diameter size 
smaller than D50,  it is smaller for the ones with diameter 
size larger than D50, they are almost  equal to each other for 
D50.

• The fractions with diameters larger than D50 contribute 
more to the bed load.

• Suspended Load : Diameter Size Decreases -> Suspended 
Load Increases

• Concentration : Diameter Size Decreases -> Concentration 
Increases

23
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Overview of the project



Overview of the project
The swash zone

3

𝒛𝒛𝒃𝒃(𝒙𝒙, 𝒕𝒕)

𝒛𝒛𝒃𝒃(𝒙𝒙, 𝒕𝒕𝟎𝟎)

h(𝒙𝒙, 𝒕𝒕)U(𝒙𝒙, 𝒕𝒕)
𝒖𝒖(𝒙𝒙, 𝒛𝒛, 𝒕𝒕)

𝑼𝑼𝟎𝟎

𝜹𝜹

Bore 
generation Shoreline

∆𝒛𝒛𝒃𝒃
𝜼𝜼(𝒙𝒙, 𝒕𝒕)

Swash zoneInner surf zone

𝟎𝟎

𝒛𝒛

𝒙𝒙

MWL

Figure 1. Schematic of general swash geometry.

• Difficulty in adequately represent

the wave boundary layer in the

swash zones.

• Difficulty in directly measure the

bed shear stress within the bottom

boundary layer (BBL)

• An existing BBL sub-model for a

fixed bed in the swash zone

 To develop an improved boundary layer description (sub-model) for a mobile bed that is suitable

for incorporation into a Nonlinear Shallow Water Wave Equation (NLSWE) morphodynamic solver.



Research methodology
Numerical model

4

Hydrodynamics 1D nonlinear shallow water equations (NLSWEs)

Morphodynamics Coupled with Exner equation

Sediment transport Coupled with Meyer-Peter and Müller equation

Bottom boundary 
layer model Momentum integral method

 Depth-averaged, phase-resolving, fully-coupled model



Research methodology
Numerical model calibration and validation

5

Laboratory-based datasets
• Experimental study of bore-driven swash hydrodynamics on impermeable rough slopes

(Kikkert et al., 2012).

• Intra-swash hydrodynamics and sediment flux for dam-break swash on coarse-grained
beaches (O’Donoghue et al., 2016).

Figure 2. Schematic of the numerical setup based on the Aberdeen Swash facility.



Previous results

Simulation of single swash events on impermeable fixed beds



Water depth - Depth-averaged velocity – Bed shear stress

7

𝑡𝑡∗ =
𝑡𝑡 − 𝑡𝑡𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑎𝑎𝑏𝑏𝑏𝑏𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

𝑡𝑡𝑓𝑓𝑎𝑎𝑏𝑏𝑓𝑓 𝑏𝑏𝑏𝑏𝑎𝑎𝑏𝑏𝑏𝑏𝑟𝑟𝑎𝑎𝑎𝑎 − 𝑡𝑡𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑎𝑎𝑏𝑏𝑏𝑏𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎



Model advancements and Limitations

8

 The model accurately predicts the depth-averaged horizontal velocity in the run-up phase

X Overestimation of boundary layer thickness and underestimation of velocity profile

 Numerical results of the flow variables for the validation tests are close to the
experimental results

X Overestimation of Flow Variables

 The modelled bed shear stress is well predicted when compared with the log-law-
derived shear stress

X Uncertainties in bed shear stress modelling



On-going work and 
research results
The calculation of w-component of the velocity



Comparing with 2DV RANS (VOF) equation solver
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Compared against corresponding simulation data for the same event, 

generated from a 2DV RANS (VOF) equation solver (Kranenborg et al., 2022).

 Water depth

 Depth-averaged velocity

 Velocity profile



Comparing with 2DV RANS (VOF) equation solver
Water depth
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Comparing with 2DV RANS (VOF) equation solver
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Water depth



Comparing with 2DV RANS (VOF) equation solver
Depth-averaged velocity
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Comparing with 2DV RANS (VOF) equation solver
Depth-averaged velocity
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Re-construct of vertical velocity

15

• In the bottom boundary layer, 𝑢𝑢 𝑥𝑥, 𝑧𝑧, 𝑡𝑡 increases with 𝑧𝑧, starting from zero at 𝑧𝑧 = 𝑧𝑧0 reaching a maximum at the top
of the boundary layer, i.e., z = 𝑧𝑧0 + 𝛿𝛿(𝑥𝑥, 𝑡𝑡).

𝑧𝑧0 is the bed roughness length, which is defined as the height at which the velocity is assumed to be zero.
• The horizontal velocity at the top of the boundary layer is called the free stream velocity, denoted as 𝑈𝑈0.
• Inside the BBL, 𝑢𝑢 𝑥𝑥, 𝑧𝑧, 𝑡𝑡 can be approximated using the logarithmic law:

𝑢𝑢 𝑥𝑥, 𝑧𝑧, 𝑡𝑡 =
𝑈𝑈𝑓𝑓
𝜅𝜅
𝑙𝑙𝑙𝑙

𝑧𝑧
𝑧𝑧0

𝑈𝑈𝑓𝑓 is the friction velocity, 𝜅𝜅 is von Karman’s constant (𝜅𝜅 = 0.4).

𝒛𝒛𝒃𝒃(𝒙𝒙, 𝒕𝒕)

𝒛𝒛𝒃𝒃(𝒙𝒙, 𝒕𝒕𝟎𝟎)

h(𝒙𝒙, 𝒕𝒕)U(𝒙𝒙, 𝒕𝒕)
𝒖𝒖(𝒙𝒙, 𝒛𝒛, 𝒕𝒕)

𝑼𝑼𝟎𝟎

𝜹𝜹

Bore 
generation Shoreline

∆𝒛𝒛𝒃𝒃
𝜼𝜼(𝒙𝒙, 𝒕𝒕)

Swash zoneInner surf zone

𝟎𝟎

𝒛𝒛

𝒙𝒙

MWL



Re-construct of vertical velocity
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Re-construct of vertical velocity

17

𝑤𝑤 𝑥𝑥, 𝑧𝑧 = 𝑤𝑤 𝑥𝑥, 𝑧𝑧0 + 𝛿𝛿 𝑥𝑥 −
𝜕𝜕𝑈𝑈0 𝑥𝑥
𝜕𝜕𝑥𝑥

𝑧𝑧 − 𝑧𝑧0 + 𝛿𝛿 𝑥𝑥

Outside the bottom boundary layer:

𝑈𝑈0 is free stream velocity; 
𝑈𝑈𝑓𝑓 is the friction velocity; 
𝛿𝛿 is the bottom boundary layer thickness; 
𝑧𝑧0 is the bed roughness length; 
𝜅𝜅 is von Karman’s constant (𝜅𝜅 = 0.4).

 Inside the bottom boundary layer: 

𝑤𝑤 𝑥𝑥, 𝑧𝑧 =
𝑢𝑢𝑓𝑓
𝜅𝜅
𝑙𝑙𝑙𝑙

𝑧𝑧
𝑧𝑧0

1
10

−
1
𝜅𝜅
𝑧𝑧𝑙𝑙𝑙𝑙

𝑧𝑧
𝑧𝑧0

− 𝑧𝑧 − 𝑧𝑧0
𝜕𝜕𝑢𝑢𝑓𝑓(𝑥𝑥, 𝑧𝑧)

𝜕𝜕𝑥𝑥



Comparing with 2DV RANS (VOF) equation solver
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Data pre-processing

𝑢𝑢′
𝑤𝑤′

= cos(𝜃𝜃) sin(𝜃𝜃)
−sin(𝜃𝜃) cos(𝜃𝜃) ×

𝑢𝑢
𝑤𝑤

1

10

SW
L

θ

J-2DV model

Measured data

BBL model

1

10

SW
L

θ

Measured data

Transformed data (J-2DV model)

Transformed data (BBL model)

w

u

w’
u’



Comparing with 2DV RANS (VOF) equation solver
Velocity profile
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Comparing with 2DV RANS (VOF) equation solver
Velocity profile
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Conclusion



Model advancements

22

 The model accurately estimates the 
vertical velocity in the run-up phase



Model Limitations

23

 The model not accurately 
estimates the vertical 
velocity for the backwash



Model Limitations

24

 The model could not capture 
the flow reversal.



Future works

25

 Improving the simulation of the velocity profile, with a focus on

the velocity profile at the flow reversal.

Re-construct the vertical velocity for the mobile bed.
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Introduction

Payne and Straughan (1999) established continuous dependence in the
Brinkman-Forchheimer equations with constant porosity . When the
porosity is space dependent :

• Velocity is not divergence free.

• The term describing viscous shear stresses is not the Laplacian .

• We have normal viscous stresses (bulk viscosity ζ) .

• The shear viscosity µ enters the expression for the interfacial drag
(Darcy coefficient a) .

• We are working in the weighted L2 space with the porosity ϕ(x) being
the weight .

∥u∥ =

(∫
Ω
ϕ|u|2dx

)1/2

Evangelos Petridis Project presentation 2 / 12



Model

The Brinkman–Forchheimer equations for flow in porous media with
variable porosity are

ϕ
∂u

∂t
+ ϕ∇p

= ∇ · (ϕζ(∇ · u)I ) +∇ ·
(
ϕµVd

)
− a⋆(ϕ)u− b⋆(ϕ)|u|u+ ϕf , ζ, µ > 0

∇ · (ϕu) = 0

Vd(u) =
1

2
(∇u+ (∇u)T )− 1

3
∇ · u I

b⋆(ϕ) = b(1− ϕ) + d(1− ϕ)2 , a⋆(ϕ) = aµ(1− ϕ) , a, b, d > 0

0 < ϕmin ≤ ϕ ≤ ϕmax < 1

where u is the average fluid velocity in the porous medium, a is the Darcy
coefficient, b is the Forchheimer coefficient, ζ is the bulk viscosity , µ is
the shear viscosity, p is the pressure , f is the gravity and ϕ is the variable
porosity.

Evangelos Petridis Project presentation 3 / 12



Conclusions

• Established continuous dependence of solutions on the parameters of the
problem, namely, the Darcy and Forchheimer coefficients of interphasial
drag and the shear and bulk viscosities of the fluid.

• The solution difference for different parameter values decays always with
time.

• Derived lower and upper bounds for the kinetic energy of the fluid. The
kinetic energy decays exponentially but faster than in pure-fluid domains
because of the interphasial drag.
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Introduction

• Underwater landslides are often hard to observe but their consequences
can be dramatic. At short term, the sudden fall of an important column of
sand under its own weight disturbs the surrounding fluid and might initiate
strong waves. At long term, it might change completely the shape of the
river or ocean floor, thus changing the conditions of flow. This has an
impact on the ecosystem and the management of river flooding

• Here, the granular column collapse is modelled using a 2-pressure,
2-velocity flow model for fluid-solid mixtures
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Fluid phase

Governing equations

∂ϕf

∂t
+∇ · (ϕfuf) = 0 ,

ρf
∂ϕfuf
∂t

+ ρf∇ · (ϕfuf ⊗ uf) = ∇ · σf − f + ρfϕfg

Interphasial momentum exchange

f = pf∇ϕs + δ(uf − us)

Stress tensor - Newtonian viscous stresses

σf = −pfϕf I + τf ,

For simple isotropic fluids, τs is further decomposed as the sum of a
diagonal and a deviatoric component,

τf = ϕf ζf (∇ · uf)I + 2ϕf µf D
d
f ,
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Solid phase

Governing equations

∂ϕs

∂t
+∇ · (ϕsus) = 0 ,

ρs
∂ϕsus
∂t

+ ρs∇ · (ϕsus ⊗ us) = ∇ · σs + f + ρsϕsg

Interphasial momentum exchange

f = pf∇ϕs + δ(uf − us)

Stress tensor - Non - Newtonian viscous stresses

σs = −ϕspsI + Cs + τs .
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Solid phase - Stress tensor

σs = −ϕspsI + Cs + τs .

Cs = γs∇ϕs ⊗∇ϕs ,

where the coefficient γs accounts for the spatial distribution of the grains

τs = ((ζs + ζs′)∇ · us + χ1)ϕsI + 2 (µs + µs′)ϕsD
d
s + χ2ϕsDs · Ds

where

µs = µf

[(
2.5− 2

ϕm

)
+

(
5.2− 3

ϕ2
m

)
ϕs +

ϕ2
m

ϕs (ϕm − ϕs)
2
− 1

ϕs

]
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Solid phase - Stress tensor

In particular, all these parameters are nonlinear functions of the strain-rate
tensor and read as follows,

µs′ =
µn√
2

detDs

(Ds : Ds)
3
2

, ζs′ =
µn

√
2

3

detDs

(Ds : Ds)
3
2

,

χ1 = −
√
2µn

(
2
√
Dd
s : Dd

s − 3

2

Dd
s : Dd

s√
Ds : Ds

)
, χ2 = −

√
2µn√

Ds : Ds
,

Where

µn = 0.75µf
ϕs

(ϕm − ϕs)2
.
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Compaction equation

The above system of balance laws is closed with an evolution equation for
the volume fraction ϕs. This equation is referred to as compaction
equation

∂ϕs

∂t
+ us · ∇ϕs = Re

ϕs ϕf

µc
(ps − pf − βs +∇ · (γs∇ϕs))

βs is the configuration pressure which is a logarithmic function of ϕs and
ϕmax. γs is related to the microstructure - power law function of ϕs .
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Simulations

The algorithm to solve the aforementioned equations is based on a
predictor-corrector time-integration scheme with a generalised projection
method for the phasial pressures
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Future work

We will work on a problem include the flow of currents over deformable
dunes in a channel.
Detailed numerical simulations of shear-driven (Couette) of water-sand
mixtures. (Emphasis on sediment mobilization and resuspension)
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