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Preface

Welcome in Delft for the NCK days 2023, the conference for coastal scientists and engineers in the
Netherlands. The NCK conference is each year a benchmark for coastal scientists. | t 6 s a p|
colleagues from other universities, institutes, and companies; to get inspired by new findings; to start your
career; to support students and newly started PhDs; to summarize your PhD work.

Coastal engineering changed over the last decades from shortening our coastlines and building barriers to
engineering solutions with sand nourishments, rebuilding seagrass meadows and diversifying foreshores.
New routes in coastal sciences were further explored and connections were made with other disciplines.
This resulted in a coastal management toolbox with more and different types of tools. However, is it already
big and diverse enough? Are all tools sufficiently tested? Are new tools needed? Is our knowledge sufficient
for applying available tools? These questions led us to the theme of this year: iTowards more diverse
approaches in Coastal Engineering & Sciences 0 We aim to explore during the conference where we
are and whether we need to further expand strategies and methods.

Two keynote lecturers have been invited to address the theme. Fernando J. Méndez Incera from IH
Cantabria will introduce us to the world of big data and data science. How can we improve the predictions
of extreme events and what is the effect of El Nifio? He will bring in examples from all over the world.
Wouter van der Heij from the Waddenvereniging, will bring us to the Afsluitdijk, and especially the hole in
the Afsluitdijk. Various stakeholders were brought together, plans were made, and they are now building
the Fish Migration River.

This year, we received a massive humber of abstracts, resulting in 34 oral presentations and 70 poster
presentations. We have contributions from young scientists as well as seasoned researchers. Browse
through the abstracts and have a look what NCK2023 has to offer. The program is full, starting with the
excursion and icebreaker on Wednesday. Thursday is plenty of presentations ending with a dinner at Knus.
Friday is again offering a variety of presentations and we close the conference with the awards for the best
poster and oral presentation by a young scientist.

We would like to thank the following organizations for sponsoring the NCK days 2022: JM Burgerscentrum,
Arcadi s, Boskalis, HKV, Nort ek, SRogatHaskonoidgy DHV aand
Waterproof.

We truly hope that you will enjoy these NCK days and that this meeting will reinforce the collaborations
within the NCK community and will strengthen the productivity of Dutch coastal research.

The organizing committee,
Anne Ton

Marion Tissier

Sander Vos

Paul Bayle

José A. A. Antolinez

Bram van Prooijen
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About NCK

The Netherlands Centre for Coastal Research is a cooperative network of private, governmental and
independent research institutes and universities, all working in the field of coastal research. The NCK links
the strongest expertise of its partners, forming a true centre of excellence in coastal research in The
Netherlands.

Objectives
The NCK was established with the objectives:

1 To increase the quality and continuity of the coastal research in the Netherlands. The NCK
stimulates the cooperation between various research themes and institutes. This cooperation
leads to the exchange of expertise, methods and theories between the participating institutes.

1 To maintain fundamental coastal research in The Netherlands at a sufficient high level and
enhance the exchange of this fundamental knowledge to the applied research community.

1 To reinforce coastal research and education capacities at Dutch universities;

1 To strengthen the position of Dutch coastal research in a United Europe and beyond.

For more than 20 years, the NCK collaboration continues to stimulate the interaction between coastal
research groups, which in the past had often worked more isolated. It facilitates a strong embedding of
coastal research in the academic programmes and courses, attracting young and enthusiastic scientists to
the field of coastal dynamics. Several times a year, the NCK organises workshops and/or seminars, aimed
at promoting cooperation and mutual exchange of knowledge. NCK is open to researchers from abroad
and exchanges of young researchers are encouraged. Among the active participants we often find people
from a lot of different institutes and companies.

NCK Partner s

Delft Enabling Delta Life
I U Del t University of
Technology

" T IHE

N EOI Royal Metherlands Institute for Sea Research ——— ! DELFT .

United Nations Institute for
Educational, Scientificand - Water Education
Cultural Organization .+ in partnership with UNESCO

Rijkswaterstat UNIVERSITY OF TWENTE.

Ministerie van Infrastructuur en Waterstaat

N . .
Nz innovation
b S Universiteit Utrecht m

for life

WAGENINGEN

UNIVERSITY & RESEARCH

Every partner has a representative in the Programme Committee and the Directory Board.
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Organization

The NCK Programme Committee establishes the framework for the activities to be organised by NCK.
These include for instance the theme for the annual coastal symposium ("The NCK Days") and the topics
for the seminars ("Theme days"). The Programme Committee gathers twice a year. Since 1998 a part-time
Programme Secretary has been appointed. The Programme Secretary is also the main contact person for
the NCK.

As of March 2022, the NCK Programme Committee consists of:

1 B.C. van Prooijen PhD. (Delft University of Technology, Chairman)
1 J.Vroom MSc. (Programme Secretary NCK, c/o Deltares)

1 G. Ramaekers MSc. (Rijkswaterstaat)

1 B. Huisman PhD. (Deltares)

1 D.S.van Maren PhD. (Deltares)

1 P.C. Roos PhD. (University of Twente)

1 T. Gerkema PhD. (Royal Netherlands Institute for Sea Research, NIOZ)

1 M. van der Wegen PhD. (IHE Delft)

1 M.J. Baptist PhD. (Wageningen Marine Research)

1 M. van der Vegt PhD. (Utrecht University i IMAU)

1 S.van Heteren PhD. (TNO Geological Survey of the Netherlands)

The NCK Programme Committee and the Programme Secretary are supervised by the NCK Directory
Board. As of March 2022, the Directory Board consists of:

1 D.J. Walstra PhD. (Deltares, Chairman)

J. Vroom MSc. (Programme Secretary NCK, c/o Deltares)

M.E. Busnach-Blankers MSc. (Rijkswaterstaat)

prof. S.G.J. Aarninkhof PhD. (Delft University of Technology)

prof. P. Hoekstra PhD. (Utrecht University - IMAU)

prof. K.M. Wijnberg PhD. (University of Twente)

prof. H. Dolman PhD. (Royal Netherlands Institute of Sea Research NIOZ)
prof. D. Roelvink PhD. (IHE Delft)

1 J. Asjes MSc. (Wageningen Marine Research)

9 D. Maljers MSc. (TNO Geological Survey of the Netherlands)
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Program

Wednesday 29 March 2023

Excursion to Maasvlakte and Springertduinen

11:45 Meeting at Stevinweg 1, Civil Engineering, Delft University of Technology.

12:00 Bus departs from Stevinweg 1 car park

12:45 Excursion Maasvlakte

14:15 Bus departs for the second excursion stop

14:45 Excursion Springertduinen

16:15 Bus return to TUDelft

17:00 Arrival at Stevinweg 1, Civil Engineering, Delft University of Technology
Ice-breaker

20:007 22:00 | Mooie Boules - Professor Schermerhornstraat 9, 2628 PZ Delft
Thursday 30 March 2023

08:307 09:15 | Registration

09:157 09:30 | Opening i Bram van Prooijen

09:3071 10:00 | Keynote 1: Incorporating Data Science and Climate in Coastal Engineering

Fernando J. Méndez Incera (University of Cantabria)

10:00 7 11:00 | Poster session 1 & Coffee Page
1 Using Agent-Based modelling to explore human impact on sandy beaches in the Netherlands 55

Elham Bakhshianlamouki

2 The social response to coastal realignment: results from three project locations in the 56
Southwest delta, the Netherlands
Vincent Bax

3 The role of vegetated intertidal areas for salt intrusion mitigation 57
Jesse Bootsma

4 | Cross-shore Distribution of Alongshore Sediment Transport in a Macro-tidal Environment 58
Bart Roest

5 Footprint: first results of a three-vessel offshore windfarm sampling campaign 59
Johan Damveld

6 The effect of sediment grain size on dune erosion: a field experiment 60
Cato de Hullu

7 Geen Zee Te Hoog: Anticipating for accelerating sea level rise in the spatial design of land- 61

water transitions via a participative design process
Jaco de Smit

8 Connectivity of sand mining regions in San Francisco Bay estimated using SedTRAILS 62
Tim de Wilde

9 Stochastic results from deterministic wave-resolving models 63
Floris de Wit

10 | Biogeomorphological Evolution of Salt Marshes under Natural Conditions and the Influence of 64
Artificial Structures on Marsh Resilience
Sarah Dzimballa

11 | The origin of patterns on tidal flats and their role in marsh expansion 65
Greg Fivash
12 | Lower shoreface sand transport: offshore or onshore? 66

Philippe Frankemolle

13 | A framework to unify academic and applied approaches in coastal research and engineering 67
Christa van llzendoorn

14 | The influence of bivalve shells on sediment transport: an experimental flume study 68
Steven Haarbosch
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Longer-term morphological evolution of the Belgian coast in relation with the nearshore shelf
Rik Houthuys

The impact of sea level rise and a changing discharge on salt intrusion in the Rhine Meuse
Estuary
Ymkje Huismans

How SANDsitive are seafloor animals in the Wadden Sea? Quantifying sandification sensitivity
of Wadden Sea benthic communities
Tjitske Kooistra

How vegetated foreshores can contribute to limiting dike dimensions of sea dikes: a case study
into the assessment and design procedure of including the quantitative effect of the foreshore
in the flood defence system

Marit Lambers

Tracing Sand Nourishment Dispersal by Modelling Light Exposure History
Stuart Pearson

Unravelling the drivers of salt marsh cliff initiation
Victoria Mason

Key research required for the safety assessment of the Dutch sandy coast
Robert McCall

Large scale coastline modelling in Belgium for design and quick assessment of coastline
adaptation
Marco Moretto

The impact of tidal creeks on the morphology of a tidal flat
Jill Hanssen

Effect of sea level rise and artificial deepening on peak water levels in deep tidal channels
Iris Niesten

Millimeter-scale beach topography measured with structure-from motion photogrammetry
Daan Poppema

Quantifying the effects of bedforms on basin-scale hydrodynamics
Laura Portos Amill

Duration of saltwater intrusion shapes freshwat er treesd6 response to
Eleonora Saccon

Estuarine salt-intrusion affected by changing channel depth and intertidal width
Rutger Siemes

Conceptualizing aeolian sediment transport modes in a bio-geomorphological cellular automata
model of the beach-dune system
Manuel Teixera Manion

Probabilistic design of green sea dike revetments: required thickness for revetment of local clay
Vera van Bergeijk

Seabed sediment: from hand-drawn map to Al-generated model
Sytze van Heteren

Multi-annual research program Management and Maintenance of the Dutch Coast
Niels Van Kuik

Unravelling sediment deposition in pioneer salt marshes through flume experiments
Thomas van Veelen

The method that despises the little is not worthy of the great: Dealing with the patchiness of
vegetational effects on large scale flow
Nicollete Volp

Field observations of turbulent flow patterns and salinity variations in a stratified scour hole
Feteme Ebrahimi Erami
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11:007 12:30 | Session 1: Coastal risk & management 1 Chair: Laura Brakenhoff Page
11:007 11:12 | Integrated coastal management strategy for the Saint-Louis region, Senegal 17
Anouk de Bakker
11:137 11:25 | How to explore the solution space of sandy strategies under accelerated sea-level 18
rise
Renske de Winter
11:267 11:38 | A numerical flume for the pressures on clay erosion profiles for the Wide Green 19
Dike
Marisol Irias Mata
11:3971 11:51 | Simulating impacts of nourishment scenarios on decadal cross-shore dynamics 20
Tosca Kettler
11:527 12:04 | Research for Coastal Policy and Practice i a case study on the policy process and | 21
the role of conceptual models
Quirijn Lodder
12:057 12:17 | Visualising past landscapes to combat shifting baselines 22
Abigail Schiller
12:1871 12:30 | Coastal engineering benefits of sand nourishments at the shores of Walcheren 23
(Southwest delta, the Netherlands)
Wietse van de Lageweg
12:307 13:15 | Lunch
13:157 14:45 | Session 2: Estuaries 1 Chair: Stuart Pearson Page
13:157 13:27 | Salt intrusion in the Rhine-Meuse Delta under different river discharge scenarios 24
Bouke Biemond
13:287 13:40 | Improving morphodynamic modelling using sand-mud interaction and morphologic 25
metrics
Ana Colina Alonso
13:417 13:53 | Unravelling the morphodynamic and ecological functioning of tidal flats 26
Tim Grandjean
13:547 14:06 | Dutch Wadden Sea as an Event-driven System: A Numerical Perspective 27
Aditi Mitra
14:0771 14:19 | New concept of inlet connectivity helps understand role of tidal divides in double 28
inlet systems
Pieter Roos
14:2071 14:32 | Long-term forecasting of dredging volumes in the Borndiep tidal basin 29
Tim van Engelen
14:337 14:45 | What are the causes for the unexpected high dredging volumes in the navigation 30
channel Boontjes in the Wadden Sea?
Julia Vroom
14:457 15:15 | Coffee break
15:157 16:45 | Session 3: Subtidal & Offshore T Chair: Johan Damveld Page
15:157 15:27 | Tidal plume fronts and recirculation in the near field Rhine River Plume during 31
typical and extremely low river discharge conditions
Julie Pietrzak
15:287 15:40 | Spatio-temporal Variability of the Lagrangian Transport in the Dutch Wadden Sea 32
Jeancarlo Fajardo Urbina
15:417 15:53 | Influence of SFCR on Longshore Sediment Transport at the Belgian coast 33
Sem Geerts
15:547 16:06 | Nearshore bathymetry estimation at Puerto Rico from Sentinel-2 and hyperspectral | 34

PRISMA imagery using machine learning
David Hartmann




16:07 7 16:19 | What happened to the sandpit? 35
Simeon Moons

16:207 16:32 | Efficient Modelling of Sand Wave Field Dynamics for Offshore Engineering Activities | 36
Pauline Overes

16:33 1 18:00 | Young NCK: Walk and surprise
18:00 7 Drinks and Diner at Knus

08:307 09:00 | Registration

09:007 09:10 | Opening i José A. A. Antolinez

09:1071 09:40 | Keynote 2: Fish Migration River - What happens when a fish ecologist and a

civil engineer start talking about a hole in the Afsluitdijk?

Wouter van der Heij (Waddenacademie)

09:4071 10:45 | Poster session 2 & Coffee Page

1 The importance of 2D effects on dune erosion during the 2022 winter storms at Maasvlakte Il 90
Ype Attema

2 Investigating Hydrogeological Feedback Mechanisms During Artificial Dune Development 91

Jadon Beerlandt

3 Shoreface-connected sand ridges strongly affect decadal coastline evolution in a coupled shelf- | 92
shoreline system forced by waves and tides
Jan Boersma

4 Long-Term Morphological Modelling of Tidal Inlet Systems: Implementing Salt Marshes in 93
ASMITA
Marloes Bonenkamp

5 Initial development of a poorly sorted back-barrier beach nourishment 94
Jorn Bosma

6 Sand Wing: Feasibility study towards sustainable sandbank maintenance 95

Marcio Boechat Albernaz

7 Context and framework of the recent and future coastal management toolbox 96
Laura Brakenhoff

8 Hydraulic load model for the Dutch coast 97
Jochem Caspers

9 The Power and Limit of Building with Nature for the Venice Community 98
Giovanni Cecconi

10 SCALDIS COAST: A numerical modelling of 10-year for long-term morphology in the surfzone 99
of the belgian coast using the telemac-mascaret system
Bart de Maerschalck

11 Biophysical Controls on Pollution Flows in Coral Reef MPAs 100
Ibnu Faizal

12 | The response of dominant vegetation species in saltmarsh to changes of inundation frequency | 101
Jing Feng

13 Understanding coastal response to sea level rise in Northern Italy: a two-sided approach 102
Wouter Gerats

14 | Quantifying erosion of saltmarshes under storm conditions in a Living Dike 103
Jos Muller

15 | Exploring multimodal wave conditions relevant to coastal processes on the Dutch shoreface 104

Chris Hoogervorst

16 Development of tidal flats under sea level rise 105
Joanne Jenine Naidoo

17 Influence of channel bathymetry on subtidal salt transport processes and salt intrusion in single | 106
channel systems
Henk Jongbloed
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18 Predicting morphodynamic long-term changes along the southern Rhode Island, USA, 107
shoreline in the next decades
Alexa Leone
19 Understanding the Western Wadden Sea in terms of inlet connectivity: an exploratory 108
modelling approach
Wout Ploeg
20 | Aclose look at the beach and dune sand for the Vlieland beach nourishment 109
Laura Coumou
21 Modelling salt marsh dynamics for coastal safety by Living Dikes, a research approach 110
Elien Sipma
22 Detecting turbid coastal features with satellite Earth Observation 111
Juliana Tavora Bertazo Pereira
23 Patterned coastal peatland ecosystems facing sea-level rise 112
Archontoula Valsamidou
24 Dissemination of structurally monitored and up-to-date abiotic data in the Wadden Sea through | 113
a Digital System Reporting tool
Falco van Bakel
25 Connecting dikes and vegetated foreshores at managed realignments 114
Kim van den Hoven
26 Coupled evolution of hydrodynamics and morphology in the western Dutch Wadden Sea 115
Bart Grasmeijer
27 Quantifying complex relations between spit growth and its hydrodynamic drivers, in non-tidal, 116
wind-dominated lake environments. Application to the Marker Wadden
Niels van Kouwen
28 Guano-mediated island genesis in the Dutch Waddensea 117
Floris van Rees
29 Recreation impact on the establishment of dune building species 118
Sasja van Rosmalen
30 Coastal Vision: Assessing a long term coastal protection strategy for the Belgian Coast 119
Bart Verheyen
31 MOZES: Research on the Morphological Interaction between the Sea Bottom and the Belgian 120
Coastline
Toon Verwaest
32 Preliminary analysis of salt intrusion observations during the extreme drought of 2022 121
Tess Wegman
33 Pathway analysis to support long-term coastal management 122
Jakolien Leenders
34 | A numerical study of aeolian sediment transport affected by moisture, using discrete element 123
modelling
Xiugi Wang
35 | Visual modelling of the development of a managed-realignment project 124
Johan van de Koppel
10:4571 12:15 | Session 4: E cology 1 Chair: Valérie Reijers Page
10:457 10:57 | Response of dune-building grasses to summer precipitation 37
Jan-Markus Homberger
10:587 11:10 | The effect of vegetation, sediment properties and inundation duration on the build- 38
up of soil stability in salt marshes
Marte Stoorvogel
11:117 11:23 | Optimal wave reflection as a mechanism for seagrass self-organization 39

Roeland van de Vijsel
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11:247 11:36 | Biocompacting livestock accelerate drowning of tidal salt marshes with sea level 40
rise
Marinka van Puijenbroek

11:377 11:49 | Preserving estuarine foraging habitats for shorebirds through sand nourishments 41
Brenda Walles

11:507 12:02 | Benthic macrofauna under extreme weather events: unraveling the response 42
strategies from individual behavior to community structure in tidal flats
Zhengquan Zhou

12:037 12:15 | Potential ecosystem effects of large upscaling of offshore wind in the North Sea 43
Luka Jaksic

12:157 13:00 | Lunch

13:007 14:30 | Session 5: Beaches and Dunes 1 i Chair: Glenn Strypsteen Page

13:007 13:12 | High-resolution grain size analysis using photos 44
Casper Bakker

13:1371 13:25 | The effect of brushwood fences and marram grass on initial dune development 45
Jennifer Derijckere

13:267 13:38 | Parameter uncertainty in ShorelineS predictions of the Hondsbossche Dunes 46
Anna Kroon

13:397 13:51 | Particle motion in the nearshore zone of sandy beaches- quantifying the role of 47
horizontal and vertical processes
Emilia Zygarlowska

13:521 14:04 | Longshore transport by tides and waves 48
Dano Roelvink

14:0571 14:17 | Sandy beaches in low-energy, non-tidal environments: Beaches of the Markermeer | 49
and Ljssel meer
Anne Ton

14:187 14:30 | Flume modelling to investigate the erosion of sand-mud mixtures under currents 50
and waves in the laboratory and in Delft3D
Roy van Weerdenburg

14:307 15:00 | Coffee break

15:007 16:00 | Session 6: Beaches and Dunes 2 i Chair: Paul Bayle Page

15:0071 15:12 | The development of a three-dimensional idealised model for estuarine 51
hydrodynamics: iFlow3D
Marco Rozendaal

15:137 15:25 | Shoreline evolution on decadal time scales: role of tides 52
Abdel Nnafie

15:267 15:38 | Observations of directional characteristics of infragravity waves in the North Sea 53
Jantien Rutten

15:407 16:00 | Big projects and prizes

16:00 Closure by Bram van Prooijen

12




Conference locations
Icebreaker

Mooie Boules

Professor Schermerhornstraat 9
2628 PZ Delft
Netherlands

Website: https://mooieboules.nl/delft/

Conference venue

Theater de Veste

Asvest 1
2611P Delft
Netherlands

Website: https://www.theaterdeveste.nl/

Conference diner

Knus

Zavelpad 3
2616 LH Delft
Netherlands

Website: https://www.knus.nl/
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Excursion

Windmiles in the surfzone and bulldozing/digging in the dunes. What is going on along the South Holland
coast? Join us on the NCK 2023 excursion on Wednesday 29 March 2023 and learn more about these
particular cases from the specialists who worked on these field cases. Bas van Leeuwen from Svasek will
inform us about interesting facts of the 2e Maasvlakte and Yede Bruinsma from Waterboard Hollandse
Delta will show us how to give dunes more space go grow.

Field excursion:
Start/Endpoint:

Civil Engineering
Stevinweg 1, 2628 CN Delft

Duration: 12:00 till 17:00.
12:45-14:15: Excursion 2e Maasvlakte
14:45-16:15: Excursion Springertduinen

Lunch included

14



Keynote speakers

Fernando J. Méndez Incera

Incorpora ting Data Science and Climate in Coastal Engineering

This work integrates the "Big data in Ocear
"Climate Science" to solve coastal engineering problems, such as the probabilistic

design of maritime works, the risk of flooding and erosion of the coast, or the impact

of climate change on the coast. Specifically, we deal with studies of extreme value

analysis of oceanographic variables (how often will be the 1953 storm in
Netherlands?), study of wave climate on the coast (what is the probability of a 10

m wave height arriving to Sardinero beach?), global-scale wave climate variability

(how does the EI Ni fo phenomenon affect tI
multivariate analysis of wave data (how can | synthesize millions of wave data

measured by satellite to predict storm surge from tropical cyclones?), coastal

flooding (what will be the flooding risk in Kwajalein atoll in the Marshall Islands in the year 21007?), or

coastal erosion (How was the historical wave time series that affected the beaches of North Carolina, in

the United States in the last 140 years?).

Fernando Méndez is Full Professor of Coastal Engineering at University of Cantabria. He is

Head of the research group @ Ge o maiisiresearchdineslareOc e an
focused on building knowledge to incorporate CLIMATE and DATA SCIENCE in COASTAL
ENGINEERING (databases of marine variables, statistical models of extremes, data mining,
statistical downscaling, climate variability, climate change, dynamical downscaling, flooding and

coastal erosion).

Wouter van der Heij

What happens when a fish ecologista nd a civil engineer start talking about a hole in the
Afsluitdijk?

The 30 km long Afsluitdijk, constructed between 1927 and 1932, can be seen from
space. A more than formidable achievement underlining the Dutch as master dike
builders worldwide. On the other hand the Afsluitdijk is nationally seen as the biggest
ecological disaster. Destroying a complete ecosystem and still causing
unprecedented effects on marine life.

Making restoring the ecological connection and softening the hard barrier between
saline and fresh water one of the major goals when plans were made for a new,
stronger Afsluitdijk between 2006 - 2011. Budget cuts however put all this ambition
aside and a bare reinforcement of the dike was chosen. Nature organizations,
anglers and commercial fishermen grabbed the invitation of incorporating add-ons
and presented the idea of a Fishmigration river. More than ten years later the Afsluitdijk is being reinforced
but at the same time a hole is made in that same dike to let fish like salmon, eel and sturgeon pass.

Wouter van der Heij is a marine ecologist working at the NGO Waddenvereniging. He is determined to
restore the Swimway function of the UNESCO World Heritage Site Wadden Sea for fish. Convinced that
the connecting ecology and engineering is key in a time of sea level rise and biodiversity loss, he was one
of the initiators of the Fishmigration River. An innovative, 4 kilometer long, winding fish-passage through
the iconic Afsluitdijk reconnecting the Wadden Sea and lake 1Jssel for migratory fish.

15
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Integrated coastal management strategy for the Sairtouis region, Senegal
A. de Bakket*, P. Tonnon, C.Lescoulief, N. Guillo, D. Roelvink?, C. Lequettéand R. Carrél
! Deltares, Delft, the NetherlandsEgis-Eau, Montpellier, Francé,IHE Institute for Water Education,
Delft, the Netherlands;
*corresponding author: anouk.debakker@deltares.nl

Intr oduction

The Senegal river delta is vulnerable to inundation during the rainy season. To avoid widespread inundation
in 2003 of the r eLguisqUNESCOheritgge sited, kthe authdrities de@dedntd expel

the surplus of river water by atng anartificial breach 7 km south of the city, through the Langue de
Barbarie sand spit (Figure 1). This avoided lasgale inundations of the city, but the artificial breach grew
uncontrollably during the subsequent years and became the new rivthr usaltered the dynamics of

the lower river delta and continuous to affect local villages, fishery activities, agriculture, and nature
reserves. With the natural southward migration of the river mouth at a pace of ~500 m/yr, the population
subject tdflood risk by 2050 is estimated at 178,300 inhabitants for ay&a0 flood. The Government of
Senegal has asked the consortium Egis-HEzeltares to propose a sustainable and@ngn management
strategy for the lower Senegal river delta. Here, theept@jpprach and results are presented.

Methods

During the project, irdepth technical analyses were integrated with social, economic, financial and
environmental analyses. To understand the natural system in detail, at the start of the project extensive
measuremnt campaigns were realized. Higgsolution bathymetry and topography were acquired,
together with information on physical processes such as water level variations, currents, waves and salinity
levels in the river. Various numerical (morpho)dymamodelsof river- and coastal dynamics were
devel oped and cali brated with the newly acquired
preparation of an intervention plan.

Results

It is recommended to maintain the natural functioningheflowe delta, while attenuating the negative

impact of the southward migrating river mouth. To avoid inundation of -Ban after horizon 2050,

whenever a peak (> 1/3@ar return period) river discharge is measured upstream at the hydrological
staton of B&el, an artificial breach should be created through the-spi@ few kilometers south of the

town of Degouniaye (23 km south of Salrtuis). This ensures protection against flooding of Slaintis

up to a 10eyear flood level by the year 2108ithoutlargescale negative impacts. In addition, a package

of wur greengr é@itnd protection measures is recommended.
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Figure 1: The Langue de Barbarie sandspit in Senegal just before, and the years following, the cfeation o
the artificial breach (Source: Google Earth).
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How to explore the solution space of sandy strategies under accelerated-meel rise
R. de Wintet*, M. Haasnodt? W. van de LagewégV. Baxé, T. van der Heid®¥, E. Lans{, S.
Hover*5, A. Luijendijk™®, T. Kettlef, A. van OudenhoveérH. Geuke$ M. de Schippér
! Deltares? Utrecht University2HZ University of Applied Science$Royal Netherlands Institute for
Sea Research (NIOZ) University of GroningenS TUDelft, ” Leiden University
*corresponding authoRenske.deWinter@deltares.nl

Introduction

The sandy coastal zone of theetherlands hosts a wide range of functions; it provides safety against
flooding, is important for recreation and has high nature values. The sandy coast is ragutihed to
compensate for erosional losses and to allow for growing with a risingegel It is expected that
nourishment volumes will increase in the future under acceleratddveaise (SLR). In this study, we
explore how the solution space foourishment strategies could be explored when multiple functions of
the coastal zone ao®nsidered.

Methods

Since there is not yet a model that considers all relevant processes and indicators needed for a multi
objective assessment of nourishments, wmhline the Dynamic Adaptive Policy Pathways (DAPP;
Haasnoot et al. 2019) with the XLRM frework (Lempert et al. 2019). This combination enables us to
evaluate how nourishment strategies affect a range of objectives under changing conditions. The resulting
model is the first to consider all processes and indicators relevant for owohjaltive assessment of
pathways. With the combined framework we can explicitly link the objectives to the different functions
and the system characteristics these funstiteed. The result can then be evaluated for different futures
and adaptation pathways ngia set of outcome indicators (Figure 1). To test this novel approach, we
applied it to a limited set of objectives (coastal safety, functional coastal ecosysteett@ation) and
assessed the possibilities of the method with established outcomearsliteit support the objectives.

Total nourishment volumes are directly related to future -8tBs; however, they can vary in frequency

and type of nourishment, rding in different adaptation strategies.

Changing conditions
(e.g. sea-levelrise, socio-economic developments)

l

Objective System characteristic Outcome indicator
(e.g. safety against flooding) (e.g. a wide and high enough dune) [ (e.g. dune height and dune width)

Process (e.g. sand transport)
Time

Resources (sand, finance)
Space

Adaptation Measures
(e.g. local sand nourishment, mega nourishment)

Figure 1: Relation betweepolicy objective, the system characteristic that supports this objective and the
outcome indicator that describes the state of the system. Changing conditions and adaptatiorsnea
impact the system characteristic.

Results and Conclusion

We found thattie solution space of sandy strategies under lowerr@tds is relatively, with a large range

of possible sandy strategies. However, as-&itls and nourishment volumes incedbe solution space
becomes smaller as strategies with small scale andfeguent nourishments become less feasible. The
strategies therefore converge in nourishment volume and frequency. For the chosen objectives a literature
assessment shows thadicators are known that determine under which set of conditions it would be
preferable (for that specific objective) to switch strategies. We argue that this integrated approach allows
us to evaluate how an attractive multifunctional coast can be ma&dtaihen moving towards higher
nourishment volumes under accelerating Shrs.
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I ntroduction

With the increasing threads against the coastal zones and the nature (stronger wave conditions and sea level
rise), the world demands solutions that comply with safety and climate adaption as well as nature
preservation. One pilot project deopkd in theNetherlands that satisfies both needs is the Wide Green
Dike project. The Wide Green Dike consists of a gradually sloping dike that smoothly transitions into the
salt marshes and is located along the frobard estuary. The dike is constructedh clay made from

locally dredged sediment that is ripened to clay near the dike. Due to the innovative layout and materials
used in the construction of the dike, physical tests were carried out in the Delta Flume on a real scale to
assess the safety thfe dike aginst high wave loads (up to 2 m) and to study the erosion rate of the clay.

To extend the study and gain a better understanding on the process of clay erosion, an analysis of the
pressures along the profiles of erosion of clay is desired.

Methods

The numerical flume consists of a CFD model OpenFOAM coupled with a potential flow solver
OceanWave3D. The offshore wave conditions from the wave paddle are the input values in OceanWave3D,
which then passes the water elevation(,t) to the OpenFOK model, whtch simulates the wave
structure interaction. In this way, the physical tests are replicated in the numerical flume. The dike
geometry is based on the subsequent clay erosion profiles measured during the physical modelling
campaign. The numerical model sad to determine the pressures during the physical model experiments,
since the pressure due to wave impacts is the main driver of erosion. Next, a relationship between the
modelled pressure and the observed erosion is developed for the wave conditigpghguphysical
experiment. Finally, the dataset is extended using the numerical model to simulate the pressures for
different wave conditions, such as variation in wave steepness, with which the erosion could be calculated
with the erosiorpressure relain.

Results

A relation between the observed erosion, the modelled pressures and the wave conditions is determined
that can be used in the safety assessment of these innovative flood defences. Moreover, the numerical flume
provides insights into the imptant hydrodynamic processes that occur during extreme events and will be
developed further to help improve our understanding of the erosion process on flood defences.

Figure 1: Wide Green Dike under wave attack. Left: Physical flume. Riginnerical fume.
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Simulating impacts of nourishment scenaris on decadal crossshore
dynamics
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Introduction

Projectionsof high rates of sea level rise have stimulated proposals for adaptation strategies with

increasinglyhigh nourishmentvolumes.A widely acceptedperceptionis that coastalprofiles respondo
nourishment byrapid equilibrationto a (new) equilibrium shapeincluding the addedsandvolumeThe
validity of this viewpoint depends on the rate and extent of sediment redistribution oveuitehedsite.
The profile shapemay undergosignificant deformationwhen high volumesofnourishment are applied.
Analysisof the impact of nourishment scenarios on decadal «lossedynamics requires a level of detalil
that can typically not bebtained from (semjempirical modelswhile processbasedmodelsare too
complex for robust decadal analysis. Thereforewe introduce the numerical, diffusiortype model
CROCODILE (CROssshore CoOastal Dlffusiotype Longterm Evolution model), whichcombines
inductive assumptions on dynamic profile response and custatgtof-the-art knowledgeof nourishment
behaviorin a predictive tool.

Methods

In this work, CROCODILEis introduced and applied to case study locations that vanpiphologicalsetting
and nourishmenthistory. The modelcomputesan6 i n s t a nprofileresponsanith a time-dependent
profile evolution approachig a édynami c6é equilibrium (p.9.9LR,erbsen,
or implementatiorof nourishment(s))eadto horizontalandverticaltranslationofthe dynamic equilibrium
profile as given by a sediment volume balance. The nourishelepge issdded t o t he
profile, and the timalependent evolution malculated following aiffusion-type approach inspired by Stive
etal. (1991). Hereby, the rate and extent of sedimlispersion are calculated as the sum of four comptsne
that depend on the scale of the nourishnretdtive to the static profile; cross-shorediffusion (fig 1B),
backgrouncerosion(fig 1C), nourishmeriateralloss(fig 1E), andaeolianloss(fig 1F). The simulatedcross
shoreprofile shapds thentrandatedo differentcoastalktateindicators(e.g.profile volume(fig 1A,D), coastline
position,andbeachwidth).

Results

Hindcast results show th&ROCODILEis able to reproduce the tinvarying response of differesbastal
state indicators to the ingmentation of nourishments. This approach can provide a coon@rehensive
understanding of the impacts of shore nourishment scenarios in different coetitads,with special
attentionto sealevelrise.
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Figure 11 (A,D) CROCODILEhindcastand obsewrationsof profile volumecp Vat Monster.PanelD isan
enlargement of panel A. (B,C,E,F) The instantaneous profile of the first nourishment (bladkjethien
andmagnitudeof thered arrowsindicateits time-dependent evolution.
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Research for Coastal Policy and Practice
a case study on theolicy process and the role of conceptual models
Q.J. LoddeY? J.H. Slinget, Z.B. Wang?
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Introduction

Many of us work on our coast on a daily basis. We draft research proposals, do research, write papers and
reports, and teach neyeneratbns of coastal scientists, practitioners and policy makers. Often our aim is

to advance on all aspects: deliver great science, robust policy, and innovative practice. However achieving
this is difficult, especially achieving impact on policy anégiice fom science. Achieving impact on

policy and practice requires bringing together science and policy in a meaningful and effective way.
Connecting science to policy is seen, not without reason, as one of the top challenges for sustainability in
the 21" centry (UNEP, 2012). In the Dutch situation, however, there is a long history within Coastal Flood
and Erosion Risk Management of an established link between science and policy. This makes the Dutch
policy-driven research approach an intriguing obg@cttudy.

Method: Case Study Coastal Genesis 2

At present the Dutch coast is maintained using a dynamic conservation strategy (also referred to as
dynamic preservation), developed using the results from the Coastal Genesis (Kustgenese) research
programme fronthe nineteen eighties aiidineties. With acelerating sea level rise this management
strategy could require a significant increase in nourishment volumes in the future, raising questions
regarding the sustainability of the strategy. Accordingly, Rijkskgtdat initiated the Coastal Genesis 2
(Kustgenese 2) research programme in 2015 aimed at developing a robust and sustaintdyi® long
coastal management strategy. We analyse the pahiggn Coastal Genesis 2 research programme,
identifying the procesthat was followed in its initiation, in defmining the research agenda and in
synthesizing and communicating the results. We assess the role that conceptual models play in achieving
impact on policy and practice (Figure 1).

Results

Our analysis highligts that
synthesising new scientific
insights into shared conceptual
models is critical to achieving
impact in policy and practicén

the context of Coastal Genesis 2,

a new shared conceptual model

of the longterm sediment
demand of the Dutch coast
enalled the development of
potential nourishmdrstrategies.

In 2021, the Minister of
Infrastructure and Wwater p,pu
Management
articulated her intention to adop.
the advised nourishment
strategy from 2024 onwards in a
letter to parliament.

OfflCla”y Existing coastal policy with

underpinning conceptual models

Research to
increase system
understanding

Synthesis in
new/revised

conceptual models o
re nes ise
o

Draft research
agenda

Identify issues in
policy and
conceptual models

Advice to policy

Senior
es
directorates o

Output

o New coastal policy with new/revised
underpinning conceptual models

Advice to political
decision makers

Figurel: The6 Resear c h f o rsuppost coastaypblicycy c | e
development in the Netherlands (Lodder and Slinger 2022) CC 4.0
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Visualising past landscapes to combat shifting baselines
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Introduction

Sea level rise is threatening coastal populations the world over, requiring adaptive measures such as coastal
defences to be installed. An increasing number of these measures involvéoaa@i@laptations, relying

on the evolutionanadaptations of coastal ecosystems such as salt marshes to protect human populations
and infrastructure. In the Netherlands, this often requires teentbeankment of polders, a proposal which

is regularly met witHierce resistance from many local residemtn important factor in this resistance is
whatisknomas fAshi fti ng ©btheharhan teredensyytonadsuneerthatdhe way things are
when you are young is the way things should be, and any changalgdoe dor the worse. In the Dutch

case, lte presentlay landscape is dominated by polders and dikes. But many modern settlements that are
now surrounded by dikes began in the Middle Ages as simplefréi&dgarms or villages on open salt
marshes.

We utilize 3D panoramas of the landscape arotiedvillage of Wemeldinge, in Zeeland, as it would have
been in the mid 2century, following a scientific reconstruction. We present these to the public in a
number of formats, in an attempt to open minds and hearts to the idea that an exposed sadinnharsh

just as safe, or even safer than a massive dike.

Methods

Wemadese of previous geol ogical and historical stu
own numerical model of salt marsh setfjanization to reconstruct the landscape ardbedillage prior

to the systematic embankment of the region in the Iatecgntury. Using the 3D modelling software

Blender, we apply 3D models of plants, animals, people, and buildings, to create photorealistic panoramic
views of this landscape.

Resuts
We present our 3D images in a mobile app, allowing locals and visitd¥&meldinge to view the past
while standing on the same spotinthe predeaty | andscape. These will al so

centres as a virtual reality experieng®jng users the feeling that they are standing in the actual medieval
landscape.

Figure 1: Life on the marshes of $2entury Zeeland.
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Coastal engineering benefits of sand nourishments at the shores of Walcheren
(Southwest delta, the Netherlands)
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LHZ University of Applied Sciences
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Introduction

For decades, sand nourishments have been exkaling the coastline of peninsula Walcheren (SW
Netherlands) with the goal of improving coastal safety, widening beaches for recreation and reducing the
impact of coastal erosion. While the coastal engingdsenefits of sand nourishments have becoeer Cl

it remains challenging to understand the economic rationale of these nourishments compared to the
alternative coastal defence strategy of dike construction and reinforcement. There is demand for direct
compari sons Dbbeidingavehnmatesnetf h dds | i ke sand nouri shmen
coastal engineering methods such as dike construction. This demand is only heightened by the expectation
of rising costs due to sea level rise.

Methods

Beach and dune development at Walcheren since 9868 derived from the JARKUS database.. First,

the historical trends in volume and position of individual coastal transects were determined over the pre
sand nourishment period 198978. Second, the estimdterosion or accretion trends were appliedho t
moment ary coastline f(MGLc)e ntaor inoo dienl wah iécwhh atthe s and
over the period 1979019. Third, dune safety in the wkhtscenario was assessed through the
identification of weak points, using Dutch flood ristandards in MorphAn. Finally, a comparison was
made between on the one hand the costs of O0hardéo
dike/dune reinforcement costs at Dishoek in 2008) anth@wther hand the costs of the conducted sand
nourishments (estimated from local sand nourishment costs in the peric@@200

Results
Over the period 1972019 some 70 separate nourishments have been executed on the shores of Walcheren
atanestmatt t ot al cost of 018 entsmasdltediincoastal advarce aoagn76% n o u 1

of the 33 km long coastline with an average gain 66@8n. This indicates that not only are sand
nourishments preventing erosion but are meaningfully expandirdutiess and beaches.

The model simulations indate that in the absence of sand nourishments over 40 years, volume trends
result in a decrease in dune safety. In consequence, a growing length of the coastline would require dike
reinforcement. Givenaunitpi ce of appr ox. (einfirc@memticdsts amstimategdatr Kk m,
0 13 milion The additi onal cost of coast al mai nt ena
million/y was added to the reinforcement costs over the model period, leadingtoo s t-186 rhilliod.1 6 3
These total costsesulting from the retrospective analysis oke@enario without sand nourishments
compares well to the expenditure on the executed sand nourishments for Walcheren over the period 1979
2019.

In conclusion, th@verall societal business case of the sandistoments looks to be very positive as they

advanced most of the coastline substantially, reduced reactive maintenance, and increased beach area for
recreation at a similar eexpenditure as O6hardbé co.
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B. Biemond*, H.E. de Swart H.A. Dijkstra
1 Utrecht University
*corresponding author: w.t.biemond@uu.nl

Introduction

The RhineMeuse estuary is a heavily engineered estuarine delta in the Western Kdtherla

Recent summer droughts have shown that salt intrusion in this system is a topic of concerns and deserves
further study. As part of the SALTISolutions project, @im is to better understand and quantify the
dependence of salt intrusion to variouygibal forcings such as river discharge for this system.

Methods

An idealized model of the Rhifdeuse Delta will be presented. This model solves the simplified
momenum balances, coupled with the salt balance, for currents and salinities in estakaisicTthe new
elements with respect to the one developed in Biemond et al. (2022) are the explicit solutions for tidal flow
and tidally varying salinity and the geometif a complicated channel network.

Salinity observations from Rijkswaterstaat aredusecalibrate the model. Afterwards, the salt intrusion is
calculated for different river discharge scenarios.

Results

After calibration, the salinity values from thdel agree fairly well with the observed salinity values (Fig.

1). The river dischamgyscenarios indicate that different channels have a different sensitivity to changes in
river flow. To gain a better understanding of the spatial heterogenous regpensalt transport in the
model is decomposed into different contributions, and foh edmnnel separately the dominant salt
transport process is established. In strongly stratified channels, the diivaty current is the dominant

salt import processhut in weaker stratified channels tidal pumping and horizontal diffusion is more
important.
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Figure 1: An example of the model results for salt intrusion in the Rkiease Delta. (a) Discharge in
the different branches. (b) Depth and tidally averaged salinity in the different branches.
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Improving morph odynamic modelling using sanemud interaction and morphologic
metrics
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Human inerventions and climate change are progressively influencing the state of coastal systems.
Especially climate change impacts coastal evolution over long time scales, and sttehnodganges are
typically studied and forecasted using highly schematieaetbmplexity models. Initially, these studies
focused on the dynamics of sandy coasts only. Later, fallpwtudies were extended with msided
sediment to improve the prediction of larggale @lta evolution. Herein, sand and mud were largely
treatedas independent fractions, despite overwhelming evidence that the sediment dynamics of sand and
mud is mutually coupled.

In this research we aim at a better understanding of the effects of imchllotic smaHscale sananud
interaction on modelled lge-scale morphodynamics of tidal basins. We study Hmmgn tidal basin
evolution with a schematised model inspired by the basins in the Dutch Wadden Sea, in whichtwo sand
mud interaction mechanigrierosionr androughness interactignColina Alonso et al submitted) have

been implemented. Our results show that gand interaction substantially impacts tidal basin evolution.
Channel patterns, intertidal flat shape and size, and sediment composition widely vary with mud erodibility
sdtings, but equally wh the considered interaction mechanisms (see Figure 1). Includingreahd
interaction in morphodynamic models provides a better representation of the physical processes and it may
consequentially be used to optimise the morphodynamidel evolution.

An important limitation of schematised model configurations (such as the one that we use) is the difficulty
to relate simplified model layouts to the real world. This introduces the key challenge on how to capture
the fundamental aspecof realworld sysems in low complexity models, and how to quantitatively
validate the schematised model performance. We therefore introduce metrics describing the morphology
in data and model results, such that they can be compared (see e.g., Bighré\e strongly adycate

the use of such morphological validation metrics as part of future work.
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Figure 1: (a) Modelled basin evolution for 1 sameud interaction scenario. (b) Extracted reversed
Strahler Order of the channel patterns for further anay¢ed) Development of the sandy and muddy
intertidal areas, depending on the samaid interaction settirgy
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Introduction

Tidal flats are valuableecosystems thasupport biodiversity and contribute to coastal defence.
Unfortunately, these dynamic ecosystems are globally declining and may lose their ecological value if their
morphodynamics change. Preserving and restoring these habitats requiredesstanding ohow
physical processes driVethe short and longterm tidatflat morphodynamicsj) the ecological value of

tidal flats andii) thereby the tidaflat response to environmental changes.

Physical drivers ofmorphodynamics

Newly developed statisticalescriptors ofSurface Elevation Dynamic&SED) andMorphoDynamic
Signature§MDS) based on the measured daily sediment dynaexpkin the sensitivity of individual

tidal flat morphodynamics to specific wind abtions and specific tides. Such descriptgrovide
managers insight into the sensitivity of specific tidal flats to changes in wind climates (e.g., more storms
vS. increase in average winds) and anthropogenic measures (e.g., increasing vs. reducurgetitk)l.

We subsequently studied howet spatiotemporal variability in SED and MDS may offer a more
mechanistic categorisation of tidal flats as low vs. high dynamic habitats (rather than using the current
velocity of 60 cm/s ad divide).

Physical drivers of the ecological significance of tiddlats

We obtained irdepth insight into how physical factors drive the ecological value of tidal flats by
combining observational field data (e.g. SE&nsors) with mechanistic experimental studies (e.g. flumes).
The presence of specific macrobenthic ommities was found to be closely related to daily sediment
dynamics, with mobile species increasing in dominance in more dynamic areas. Compared to mobile
species, immobile benthic communities are more affectedelppent wavenduced disturbances of the
bedlevel, although notindigenous species struggle more than native species.

Outlook

Tidal flats are increasingly facing challenges from human interventions and sea level rise. Adopting
alternativetechnologies, such as the SED and MDS indicators, caoh e a more comprehensive
understanding of tidal flats morphodynamics, ecological value and their response to environmental changes,
ultimately resulting in improved coastal management strategies.

-

Figure 1. Monitoring shortterm sediment dynamics wiln acoustic SEBensor during storm conditions
in the Westerschelde (image courtesy: T. Grandjean).
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Introduct ion

The Dutch Wadden Sea (DWS) is an ecologically important fimléti water body between the North Sea

and the Dutch mainland. The dynamics of this reggamainly modulated by the tidattion, variability

of wind regime and the freshwater dischargee Present study aims to comprehend the hydrodynamics
of the DWS on a muklilecadal timescale (35 years), both from a Lagrangian and Eulerian perspective. The
fundamental objective of the went work is to quantify the transport time scales (e.g., agghifig time,

and residence duration) and their spatial and temporal variability, which likely govern key biological
processes occurring in this area. Previous studies have quantifiedatiredidual characteristics of the
DWS within the intertidal basi(Donatelli et al., 2022; Duraviatute et al., 2014), that could impact the
flushing of nutrient and pollutant to the adjacent sea. The present study attempts to estimate the local
transpot time scales (age and residence time) and the-bagaintegragd transport time scale (flushing
time), in order to understand the decadal variability with variable wind and extreme events which could
eventually impact the water quality and habitat aich

Methods

Numerical simulations were carried out using the Gefestuarine Transport Model (GETM) for a period

of 35 years in the Dutch Wadden Sea. Eulerian approach was adopted to quantify the flushing time of the
system. Eulerian passive tracers walg used to track the freshwater dispersal and to determine the
residual circulatiion.

Results
The simulation results show that winds are the most important factor in net water transport processes and
their variability. Tidal activity controls theystem's salinity variations over the short term, whereas long
term anombes are linked to wind variability and extremes therein. The system's flushing characteristics
exhibit spatiotemporal variability, with the least flushing occurring close to thentigidflats during low
wind conditions. ) )
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Figure 1: Bathymetry ad local flushing time at three different regions of the Dutch Wadden Sea
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New concept of inlet connectivity helps understand role of tidalivides in double inlet
systems
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Introduct ion

The extent to which the inlets in a mesotidal barrier coast, e.g. the Wadden Sea, morphodynamically
influence one another is of both theoretical and practical interest. For example, dredging operations in one
inlet may lead to sedimentation at anotimbet . Based on Escoffierds (1940
focused on the crosectional stability of an inlet system, i.e. whether the system returns to equilibrium
after perturbing one or more inlets (e.g., Roos et al. 2013). Howalgdrstability does not address the

extent to which inlets influence each other morphodynamically, a new concept which we shall refer to as
inlet connectivity Inlet connectivity is likely to depend on various characteristics such as basin geometry,
inlet spacing andida divides. The goal of this study is twofold: (i) to introduce and quantify this new
concept of inlet connectivity, and (ii) to implement and analyse it in an exploratory double inlet model,
that includes a tidal divide (Fig.1a).

Methods

Startingfron a st abl e equilibrium in a multiple inlet
after perturbing one of the inlets, while leaving the other(s) unaffectedcdrireectivity quotienCi

measures the maximum cressctional changexperiencedy the (initially unperturbed) inlet j, divided

by the initial p e r tsaectidn gRigillm).nLarge fvaluesnof Csuggeptdossrongc r 0 s s
connectivity, whereasg@ 0 i mpl i es weak connectivity. iM& then
model, based on Roos et al. (2013), that includes tidal divides using a stepped topography (Fig.1a).

Results

Mo d el results demonstrat e h o width aitber may tuin argunstablee t i d
inlet system into a stable one, r@duces connectivity if it is already stable (Fig.1c). All our simulations
reveal negative values of the connectivity quot.i

(decraase) in the crossection of inlet 1 is attended with a decreaserémse) in inlet 2, and vice versa.
Further model results will be presented and the implications for the Western Wadden Sea (Texel inlet, Vlie
inlet and Eijerlandse Gat system) will bealissed.

C weak
1 0
outer sea S
inlet 1 inlet 2 did . S \;
l . =
' ' ' + 06 02 £
T g
~ )
2 04 2 -0.3 =
o~ L0 -
= g + example =
0.2 = of panel b -0.4 g
0 -0.5
tidal divide 0 02 04 06 038 1 strong
Ay/B (-)
Figure 1: (a) Top view of model geometry showafmuble inlet system with tidal divide. (b) Example of
systemds return to equilibrium after pertuwmrbing
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Introduction

The primary connection between ttadden island Ameland and the mainland is the ferry which sails
between Nes and Holwerd. It follows several tidal cledswwithin the Borndiep (Figure 1), a tidal basin
within the Wadden Sea. The annual dredging volumes to maintain the fairway minimumsidimsd have
increased more than tenfold since 1990, to approximately 1.§iN2021. The increased sedimentation
causes bottlenecks for the ferry service. Also, the almost continuous dredging is an environmental burden
as it disturbs the seabed anddlbz enhances the turbidity. Currently, a study is being conducted assessing

if there are sustainable alternatives fioe current ferry route and deployment. To select the optimal
alternative, a reliable estimate of the le¢egm dredging volumes is essi@ahto compare operational effects

of the current practices to the potential benefit of alternative infrastructtire Wadden Sea.

Methods

Most of the sediment is dredged from the southern part of the fairway. To obtain an estimate of future
maintenane volumes in the fairway, a relationship is derived between the tidal volume of thasob

fed by the channel andstorical dredging volumes. Forecasts of this tidal volume are based upon different
scenarios for the evolution of the tidal divide, fioe observed growth rates of salt marshes, for different

sea level rise scenarios, accounting for the response bfaghe i n6s hypsometry as a
rise. The latter is based on both observed sedimentation rates and sensitivity teats ASMGT A model,

which was calibrated for the Borndiep basin (Huismans, Y., et al. (2022)).

Results

It was found thathe major contribution (approx. 60%) of the increase in dredging volumes in the southern
part of the shipping route is to h#ributed to the migration of the tidal divide in the east of the basin. The
contribution by a continuous expansion of salt magstmel growth of tidal flats are estimated at 20% each.
Further growth of dredging volumes to maintain the current fairwhlely to be limited by a limitation

in the migration of the tidal divide. Yet, total dredging volumes may increase with up tin4sing
decades. Depending on the efficiency of humanés
cause drdging volumes to decrease in the second half of this century.

)
Pier Holwerd

Figure 1: Coloured line shows the ferry route between Nes and/étadl The red (silt), yellow (sand) and
green (sand and silt) lines indicate the type of sediment that is prindegitiged from that area.

High dredging effort
(silt)
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What are the causes for the unexpected high dredging volumes in the navigaticmannel
Boontjes in the Wadden Sea?
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! Deltares? Delft University of Technology? Rijkswaterstaat
*corresponding autho.Vroom@deltares.nl

Introduction

In 2012, the sill in the navigation channel Boonijeshe Dutch Wadden Sea was lowered to allow for
bigger ships between the sluice of Kornwerderzand and the port of Harlingen (Bighievadays, the
dredgingvolumes are much larger than anticipated in 2012. Deltares and Rijkswaterstaat have investigated
the driving factors for the high dredging volumes and estimated the (trend in) dredging volumes for the
future (i.e. until 2050).

Methods

First, we analysechte largescale morphological trends in the wider area of the Boontjes channel using
bathymetricsurveys. We studied dredging data and depth soundings in order to get a better impression of
the sediment composition of the dredged material, the exact loaatidredging and disposal and the
magnitude of dredging volumes over the year. We used a raaherodel (i.e. online coupling from-D

Flow FM to DWater Quality) to study tidal discharges, flow velocities, sediment fluxes and dredging
volumes for historiand future scenarios. The future dredging volumes were estimated using empirical
relations betwen tidal volumes, channel cressction and dredging volumes (Witteveen+Bos, 2022).

Results

The western Dutch Wadden Sea experiences large sedimentatiothaloongst of Friesland as a response

to the closure of the Zuiderzee. This sedimentation is@gd to continue in the future (e.g. Grasmeijer et

al. 2022). As more and more flat area will evolve from subtidal to intertidal area, the discharge theough th
Boontjes channel will be further reduced causing the dredging volume to increase. Modéimsimsiew

that deepening the Boontjes channel attracts flow to the channel, causing the flow velocities to increase.
Nevertheless, the dredging volumes hawedased after sill removal. This was likely caused by wave
driven resuspension, with higher repansion on the flats and lower resuspension from the channel. Also,
the effect of gravitational circulation intensifies at larger channel depths, transgsatimgent from the
disposal locations towards the freshwater source in the South.

The dredging slumes computed with the fine sediment transport model are very similar for several
channel dimensions. This result is not trusted and is probably dherteomings in the wave model (fetch
approach) and too little sediment exchange between the waierrcahd the bed. Measurements from the
field (e.g. SSC over the vertical) are needed to improve the sediment transport model.
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Figure 1: Sedimentation (red) and erosion (blue) map of the study area (yellow box).
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Tidal plume fronts and recirculation in the near field Rhine River Plume during typical
and extremely lowriver discharge conditions
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Introduction

The Rhine River Plume forms one of the largest Regions of Freshwater Inf((RDEY in Europe. In
2013 and 2014 the STRAINS (STRAtification Impacts Net@ore Sediment) fieldampaigns werearried
out off the Dutch coastduringtypical river dischargeconditions.Tidal plumefronts werefoundon every
ebb tide as freshwater distiges into a strong tidal cross flow at the mouth of the Rottevdlatarway,
Rijnsburger et al(2021). However, little is known about the impact of low river dischaogelitionson
theevolutionof tidal plumefrontsin RhineRiver Plumeandtheir downsteamevolutionHerewe useboth
dataand numericalmodelsto investigatelow river dischargeconditionsand comparéghemto normal
conditions.

Methods

During the summer drought of 2022 an extensive field campaign was carried out offshore of thif mouth
the RotterdamWaterwayand within the estuary.The field campaignwas part of the SALTISolutions
researclprogram,andwascarriedout togethemwith RijkswaterstaatHerewe focusonthe datacollected
aroundheriver mouth.We usethe Dutch ContinentalShelf modelto simulatetheflow andstratificatiornin

the downstreanmiver plume,coupledwith the RMM3D modelto simulatethe flow in the deltaduringhe
drought. We comparedata collected during the droughtwith data collected during typical discharge
conditions.We exploretherole of tidal plumefrontson the nearto mid field river plumeon mixing and
recirculation in the Rhine River Plume. Then we compare this data, with some of the data ablieated
thedroughtof 2022.We explorehow extreme]ow dischargeconditionsimpactthe RhineRiverPlume.

Resultsand discussion

Under typical river discharge conditions tidal plume fronts are shown to play an important role in the
mixing, downstream transport of freshwater andaireulation in the mid tahear field river plume. In
contrast low river discharge conditionsduce the size and strength of the tidal plume fronts and the
recirculation in the downstream river plume. We discuss the consequences for along asstietfoss
transport.
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Introduction

The spatietemporal vaability of transport incoastal ecosystems is of primary importance for many
biological processes. This is particularly critical in highly heterogeneous regions, like in systems of
intertidal basins, where transport can exhibit a strong anisotropicwespmdifferent forcing echanisms

like winds. To understand the local and temporal variability of transport and exchange of water and
freshwater content within a system and with its surroundings, Lagrangian transport time scales (LTTS),
such as the reséthce and exposure timeggacommonly employed. Additional information about the
preferential pathways in multipiaelet systems can be obtained by determining the capture areas of the
inlets. Tracers deployed in a capture area have the largest probatbéititing the system tbugh the
associated inlet. Here, we study the sptioporal variations of the LTTS and the capture areas of inlets

in the Dutch Wadden Sea (DWS) and their relation to the dominant forcing mechanisms

Methods and Results

We empbyed a 36year (198€2015)simulation based on an offline coupling of the General Estuarine
Transport Mo d e | ( GETM) and the Lagrangian model
trajectories of particles (~ 13 000 particles everg . 4a2 36hears) initially releasechside the DWS

were employedWe found that most of the spatemporal variability of the LTTS is explained by winds

from the most dominant and energetic sectors (the southwesterly quadrant), which are aligned with the
topographial orientation of the sysin (Figure 1). The LTTS are strongly aatirrelated with these wind
directions in most of the domain, except near the inlets (Figure 1). Periods with easterly winds trigger a
dipolelike response on the spatial structure of tHE'& with a decrease of tinevalues in the western

DWS and an increase in the eastern DWS. This is explained by easterly winds favouring the export from
the western DWS towards the North Sea trough the closest inlets. On the eastern side, particles travel
towards the western DWSH@ hence longer distances before leaving the system), which increases the
LTTS. Northerly and northwesterly winds trigger a more complex spatial structure in the system, but in
comparison to the other wind directions they onlylaixglittle variability. We found a strong influence of

the wind seasonality, which is characterized by stronger wind conditions during avint@nthan spring

summer, on the size of the capture areas of inlets. The monthly variability of these cagatsireaa be
predicted byhe wind energy, especially during the stormy season (awinter). During this season,

winds from the southwesterly quadrant push particles towards the eastern part of the DWS, thereby
reducing the capture areas of the westelats and triggering an pansion of the areas on the eastern ones.
Other wind directions seem to play a negligible role in this variability.
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Influence of SFCR on Longslore Sediment Transport at the Belgian coast
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Introduction

Along the Belgian coast, multiple shorefammnnected ridges (SFCR)eapresent. Numerical models are
developed to capture the hydrodynamics and moedyimamics of the nearshoregion (Rébke & van der

Werf, 2022). These models suggest that the SFCR interfere with the longshore sediment transport (LST)
and predict a strongdal contribution to LST. fis modelling study aims to calculate LST along the
Belgian coast using a ommtmensional sediment transport model and to understand these processes by an
independent and simplified calculation.

Methods

A 1D LST model is develaggd in UNIBESFCL+ using 183 crosshore depth profiles. This new model
provides an independent and fastempatation of LST rates. Input for this model is derived from a
Delft3D-FM model Rdbke & van der Werf, 20221 parameter sensitivity analysis on deb outcomes
and a convergence study on the cistsare step size are performed.

Results

Large LST ratesra mostly associated with large flow velocities in shallow areas. LST gradients indicate
a net sedimentation west of Zeebrugge and more erosionfezstbrugge, see Figure 1. Four different
regions in the tidal contribution are identified, a separattoibatable to harbour groynes blocking the
tidal flow, with an average contribution of 45% along the whole coastline. SFCR likely cause a supply of
sediment at the extension of the shoreface connection, at the lee side of the dominant flood current
(northeast of the SFCR). Erosion southwest of the SFCR likely occurs due to flow contraction of the
dominant flood current through the channel. The sgitgitinalysis shows a large influence of D50 and
friction height. However, these results are not uniforam@lthe coast but profilgpecific, indicating the

need for accurate parametrisations alongshore. Lastly, the convergence study shows the cmedttor a
crossshore depth profiles in future models developed in UNIBESF.
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Introduction

Accurate measurements of coastal water depths (i.esheez bathymetry) are of fundamental importance

for studying coastal hazards, changes in benthic habitats and sea level rise. iBespitortance, a lack

of bathymetric information exists for mosbastal regions in the world. The conventional method of
mapping bathymetry, shigounding, is costly and inefficient. Satellite imagery provides a potential
alternative for estimating bagmetry at large spatial and temporal scales, especially withtredeances

in temporal, spatial and spectral image resolution. Such methods are limited to clear waters, through which
the seabed directly visible. Here, we apply machine learningmaltispectral andhyperspectral satellite
imagery, and present apprb@&s to estimate neahore bathymetry from the continental shelf of Puerto
Rico.

Methods

This research employed 296 atmospherically corrected SeBtimeflectance images, and three
hypespectral PRISMA images. Three methods were used to derivesmaarbathymetry: an empirical
method with the green and blue spectral bands from Stumpf et al. (2003), an XGBoost machine learning
model using all spectral bands, and an empirical method ligpggspectral imagery from Ma et al. (2013)

using 16 spectral baadn the blue and green spectrum. The variance of each depth prediction was
calculated to assess its certainty.

Results

The XGBoost model showed an error of up to 1.05 m for depths up o Figure 1). The empirical
method withhyperspectral imagery had a mean absolute error of 1.23 m in the same area. Over the entire
study area, the XGBoost model had a mean absolute error of 1.64 m, which was 34% better than the
empirical model from Stupf (2003). Areas with high variances wédoeind to be influenced by periodic
sediment flows in the water, which reduced the model's performance. Further results are expected from the
use of artificial neural networks applied to the images, which we vaisdt the conference.
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Figure 1: Plots of the median RGB image (a) and predicted depth in meters by XGBoost model (b) of the
study area.
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What happened to the sandpit?
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Introduction

Coastal maintenanaequires lots of sand. Where does the sand come from and what happens to the
sandpits from an ecological perspective? In the Netherlands, the sand is extracted frosmediesitghore

sites. In response to an increasing demand for sand, sandpits sessRdavated deeper and deeper. More
depth means less surface area disturbed. So, not an overall bad development for the benthic community,
you would think. After the inifil disturbance, benthic organisms can recolonize the bare seafloor of a
shallow pit,making a full recovery within a few years. Except, as a pit becomes deeper, it seems more
likely to alter the local environmental conditions. Different conditions favidtardnt organisms; so how

will the benthic community develop and will it recovenyal

Methods

Four sandpits and adjacent reference areas were selected. The time since last sand extraction differed for
each pit (2011, 2014, 2018, 2020) and all wertoupmeters deep. In early spring 2022, 71 samples were
collected using the NIOZ Tripi® sledge; at least 8 samples for each pit and reference (tracklength = 50

m, ca. 10rftrack). The benthos, benthic fish and sediment was analysed.
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Figure 1 (a) Sandpilocation, (b) year of excavation and bathymetry (lidugeep) and (c) biodiversity.

Results

The results are startling. All pits contained a higher percentage of fine sediment and organic matter, though
the amount varied greatly. All pits differed inritkic community composition from the reference areas.

The pits harbour less diversity and in sooases a higher biomass and abundance of macrozodbenthos,
caused by a few dominant species. The youngest pit was recolonized quickly (within 2 years) by
opporunistic benthic species, but lacked characteristic species like the sand eels that werendamyt abu

in the reference area. The pits from 2014 and 2018 both showed much more similarity to the reference
areas. Benthic species composition still differekklli in response to the influx of fines. The oldest pit
(2011) contained extremely high perceygs of fines (30% average). Effects on the species composition
were very apparent, favouring (siburface deposfieeders and excluding suspension feeders. dihis

likely never to recover to its original condition. The disappearance of clams angetantay also have a

strong effect on the foodweb.

The study clearly highlights the necessity of studying the effects of sand extraction in the Nethedands an
serves as a basis for future policymaking. The research report and other ongoing and pkearell r
projects can be found onlineatvw.zanduitzee.nl
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The pressure on the offshore area is increasing at an unprecedented pace due to (a.0.) ambitious green
energy goalsTo facilitate the construction and maintenance of offsldevelopments, such as wind farms,
detailed bed level predictions are required. The presence of tidal sand waves, which can be found on sandy
seabeds throughout the world, increases the uncertaititgse predictions significantly. Sand waves can

grow p to 25% of the water depth, have wavelengths of hundreds of meters and migrate with several
meters per year. Migration and deformation of these dynamic bed forms may pose a threat to all kinds of
offshore constructions. To predict future sand wave dyrgnaigrrently datalriven methods are used.
Application of proceskased numerical models could increase the accuracy of these predictions and give
insight into the related uncertainties. Furthermthese types of models provide a solution for-datace

areas and can show the effect of extreme events on sand waves.

Applying numerical models to sand wave cases has proven to be difficult. Challenges include the need for
small horizontal and verticalrids sizes and related long computation times. To tdbidgproblem, sand

wave models have been applied in simplifieduiget These models, such as the one by Campmans et al.
(2018), have a 2DV seip, excluding the along crest direction. However, asurements we observe
significant changes in the sand wavathymetry along the crest, e.g. changes in orientation and height and
bifurcations (see Figure 1A). Moreover, the influence of sand banks on sand waves (see Leenders et al.,
2021) cannot be inctled in these types of models, due to the difference emtation between these
bedforms (see Figure 1B). Finally, engineering interventions can often not be simplified to a 2DV problem.
Including this third dimension is thus vital for qualitative pradits of future sand wave field bathymetries.

The aim of this study is to increase our understanding of the dynamics-tifereahd wave fields and to
develop efficient ways to predict theigrtamics for engineering applications. By applying the newly
developed Delft3D Flexible Mesh (FM) software, the efficiency of our models increases significantly. 3D
sand wave field models with realistic hydrodynamic forcing are now within reach. By stumdyltigle

sand wave sites with varying amounts of 3D sandewf@atures, insight is gained into the interaction
between the 3D morphology and local tidal currents. The resulting bed levels indicate the ability of the
model to predict sand wave field dynamion decadal timescales. We conclude that including the-alo

crest direction in sand wave models is vital to accurately predict future bed level evolution. The 3D sand
wave field model offers us the opportunity to gain insight into highly 3D cases. Mworesing this model

we are able to simulate the developin@nd impact of engineering interventions, such as thadibf a

cable trench.
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Introduction

Dunebuilding grasses are important for coastal protection. They promote topographiity staol
development due to their traits that facilitdtene formationPerennial grass species such as marram grass
(Ammophila arenaripand sand couchE(ytrigia junceg respond to burial by sediment with enhanced
growthwhile also trapping sediment8extively. In this context, species likearram grass have been used
as ecosystem engineer in both past and recent dune restoration projects. Whether this siblbgon wi
applicable in future depends on climate change. While past research alreadghestabliink between
precipitation and dune developmdhtesp et al., 2021}he direct response of dune building grasses to
precipitation has not been quantifiediés date.

Methods

We explored the response of dune building grasses to summer precipitation kstagvegpproach. We

first used a peexperiment to derive sp&s growth relationships with water availability for marram grass
and sand couch. To this@, we treated pots with different levels of water as derived from past summer
precipitation records while monitoring the plant response. In a second step we tistchstaodels to
predict the impact of changes in summer precipitation on the growvitiesd species. We explored three
scenarios of changes to leteym average precipitation: climate change (+ 4.7%), a recent extremely dry
year (23 %) and a recent grmely wet year (+ 33%).

Results

We found that both marram grass and sand couch wasgtige to changes in water availability and
responded positively to an increase il€ibmparing pot soil moisture measurements to field measurements
showed that field moisture tended be on the lower end of ranges in pots. This suggests that duire grasses
the field are susceptible to drought effects. In the precipitation scenariosgnolath was most affected

for the extremely dry year (up t44.8%), followed by the extremely wet year (up to +8.5%) and least
affected in the climate change scenario f@+1.4 %) (Figure 1).

Climate change Extremely dry Extremely wet
SS5P2-4.5 year year

0 __—-— Dune building species
. Marram grass

= Sand Couch

Change in plant growth response [%]

-151

Leaves Shoots Leaves Shoots Leaves Shoots

Figure 1: Change in dune building species growth responsdifterent precipitation scenarios.

A bigger change in plant growth during extreme climate evenfdies a higher impact on dune
development and stability. Includjmelationships between plant growth and climate in coastal models are
thus needed to improve the predictions of climate change impacts on topography development.
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Intr oduction

Salt marshes have proven themselves as valuable for coastal protection, due to i) wave attenuation by the
vegetated elevated marsh surface andtdui building such strong soils that they reduce the depth of a

dike breach. To be able to creatarshes with highly stable soils for flood safety (either in front of dikes,

at managed realignment sites, or in transitional polders located betweea dikals) requires a deeper
understanding of the development of marsh soil stability under the infwévegetation. We hence study

soil stabilization of marsh soils wiffeld studiesandcontrolled experiments

Methods

Field studiesWe measured soil stability in pioneer salt marshes in the Westerschelde along age gradients
to quantify the rate witkvhich soil stability builds up over tim&partina anglicawas dominant in the
pioneer zone at three salt marshes, wdepus maritimswas dominant at three brackish marshes. This
enabled us to quantify the spectipendent effect on soil stability.

Controlled experimentdVe set up a controlled experiment with pots filled with sandy or muddy sediment
and which were left bare or weptanted withSpartina anglicaor Scirpus maritimusAll treatments (2
sediment types x 3 plant treatments) were subjetd four different tidal regimes. By studying the
development of soil stability over time under different vegetation spegdanent type and tidal regime
treatments, we quantified the effect of these variables on theupibfl soil stability.

A Spartina anglicpioneer salt marsh at Hoofdplaat in the Westerschelde

Results

Field studiesOur results show th&partina anglicasignificantly increased soil strength compared to the
bare mudflat within the first six years of vegetation cager Scirpus maritimuslid not increase soll
strength. We ascribe this difference to the different clonal expansion strategies of both species. Furthermore,
we observed that soil stability typically decreased with longer inundation duration and higheatsoil
content.

Contrdled experimentdn the controlled pot experiment, soil stability was higher in pots with vegetation
than without vegetation, and higher in pots with sandy mud than with soft mud. Mostpuwldsoil
stability over time resulteddm the growth of theoot systems.

Overall, we can conclude that vegetation, sediment properties and inundation duration are strongly
affecting the buileup of soil stability in salt marshes. If we want to create salt marshes for coastal
protection, we shadd consider these &tts when assessing if a location is suitable to facilitate the
formation of an erosicnesistant salt marsh soil that contributes to coastal protection, or if certain
conditions need to be adjusted or managed or if a differentdocagieds to be chosen.
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Abstract

Spatial patterning, a universal feature of ecosystems worldwide, has recently been recognized as a driver
of ecosystem resilience under environmental stress. Understanding pattern formation mechanisms is
therefore crucial. Seagrass meadowfilgit a richness of spatial patterns. Spatial-eelfanization was
recently suggested as an explanation for striped and hexagonal patterns iaxp@se&d seagrass
ecosystems, yet the responsible biogeomorphic irtterachave not been clearly identdiget. Here, we

show that regular patterning in seagrass meadows can be explained fraginmifing feedbacks
between wave reflection, bed shear stress and seagdasgd bedform growth. Field measurements show

that seagrass pattern wavelength isragimately half the wavelength of the most energetic forcing waves.

We therefore hypothesize that seagrass patterning is driven by Bragg resonance, i.e. maximal reflection of
waves travelling over bed undulations witlifttheir wavelength. We derive a gkt of coupled equations

for wave propagation and the interactions of bed shear stress with seagrass and bedform growth. We then
linearize these equations, to study the development of perturbations around the eqifiibrium state.
Numerical simulatins of the development of these perturbations show that a uniform seagrass meadow
exists for weak wave forcing, but that a modulation instability exists for moderate forcing strength. Beyond
this critical threshold, theeagrass meadow develops a pattdth wavelength half that of the incoming

wave. Furthermore, the modelled bedforms cause maximal reflection of the forcing wave field. These
findings confirm our hypothesis that Bragg reflection can explain meadowrgalfization. Future field
campaignsisould confirm whether seagrass patterning hence provides natural protection of the ecosystem
against wave impact. Our findings might apply to other patterned coastal ecosystems as well, and may
inspire buildingwith-nature efforts worldwide in sustainablyrotecting densely populated coastlines
against increasing flood risks.
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Figure 1. Seagrass patterns in the Bays of Pollenca and Alcudia (Mallorca, Spain). (a) Overview of the
study area. Color shadingmdicate different substrate types. Blue lines #&ebaths. Inset shows

the areads | ocation within the Balearic I sl ands.
of map a, showing spatially regular gap patterns in the seagrass meadtwnietric and substrate data

derived from the Lif@osidonia project (https://lifeposidonia.caib.es).
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Introduction

A global concern for coastal ecosystems is the predicted rise-iev@&dor which salt marshes must keep

pace by increasing in surface elevation sufficiently. Vagsithat control the marsh accretion rates need

to be identified to predict the adapi#liof marshes to future sdavel rise. Many European marshes are
grazed by livestock to maintain plant diversity. These heavy grazers can biocompact the marsh soil, a
process often underestimated in studies assessing thtetomgurvival of salt margs.

Methods

We measured marsh accretion rates and vegetation composition for thirteen years in the field in
neighbouring grazed and ngnazed marshes at Holwerd, tNetherlands. The most important factors
controlling current marsh accretion rates wielentified using a statistical model and provided the input

for mathematical model to study future accretion rates of grazed argramad salt marshes up to 2100

undert hr ee sea | evel ri se and sedi ment supply scena

Results

We found that tramplingy grazing cattle significantly reduced marsh accretion rates from 11.9 mm

yrtin the nongrazed marsh to 3.6 mm-in the grazed marsh. Next to biocompaction ediock,
precipitation deficit and a period of extreme drought resulted in extra campatthe marsh. Our model

results showed that cattle presence had a negative impact on the future adaptability of salt marshes to grow
vertically for rising sea level Biocompaction reduced the total accretion of the marsh by 42% if the current
linearSLR does not accelerate. For an accelerating and high SLR to 109 cm +NAP in 2100, biocompaction
reduced total accretion by 12% and the grazed marsh can no longer atedmerise in sea level from
around 2050 onwards, compared to the-gmzed marsh. fie grazed marsh will slowly drown but this

will not lead to a significant change in vegetation compaosition yet. For an extreme SLR to 195 cm +NAP
in 2100 the accretiorate in both the grazed and ngrazed marshes cannot keep pace with the rise in sea
level and the marsh vegetation is expected to show regression to plants typical for a low marsh. A reduction
in sediment supply will aggravate the effects of SLR and mawltrén highly increasing inundation
frequencies and subsequent disappearance of it megetation.

T

Grazed - LN grazed

Figure 1. Grazing can reduce salt marsh accretion and thereby accelerate drowning with sea level rise.
(image courtesy: M. van Peipbroek).
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Introduction

Estuaries are worldiide under pressure due to anthropogenic activdied climate change. Many face
systemwide erosion resulting in loss of intertidal areas, leading to negative ecological consequences.
Intertidal areas provide important foraging grosiior shorebirds along flyways. Loss in one estuary can
affect populabns on a global scale. It is therefore important to mitigate locally. The Eastern Scheldt
estuary is a drowning estuary in the southwest of the Netherlan2819, 1.13 million mhof sediment

was nhourished on the Roggenplaat (1440 ha), covering 15%hé)1df the tidal shoal with a 380cm

thick layer of sediment, to preserve foraging habitat for the coming 25 years.

The nourishment buried | oc adfduna). Thmwh recolbnizatianprdyd s pr
abundance recovers over time. Hoeevit is unknow how much time this takes. The Roggenplaat
nourishment consist of seven elements (Figure 1), each element is unique regarding their location, elevation
and thicknesof the sediment layer. Differences between these elements enables usiytdh@iv
nourishment design affects recolonization speed of the benthic macrofauna. These insights could steer
optimisation of future nourishment designs and inform coastal manageu #ne potential of this

mitigation measure to other estuaries worldwide

efore ‘ TSI After

Fgure 1. Areal pictures before (left) and after (right) nourishment placement (image courtesy:
satelietdataportal.nl).

Methods

Since 2015 an extensive lotgrm ecemorphological monitoring programme is executed on the
Roggenplaat. Benthic maceafna was sampled before and after the nourishment to study changes at tidal
shoal scale (113 sampling stations) and nourishment scdesélpling stations). Total bird numbers
foraging on the tidal shoal where counted 8 times a year. During bird cepat&l and temporal data
were collected enabling us to analyse spatial heatmaps of the birds.

Results

Recolonization of benthic memfauna differed per nourishment element and showed a trend with thickness

of the sediment layer. Two years after nelament placement, worm biomass was restored to the pre
nourishment situation on the thinnest nourishments. Shellfish biomass increméféchsitly between the

first and second year after nourishment placement. Total bird numbers foraging on thet tatidl ritat

change before and after the nourishment. An increase in habitat use occurred in areas which were not
nourished, whereas noureghareas were avoided even two years after construction, despite the increased
biomass of prey species. These resuidates that the carrying capacity of the Roggenplaat seems to be
sufficient to buffer for a temporal decline in foraging area. Thistdkam decline is necessary to mitigate
future recession. In the long run, nourished areas are expected to be Gltipirmd and become valuable

again due to their increased emersion time. From this we learned that, in order to compensate for the
tempoary loss of carrying capacity due to nourishment, undisturbed areas needs to be of sufficient quality
and quantity towgpport birds visiting the tidal shoal.
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Introduction

Extreme weather events are increasing in intensity, duration, and frequency and threatening tidal flat
ecasystems due to global climate change. Benthic macrofauna take essential roles in biogeomorphic
feedback as ecosystamngineers, while they are prone to extreme environmental fluctuations in alternating
flooding and drying tidal regimes. Moreover, moderobgilization has accelerated the invasion of
introduced species, which compete with native species for natural resotiteerefore, studying how
benthic macrofauna respond to extreme weather events may convey an essential messagion short
erosiondepgition equilibrium and the lonterm development of tidal flat ecosystems.

Methods

A mesocosm system was customiiedhe lab to mimic the heatwaves with contrasting magnitudes and
durations on tidal flats. Simulated heatwaves were imposed on the raiddbétor specie€erastoderma
eduleliving in different micretopographies and sediment types, to study the respoinbioturbation
activities under thermal stress. Moreover, the effects of compound extreme weather events on species shift
were studied Y imposing different salinity settings and heatwave profiles on the natieeluleand an
introduced bivalvédruditages philippinarumBesides individualevel response, an-situ experiment was

applied to study the effects of repeated storm events athibesommunity structure, using a raking
treatment to mimic storAinduced sediment disturbance.

Results

Macrobent hos' response on the individual | evel i
Bioturbators increase metabolic rates fiof i ght 0 against the ther mal s
physiological conditions; they burrowed deepeiidarg | ow ti de t o escape from

thereby causing more sediment mixings;intdintbasic r edu
physiological functions under acute extreme stress ortimy intermediate stress. On thamamunity

level, internal environmental stresan selecspecies with specific biological traits, while species with

unfitting traits decrease in ahlidence. Moreover, compound extreme weather events may create
Adi st wrrbavrene i nv as i o dfittheiintrodluced species th avertake native species.
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Figure 1: An illusion of the fight, flight, or freeze response (a) and the filtering teffefcinternal
environmental stress on species' biological traits
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Introduction

Upscaling windenergy capacity in the North Sea is considered an important step in the energy transition.
The aim of the Dutch government is to speed up the development dfreffsind and to realise 21GW
offshore wind capacity by 2030. These developsenme also with known direct adverse effects such as
collision risk for birds, habitat loss of seabirds and effects of noise on marine mammals and effects of
electromagnetic fids from cables on benthos and fish. However, indirect effects, via physidal a
ecological processes, have been underexposed. Within the WOZEP programme knowledge gaps regarding
ecosystem effects of largeale offshore wind farms in the North Sea aress=d.

Methods

To assess potential ecosystem effects, the 3D Dutch ContiBéetaModel in Flexible Mesh (3D DCSM

FM; Zijl et al., 2021) has been extended with a wave, fine sediment and ecological module. This validated
integrated online coupled flexdmesh model allows to assess lasgale domains.

Results

Largescale extaction of wind energy from the atmosphere affects local wind patterns, wave generation,
tidal amplitudes, stratification and consequently fine sediment dynamics. Such phyaitgésinave
consequences for the ecological functioning of the North Sea. Ehamghe vertical stratification of
suspended sediment concentration (SSC), for example, affect both the nutrient and light availability. On a
North Sea scale, the numerical mbresults show that the enhancing and reducing effects of offshore wind
farmson SSC partially cancel out. However, our results also suggest that persistent changes may occur at
regional scales, such as a significant decrease in SSC flux in the Dutich zoas. These effects become

more pronounced for hypothetical upscale sdesarp to 70GW capacity in 2050. Wind farming in the

North Sea has effects at a scale beyond that of single wind farms. These effects on the physical environment
and ecosystem fictioning should be considered and if needed mitigated to prevenskalgside effects.
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Figure 1: Changes in yeaaverage nearbedtotal inorganic matter (TIM) for future wind park scenarios
1(left) and 2 (right) in 2050.
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Introduction

The traditional approach for grain size analysis, mechanical sieving, is-ediraeming process that limits

its spatial and temporal resolutiddere, we used a methdthtdeterming the grain size distribution from

just images of the sediment surface (i.e., optical granulometry), @@@S (Buscombe, 2013We
developed a new method to convert the dmgaize measure of pyDGS to the volumgweight measure

obtained by sievinggnabling their direct comparison. The Prins Hendrikzanddijk, a poorly sorted sandy
beach, was used as a case study to test the performance of this novel (adapted) method, and its applicability
for mapping grairsize distribution at aantire beach.

Methods

A photo of sediment captures a certain area and pyDGS computes the percentage of each grain size class
within this frame by fitting translated and scaled wavelets. To convert this information into useful statistics,
the following st@s are taken for afjrain size categories in an image: 1) calculate the total number of grains

in the photo frame, 2) estimate the volume of each grain class, and 3) compute the mass of each grain size
category by multiplying the number of grains by thaitume and densityn this study, the grain shape

was estimated and calibration was done with sediment samples that were photographed and sieved.

Results

Figure 1 shows the potential of this new method by displaying the reshitgheesolution spatial

sampling. Despitéhe relatively large standard deviations, the relative patterns are apparent. As such, the
results are promising for detailed and tigfécient mapping of spatiotemporal trends in volubye

weight measures of grabizes .
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Figure 1: Crossshore distribuibn of grain sizes acquired with the new method (note: 0 and 19 m
correspond to the high and low waterline, respectively).
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Introduction

During strong wind conditions, wirblown sand accumulates on hard engineered coastal infrastructures
(e.g., dikes, roag] railways), leading to increasing costs in infrastructure management and destructive fails
(e.g. train derailment{]l]. Every year, a lot of effort goes into cleaning these infrastructures especially in
Raversijde, Belgium. Jersey blocks already present on the dike are able to stop a part of thi@wmnd

sand but are insufficient during high windspeeds. To mitigatedhid nuisance, a dwie-front-of-a-dike

pilot site was implemented on the upper beach in front of the seawall. In this study, volume changes and
changes in dune parameters will be related to forcing factors (e.g., windspeedirantion) and
parametersof vegetation and brushwood fences (e.g., cover and density). In this way, theoéffect
brushwood fences and marram grass on initial dune development will be studied.

Methods

In the spring of 2021, a new engineered dune area of 750 x 20 m? was cetstfuot in front of the
traditional sea dike (Figure 1). A spjitot design of 10 x 10 m2 blocks was used to plant vegetation in
different spatial distributions (regular, random and clustered) with low and high densities. Occasionally,
vegetation was swunded by brushwood fences (low and high densities) at an original height of 1m.
Monthly drone surveys are used to monitor topographical changes along l-3hosprofiles and 8
divided zones, simultaneously with wind conditions.

Results

Results showa clear difference in crosshore development during the first year of monitoring. The
influence of vegetation combined with brushwood fences is much more prominent than vegetation on itself.
The combined zones had a dune growth 62@8n3m while the vegjation zones captured 42 m3/m.

These brushwood fences are able to capture a larger amount of sand but have a decrease in trapping
efficiency over time as several combined zones became completely saturated at the end of the first year
(March 2022). Nevplanting will be necessary as these fences are, compared to vegetation, unable to grow
and consequently trap sand in the future.
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Figure 1: Dunein-front-of-a-dike pilot site at Raversijde, Belgium divided in 8 zones and 12-shuse
monitoring profiles
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Introduction

Parameter uncertainty can beiaportant contribution to uncertainiy the predictions of morphological
models on an engineering time scale-2&¥). This uncertainty is rarely assessed in practical model
applications in the coastal zone because existing morphological models areatmmally demanding.
However, a singl deterministic prediction does not provide an uncertainty range originating from
parameter uncertainty. The cliee model ShorelineS is now being upgraded to the level of a verified
engineering software tool as pait @ joint industry TKI project led byeltares and IHEDelft. The
efficiency of this model creates the opportunity to assess the parameter uncertainty in coastal zone
applications by doing many computations.

Methods

To assess the parameter uncertaingy digvelopment of the Hondsbossche &unourishment is modelled

for the first five years after placement. Over 7000 simulations with different parameter settings have been
analysed using the probabilistic GLUE method. Within this method, an uncertaidyidénconditioned

on observations isstablished. A total of five model parameters have been varied within reasonable ranges:
(1) the median grain size, D50; (2) the breaker inde3) the scaling factor in the longshore sediment
transport formulaegsae (4) the offshore depth of the@lied wave boundary conditiordiee, and (5) the

active profile heightd. Moreover, four different longshore sediment transport (LST) formulae are used in
the model simulations.

Results

Results show that the mod=in be calibrated to accurately padihe temporal variation in) the volume
change over the central part of the nourishment (Figure 1a). Two parameters are identified that influence
the model predictions significantly: the sediment transport scalitgy fge.as and the active profiledight,

d, with especiallygscae Strongly dependent on the LST formula. In addition, the model skill increases when
the wave boundary is applied at a larger degikd, enabling the foreshore to rotate with the slioee
change. The observed variatian the shoreline position is well enclosed by the predicted uncertainty
bandwidth (Figure 1b). In more detail, the model is not able to reproduce the strong alongshore variations
in the observed shoreline retreat.
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Figure 1: Temporal volume changes ovihe central sector of the HBD since construction (a), and
shoreline position change in the alongshore direction after 5 years (b). Central sector indicated by black
vertical lines in panel b.

The resultseveal the uncertainty in ShorelineS model appions and their origin. Parameter uncertainty

can result in large variations in the forecasted values, with parameters and LST formulations showing a co
dependence. The results show that a reasonable &stifmancertainty can be obtained with only 2500
simulations.
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Introduction

In this study, the motion of particles in the nearshore zone of dbagied beaches is investigated.
Spreading and accuration of particles in the coastal areas are very relevant to study, dng.darttext

of waste management and maintaining clean beaches. Particularly important drivers of particle motion
include rip currents, the Stokes drift, widdven currents, cuents driven by wave rollers, the undertow,

and turbulence (van Sebille et &020). Here, the motion of both passive buoyant andboayant
particles under different environmental conditions is analysed. Focus is on whether, and under what
conditions @ the particles beach, get trapped close to the shore, or escape into theegmen

Methods

As a case study, the motion of plastics in a sivgleed beach system in Duck, North Carolina, is analysed.

To track the particles both on the surface of tlaew but also within the water column, a 3D wave
averaged model was develop&tie Lagrangian velocity field used for the computations was derived from

the output of a nonlinear morphodynamic nearshore model (Garnier et al., 2008). Several simulations wit
varying wave conditions and wind patterns were performed to quantify thvedikaportance of the

drivers on the motion of both floating and sinking plastics released at different locations of the model
domain. Moreover, the probability distributiontofh e parti cl esd f at e, i .e. wh
or escape, and thesociated time scales were computed.

Results

The relative importance of different drivers depends on the initial environmental conditions. For floating
particles (Fig. lleft), weak rip circulation favours onshore movement of the particles due to cambin
effects of the Stokes drift and wave rollers. However, if the particles sink (Fig. 2 right), the undertow moves
them away from the coastline where they can get trappédieimip cells. The turbulence affects the
trajectories of the particles widenirfget probability distribution of their final position.
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Figure 1. Left: Lagrangian flow field in the nearshore zone of Duck and the resulting trajectories of
floating particlesreleased at the offshore boundary without the effect of turbulence. Right: drageaif
3 sinking particles released close to a rip cell with added turbulence.
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Introduction

The effect of tides on the total, tid@eraged longshore transport can be profound but is not easy to
represent in existing bulk transport formulas. The formula by van Rijn (2014) allows for tre¢anabfi a

tidal velocity, but this leaves open the dims of how this is varying in space, across the profile and
through the tidal cycle. In the framework of the ShorelineS TKI project, a collaboration between 15
companies and institutes to operatioralithe ShorelineS model (Roelvink et al, 2020) for &bas
engineering applications, including the effects of tides featured prominently. Here we outline a method,
inspired by that by Southgate (1989), to accurately deal with the combination of vertidadrazontal

tides and obliguely incident waves to prtdongshore transport rates.

Methods

The longshore velocity due to tidal water level gradients can be solved analytically using linearized bottom
friction. The solution includes the effect of inarand describes the amplitude and phase of the lorgsho
velocity as a function of the amplitude and phase of the water level and the mean water depth. We can
apply this, e.g., to the M2 and M4 components, and obtain estimates of the tidal velocityasigsialual
component can be resolved as well. Wdxigen currents through the tidal cycle can be computed by
solving the wave direction and cresisore wave energy balance for each tidal water level, and solving the
longshore velocity from the balancettveen longshore forcing and bed friction. The resylintal velocity

and wavedriven current, both functions of creskore distance and tidal phase, can be fed into a transport
formulation such as Soulstwan Rijn, integrated over the nearshore zorkaareraged over the tidal cycle.

This principle was imigmented in a highly efficient Matlab function that can be called from within the
ShorelineS model just like other bulk transport formulas. The tidal coefficients needed can be easily
extracted from aeries of observations along a depth contour in add) model.

Results

The method of reproducing tidal velocity time series was tested using data from a Delft3D model of the
coast of Flanders and the Netherlands. A typical time series 14km easthoiigigeeand the longshore
distribution of the tidal veldity skewness, a proxy for tidal transport, is shown in Figure 1; the analytical
model accurately reproduces the tidal features. More comparisons and an application in ShorelineS will be
presented ate NCK days.
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Figurel: Example time series tiflal velocity (left panel); longshore distribution of tidal velocity skewness,
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Introduction

Low-energy or sheltered beaches are expected to have similar, but less pronounced, morphodynamics
compared to higkenergy or expostbeaches. Therefore, only few studies have focused cerevgy

coasts and thus, knowledge of morphodynamics in this field lags behind that @nbigly beachd¥ila-

Concejo et al., 2020)The lack of morphodynamic knowledge became especially apparent in the dike
reinforcement project of the Houtribdijk, the Netherlands. The aim of this research is to gain fundamental
understanding othe hydrodynamic processelriving the morphology of lowenergy, nottidal, sandy
beaches and develop methods to predict these morphodynamics. The Houtribdijk and Marker Wadden
beaches in the IJsselmeer region are used to reach this aim.

Results and Conalision

The hydrodynamic jcesses steering the morphology of demergy, nortidal, sandy beaches in the
IJsselmeer region were determined. Crsissre beach face erosion is linked to the yearly@5centile
wave height, implying the importance of higheergy conditions. Howev, the morphodynamics of
individual events is difficult to ascertain, due to the design of the monitoring campaign, but also due to the
similarity in morphodynamics caused by mid energy and higher energy conditions.

Below the beeh face, the platform andffshore section of the profile evolve through crshsre and
longshore processes. Combined wave heights and water levels steer the platform depth, whileevave
and circulatiordriven longshore flows determine whether thegtform extends offshor@on et al., 2023,
2021) Longshore sediment transport is quantified through the adjusted and resdNMaatRijn (2014)

bulk equation. By combining cros$iore beach face erosion, platform height and longshore sediment
distribution at the platform and offshore, beach development can be predicted.

Figure 1. Conceptual model afediment trasport at lowenergy, nottidal, sandy beaches during storm
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Introduction

Bed sediments in estuaries and tidal basins often consist of mixtures of sand and mud. But although much
is known about the erosion behaviour of the individual sediment fractions, our quantitative understanding
of the erosion of santhud mixtures remaingnhited, especially under the combined effects of waves and
currents. In order to advance our knowledge on samd interaction processes, an international
consortium of research institutes, consultants and dredging contractors is jointly investigatinmidand
dynamics by means of physical experiments, field measurements and numerical modelling. The expected
outcome of this project is a better suite of complex numerical models (such as Delft3D and Mike) and
simple analytical tools to better predict, fortamee, the navigability of channels and effects of accelerated

sea level rise on the sediment budget of coastal systems.

Earlier research has suggested that (1) the erosion fluxes of sand and mud are proportionally coupled, and
(2) the amount of clay in ¢hbed determines whether the sand and mud interact as a cohesive or non
cohesive mixture. We further investigate thisthsadditional focus on the combined effect of currents and
waves.

Methods

Wave-current flume experiments were carried out in a 18ng and 0.4 m wide flume. Sediment samples

of varying composition were placed over a 3 m long stretch in the middhe dfuime, after which the

wave height and current speed were progressively increased. Next to visual observations of the erosive
behavour, OBS measurements were performed and water samples were taken at different heights to
determine sediment concentraitio A digital wavecurrent flume was developed (in Delft3D) to hindcast

the analogue flume results, in order to quantitatively undeisthe observations and improved
formulations describing erosion processes.

Results

The laboratory experiments sholat sediment cohesion affects the critical bed shear stress of the sand
mud mixture for mud fractions larger than 15%. The formatiatipples and neabed sand transport was
already suppressed for smaller mud fractions. The continuous OBS signal wasestadate the erosion

rate of sand and mud. Using the Delft3D model, we were able to further quantify the erosion rate, and show
the sensitivity of results to different sediment transport formulations.
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Introduction

Thewatermotionin tidally-dominated estuaries greatlyinfluencedby the geometryand bathymetry.

To study this interaction, a 3D model is required, where both the longitudinidtaral processes are
resolved.Two typesof processhasednodelsaretypically employedo getinsightinto thesedynamics.

High complexity3D numericaimodels suchasTELEMAC andDelft3D, andidealised3D models such
asthemodelof Kumar(2018).Thelatter modelsareexplicitly developedo gaininsightin thedominant

physical processes and to systematically analyse the influence of parameters by performing parameter
sensitivitystudies. Ugill now, 3Didealised models wenestrictedto idealised geontdes andsimple
bathymetries. To systematically analyke tnfluence of complex geometries and bathymetries on the
water motion, we developed a new idealised model, iFlow3D.

Methods

TheiFlow3D modelsolvesthethreedimensionakhallowwaterequationsisingaperturbativeapproach.

The resultingequations are solved in the frequency domain, allowing for the direct computation and
identification of prescribed tidal constituents, e.g., MO, M2, M4 etc. The governing equations can be
decoupledn thevertical dimensiorandtheresultinglDV problemcanbesolvedanalytically. Thusthe

3D problem is reduced to a 2DH problem. To obtain fast and numerically accurate solutions, the 2DH
problemis solved using a highrder finite element method (spectral elenmeethod with modal basis
functions)with curved elements, whidk essentialo obtain accurate firsand seconarder numerical
derivatives in curved geometries. The bathymetry can be prescribed in terms ofaaldnacross
channel coordinates, allowirfgr a systematic approach to stuthe influence of the bathymetry and
geometry on the water motion.
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Introduction

A substanti al portion of the worl dbébs shorelines
accelerate by risgnsea levels and changes in storm and wave climate. In order to mitigate risks of shoreline
erosion, it iscrucial to increase our knowledge of the processes that affect shoreline evolution on yearly
and decadal time scales. Many studies [1,2] have foausede evolution of shorelines on decadal time
scales, but little is known about the role of tides in ¢hislution. As tides affect sediment transport in the
nearshore, they might significantly impact the evolution of shorelines in sidat@oastal rvironments,

such as the Belgium coast (Fig. 1a). This study, which is part of a new research projedtlefrtish
government (called MOZES), aims to quantify the relative effects of tides on the decadal evolution of
shorelines.

Methods

Simulations arearried out with an existing idealized 2DH shoreline evolution model (calledrQ@i,
[3]), but extendeaduch that tides are included. The matidal Belgium coastal zone (Fig. 1a) is selected
as a study area, which features the presence ofd$aaderidges on the shelf. The model is forced with
waves and tides. Different scenarios of tidal amplitudesxgtored.

Results
Results indicate that the inclusion of tides suppresses the growth of shoreline undulations (Fig.1b). Results
for different tidalscenarios will be presented during the conference.
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Figure 1: a) Bathymetric map of the Belgiahelf, which shows a field of the-salled shoreface
connected sand ridges (sfcr) and tidal sand ridges (tsr). b) Rms amplitude of shoreline undulations (wi
respect to the initially straight shoreline profile) versus time.
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Introduction

Infragravity waves (IG) are long period (2850s) waves that contributaportantly to extreme runup and

hence are a driver falune erosion. The description of IG waves at the offshore boundary is important to
predict accurately the coastal impact and safety. However, uncertainties exist. Generally, bound IG waves
(BIG), praportional to seawell (SS) wave energy, are included fvae IG wavesKIG) are not. In semi
enclosed basins, such as the North 58a,energy can be substantial (e.g., Reniers et al., 2021; Rijnsdorp

et al., 2021). Numerical modelling (Rijnsdorp et 2D21) demonstrated thalG waves may bounce off

the dstant coasts of the UK and Denmark, cross the North Sea basin, and become a source of incoming IG
energy at the Dutch coast. To further improve the understanding and quantify the importance afjincomi
FIG waves in semenclosed basins, observations of theectional field ofBIG and FIG waves are
essential. In this contribution, we aim to determine the directional characteristics of bound and free I1G
waves from detailed measurements of an entimensseason (2021/2022).

Methods

A 5-month dataset (Nov@21-Apr 2022) of continuous 4 Hz measurements of velocity, pressure and sea
surface elevation was collected as part of the Realdune/REFLEX campaign. Data was obtained by ADCPs
and an ADV deployed ia crossshore array with bottom frames at 14.5m, 8.9m @usdm depthBIG
waveheightflsic) was estimated from the pressure head time series using bispectral analysis, WBereas
waveheight i) followed from the total IG waveheighiti{ic) andHzgc. Directional spectra &1G and

FIG waves were estimated using the spectra reconstruction method of Matsuba et al. (2022).

Results

Ten energetic events were identified in the data set with substidintia}> 0.12m at the most offshore
frame). Figure 1 shosvhow BIG and FIG evolve duringthe most energetic event. The directional
distribution of FIG changes from isotropic to anisotropic during the peaks of the storm (red boxes). At the
conference we will discuss in detail how the directioRI& waves changefrom predominantly outgoing

to incoming depending on the direction $6waves. Potentially, the observed energetic incoming FIG
waves are important to accurately assess coastal safety.
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Introduction

A combination of natural processes (wind, waves,taes) and human activities (managementases),

gradually shape the landscapes of sandy beaches (Lazarus, Ellis et al. 2016). Worldwidbageudies
mainlyfocusednanalysng theimpactof natureonthevegetatiorcoverandmorphologyof sandypeaches.
Human effects on sandy beach | andsc agoetprinticghee r ar
permanent impact recreation has on the beach landscape. In thishreseaaim tanalyse the pattern of

beach visitors' footprints to expthe impact of human activities on vegetatowerandmorphology
andquantifytheircombinedastingeffectsin spaceandtime. We aimto achievehis goal by developing an
agentbased model (ABM).

Methods

Our ABM contains two sub modelspatural processes sub model and a user impact sub maskinate
the impact of beach visitors on the geomorphology. Data on the number of visitoolieasedby
installing sensorsat three different entrancesof the Sand Motor. Sensordata were combinedwith
meteorological data (average daily temperature, average daily rainfall, and wind speed), tlypampf
(weekend, working day, and holiday), types and number of recreationalidaciibund eachntrance,
and the entrance accessibilitc¢ass to the car parking and public transport) to find rul@sedict the
number of visitors per entrance. We conducted surveys of beach visitors on severasdaysen, spring
and autumn toefive information about visitor activities, the entranced exits usedthe walking paths
and the duration of the visit. This information was used to design and impleisiemtbehaviouiin our
model. Theimpactof the visits wassimulatedby combiningthetwo submodels o eval uat e t he
footprint in space and time. We tested the model on a sandy beaciNietitieelandsthe SandMotor, by
runningthemodelfor oneyearandcomparingheimpactwith satellitémages.

Results

Figurel shows #maccumulated area and severity of huimgpact in the Sand Motor for one yeasthout
taking the natural impacts into account. Integration of the natural processes sub modeltandatie
influenceto calculatethe total humanfootprint still hasto be conductedln the nextstep,we will add the
vegetation cover and the impact of the human footprint on the vegetation. We withplement for a
second study area (Hondsbossche Dunes). Experiments will be conducted runmindehfor a longer
period b assess lonterm impacts, evaluatg the changes in beach width and ithpactof the human
footprinton embryo dune development.

Next step
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Coastal realignment is a coastal management approach that involves the relocation of the primary flood
defense. Nowadays, nature compensation projects and climate adaptatiocoastakzone are resulting

in landward realignment, leading to aeastablishment of tidal flooding and restoration of intertidal
ecosystems in a formerly reclaimed area from the sea. Intertidal ecosystems contribute to human well
being and society at laedy providing important ecosystem services such as coastal protection against
flooding, opportunities for recreation and habitat for a variety of plants and animals.

While the benefits of restoring intertidal ecosystems through coastal realignmenti@lyeagcepted in

policy and academic circles, the implementation of concrete projects often faces opposition from the local
community. Public opposition to coastal realignment may result in the delay or complete cancellation of
planned projects and dishgrelationships between authorities and the local population. In consequence,
to facilitate design and implementation processes, it is important to understand to what extent and under
what circumstances coastal realignment interventions are supporté@ lngal population and what
factors contribute to social support or opposition.

Accordingly, in this study we examine the social response to coastal realignment. We hereby focus on one
ongoing (Hedwigepolder) and two fully established (Rammegors angdrigk project locations in the
Southwest delta, the Netherlands. A comprehensive questionnaire instrument was elaborated and
administered in neighboring towns, resulting in about 100 fitledquestionnaires per project location.

We computed correlatienand constructed regression models using SPSS and R to analyze the
guestionnaire data.

The results show that inhabitants in the surroundings of the Rammegors and Hedwigepolder project
locations have little sympathy for coastal realignment. Negativensati revolve around governance
related aspects (e.g. lack of trust in authorities and planning procedures) anglsgohimogical factors

(e.g. disruption of placeslated bonds and feelings disconnectionwith the social and physical
surroundings). Iraddition, inhabitants associate the landscape transformation with the loss of ecosystem
services. This is a noticeable outcome, given that it is a key policy objective of coastal realignment to
increase the availability of ecosystem services.

When it conesto the transformation of Perkpolder, the local population is critical toward planning
authorities and concerned about the possibility of salt intrusion and environmental pollution (due to the
presence of PFAS in the Western Scheldt and heavy methisiewly established sea dike). Meanwhile,

in contrast to Rammegors and Hedwigepolder, the transformation of Perkpolder is generally considered to
have increased the availability of ecosystem services. Local inhabitants recognize the contribution of
coasta realignment to erosion control and flood risk protection, but the new landscape is particularly
valued for its cultural ecosystem services, including landscape aesthetics and opportunities for recreation
and tourism. We found that this translates intooaerall positive attitude to the coastal realignment
intervention and the landscape transformation more broadly. Hence, to achieve socially acceptable and
sustainable outcomes, it will be important to minimize the loss of cultural ecosystem serviettsr geh

look for possibilities to increase the availability of cultural ecosystem services through coastal realignment.
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Introduction

Intertidal areas in estuaries are often inhabited by vegetation, which plays a crucial role in shaping these
ecosystems and providingaluable ecosystemesrices. It is essential to understand how intertidal
vegetation responds to changes in sea level, river discharge and salinity induced by climate change or
anthropogenic influence, to determine the effect on its ecosystem servidberirore, while nate-

based solutions are receiving attention for the sake of coastal safety, these solutions are understudied for
the mitigation of salt intrusion.

Approach

A combination of available data from field surveys, remote sensing, and mgdelinniques will be

applied to identify the potential of vegetated intertidal areas, both fringing ashenshel flats, as nature

based solutions to mitigate salt intrusion. Vegetated intertidal areas located in salt, brackish and freshwater
regions in he Scheldt estuarytom the mouth near Vlissingen, the Netherlands, till Gent, Belgium are
used as study areas in this project. In the first phase, the distribution of estuarine intertidal vegetation over
the past 30 years will be studied using remotesisgrtechniques aralvailable data from field surveys. In

phase two, the vegetation distribution will be linked to a level of salinity to obtain response curves. An
expected vegetation distribution can then be obtained by coupling these curves witsdehamgos for

salt ntrusion. Shifts in vegetation distribution will alter hydrodynamics, sediment dynamics and therefore
bed level dynamics, ultimately influencing the ecosystem services by vegetated intertidal areas. Therefore,
the third phase comprisesfull biogeomorphalgical analysis of the development of vegetated intertidal
areas, forced by changes in salinity, sea level and river discharges. By combining insights from the first
three phases, the final phase investigates the potential of vegetatedal areas asaturebased solution

to mitigate salt intrusion.
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Figure 1. A schematic representation of the Scheldt estuary, showing its salinity distribution and the
presence of the five vegetation species at their typical salinityilllisteations of the vegetain species

are not to scale. Salinity data from (Breine et al., 2008). Vegetation illustration courtesy of Lizzie Harper
and Botanicalonline.
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Introduction

Alongshore sediment transport is onetloé key parameters in the design of coastal infrastructure. It
determines théfe-time of nourishments and the intensity of maintenance dredging.

However, sediment transport in the alongshore direction is not uniformly distributed over thehomess
prdfile as demonstrated by e.g. Kamphuis (1991) and Bayram et al. (2¢&lg.driven transport is bound
between the rup limit and the depth of closure. As the alongshore transport is governed by wave energy
dissipation, peaks in transport rate are exgeoter bars and in the swash zone. Furthermore, aeolian
transport onlytakes place on the swierial and sufficiently dry intertidal beach. Especially in msctal
environments the boundaries for sediment transport are highly modulated with the tidevendinup.

The question is how that modulation averages out and whtre beach profile the highest transport rates
are found.

Methods

In the harbour of Blankenberge, Belgium, over 100 rihdim surveys were performed for maintenance
dredging operigons, covering 2015 to 2021. The harbour access channel functiorssad ttap, due to

the smooth lowcrested breakwaters, nearly level with the adjacent beach. Between surveys sediment is
deposited in the channel. Volumes and patterns can be corralateel theoretical transport, based on
nearshore hydrodynamics. A tigauge and meteorological station are present in Blankenberge harbour,
a directional wawéuoy is located nearby at 8 m depth.
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Figure 1: Deposition in relation to the coastal profile ritug the February 2020 storm. Upper panel:
deposited volume in thleannel (m3/m). Lower panel: coastal profile (May 2020) and mean high and low
water levels (dashed). Right panel: probability of exceedance of the still water level.
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Introduction

In sandy coastal seas, such as the North Sea, tidal forces cause the formation of sand waves. These
bedforms can grow up to 10 meters in height and hundreds of neetgrahd migrate several meters per

year. Variations in physical parameters and foodlavidity along these sand waves lead to a high
heterogeneity of habitats on a small spatial scale, where particularly the troughs house a surprisingly high
amount of lenthic organisms (Damveld et al, 2018). The increasing number of offshore windfarms)(OWF

will lead to cascading effects both during the construction phase (immediate impact) and the operational
phase through alterations of local currents, sediment wanapd, consequently, morphological patterns
(chronic impact) (Rivier et al., 2016). Win Footprintwe aim to investigate this interplay between
dynamic bedforms and hard structures.

Sampling campaign

During the summer of 2022 we carried out a fielthgling campaign around the Dut8elgian OWF

(Figure 1). In this campaign three researebsels collaborated to study the hydrodynamic patterns, water
column suspended matter characteristics (SPM), and sediment oxygen consumption, in and around the
OWFs,and on the sand wave fields present in this area. During the conference we will fhredest

results from this sampling campaign, with a focus on the hydrodynamic and SPM results from the Dutch
side of the windfarm area.

SEA RESEARCH

Figure 1: NIOZ research vesel Pelagia close to the Borssele OWF area near the EBébgian border,
location of the 2022 summer sampling campaign in the Footprint project.
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INTRODUCTION

Along asubstantiastretchof the Dutchcoastlinecoastaldunesactasthe primaryseadefenceo protect

the lowlying areas behind it fronflooding. To ensure that these dunes are strong enmugheet
national safety standards,models are used to assesstheir strength. Even though our modelling
capabilities have significantly improved over the yeamsdel uncertainties remain because specif
processeare notyetfully understood.

One of thes uncertainties is the effect of sediment grain size on dune erosion, causing the relative
importanceandeffectof this parameteto differ significantlyamongduneerosionmodels(vanWiechen

etal. 2022).

APPROACH

Field experiments to study the effenft sediment grain size on dune erosion were conducted from
SeptembeR4 until SeptembeR72022.Two openshippingcontainersvereplacedn theintertidalzone

and acted as coastal walemes. Inside both containers, artificial dunes consisting of difitelype of
sediment were built and exposed to wave attack during high watéotal six experiments were
conductedn which 4 different grainsizesweretested Duneprofile developmat anderosionvolumes
were monitored using GoPro images and GPSé&es. Hydrodynamic conditions were measuisidg
pressuresensorgRBR) and velocimeters (ADV).

ANALYSIS AND RESULTS

Wave impact theory (Fisher et al. 1984; Larson et al. 2004)used to (1) compare the incident
hydrodynamiconditionsto measureerasionvolumesandprofile developmenin time, and(2) isolate

the relative importance of sediment grain size on dune erosion. Preliminary results imply that larger
grainsizesresultin smallererosionvolumes.Thesefindings will bepresentedtthe NCK days.
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Figure 1: a) Extractionduneprofile contourfrom GoPro image.
b) Artificial duneinsidecontainer,exposedo runup.c) Definition of theerosion volume.

REFERENCES
Fisher, J. S., Overton, M. F., & Chisholm, T. (1986). Field measurements efedagion. Coastal

Engineering?, 1107 1115.

LarsonM., Erikson,L., & HansonH. (2004).An analyticalmodelto predictduneerosiondueto wave
impact.CoastaEngineeringp1, 675 696.

vanWiechen,P.P.J., deVries S.,Reniers A.J.H.M., Aarninkhof,S.G.J. (2023).Duneerosionduring

storm surges: A review of the observations, physics and modelling of the collision regime. Submitted
toittedto CoastaEngineering

60


mailto:C.C.deHullu@student.tudelft.nl

Geen Zee Te Hoog: Anticipating for accelerating sea level rise in the spatial desigriand-
water transitions via a participative design process
J.C. de Smit", W. van de LagewégT.J. Bouma?, JM. Buijs, T. Gerkem3 A. Herrebout, C. Nolf, L.
Papenbory L. Struckmad, T. Terpstra
'HZ University of Applied Science$NIOZ Royal Neherlands Institute for Sea Reseadiageningen
University & Research
*corresponding author: jaco.de.smit@hz.nl

Introduction

Sea level rise (SLR) threatens ldying coastal areas. After 2050 SLR may potentially accelerate, but how
strong the acceleratiowill be is unknown. Extreme scenarios call for extreme measures to ensure water
safety, and the uncertainty in SLR rates<allf or fl exi bil ity in spatial
professionals want to leave room for future generations to make deciBnsteads to a dilemma. Large
decisions are postponed, putting their feasibility under pressure when circumstances tahfor
Therefore, there is a need for a joint learning process to obtain insight in the feasibility and durability of
possible costal defence strategies, and their societal support.

Approach

With Geen Zee Te Hoog, we aim to develop a participative and iterative process to develop spatial designs
of landwater transitions and apply this to the Western Scheldt via living labdsladhtext we will also
investigate opportunities for natup@sed solutions and the physical and ecological boundaries thereof.
Firstly, promising naturdased solutions will be selected based on present and potential future
developments for each livingb (of e.g., SLR, sedimentation/erosion patterns, waves, siespeadiment
concentrations, etc), which we will determine from existing data and literature. The selected solutions will
be assessed on wave attenuation and shear stress reduction usimgeeliodel. Land level growth
potential under SLR will be estintead from SSC and inundation duration.

Secondly, results of step 1 will be used to design potential future bathymetries in each living lab. Flow and
wave patterns will be modelled in 2D astpafrassessing landscape quality. This will serve as input for
the development of spatial strategies and design guidelines which will be developediratioe manner

with all stakeholders involved.

Example of a dyke landscape in the Western 8c(tehuitershoek, photo by Edwin Paree).
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Introduction

San Francisco Bay (SF Bay) is one of the largest estuaries along the U.S. WestdDoasted to the

Pacific Ocean through the Golden Gate. The estuary has been subject to anthropogenic activities, such as
channel dredging and sand mining. Replenishmetantial of these mining locations and their impact on

the neighbouring bathymetryiisostly not known. This research assesses how sediment dynamics connect
the mining areas to their surrounding environment. This shows, on a regional scale, which greas ma
morphologically be affected by the respective mining activities. The SedTRAILS nodahjgdand its
visualisation of sediment dynamics shows to be a promising tool to analyse the impact of dredging
activities.

Methods

The sediment transport will be calated using a morphostatic depth averaged Delft3D 4 modalpset
and validated by Edis and Hansen (2013). As postprocessing SegTRAILS Gedment TRAnsport
vlsualization &LagrangianSimulator) was applied to visualize and analyse both the net aosksg
sediment pathways to determine the connectivity within SF Bay (Pearson et 4)., 202

Results

In an environment like SF Bay, influenced by tidal forcing, waves, river discharge and complex geometry,
the SedTRAILS results give a clear indication afiseent transport directions. SedTRAILS results show

that the influence of waves andeivdischarge on the sediment transport is limited when compared with
the tidal forcing. SedTRAILS results clearly reveal-sumba connections and local relocation ofirmeat.

Figure 1 illustrates, as an example, that on the 4bom sediment is mainlyoming from the North and
deposited at the shoal south of Angel Island. On the longer term, sediment is also coming from South Bay
and mainly ending up beyond the Goldgate, at the ebb tidal delta.
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Figure 1: Connectivity of mining ring (black coniobelow Angel Island) with surrounding areas for (a)
5 tidal cycles and (b) 50 tidal cycles, the size of the dot indicates the strengtltahtieetivity.
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Introduction

Studies involving detailed wawesolving models gained substantial popularity over the past decade. The
main advantage of such models is that more physical processes, such as nonlinear wave alydamics
wave breaking, are intrinsically resolved by the pl@tjuations. They are for instance applied to determine
wave runup on beaches, wave overtopping over coastal structures (e.g., using SWASH) and to assess
storminduced dune erosion (e.g., using XBaa®espite the more accurate representation of thagshys

a downside of such models is the deterministic nature of the models. As the phases of each wave component
are randomly picked by the offshore wavemaker, the spatial model results are a slisgitoreaf this

specific random phasing. Consequendifferent random phases result in a spatially different outcome,
thereby introducing a range of uncertainty. Recently, Rutten et al. (2021) showed that the uncertainty
associated with the random phragsfor the specific case of extreme wave runup is upls. So, the

results of a single model simulation can be either an umdeverestimation, which is undesirable for
engineering purposes. Therefore, this study quantifies the uncertainty fordardimga of hydrodynamic

and morphodynamic model resudtisd proposes a future solution to reduce this.

Method and results

Three different 1D cases are simulated: 1) wave dynamics over a coastal profile with SWASH; 2) wave
reflection and overtopping againa seawall with SWASH; and 3) dune erosion duringoarsusing
XBeach Surfbeat. Stochastic model results are obtained by ensavabdging the outcome of 100
simulations with different random phasing.

The uncertainty in hydrodynamic (e.g., infragrgwvave height, overtopping, wave shape, max crest
heigh) and morphodynamic results (e.g., beach profile, bar height and dune erosion) is quantified by
comparing the individual model simulation results to the enseavgeaged results. As an example, Fégur

1 shows the uncertainty of the maximum wave crestie@igng a coastal profile.
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Figure 1. Deterministic variability in maximum wave crest height along a coastal profile.
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Discussion and outlook

The design of for instance a seawall crest heighyrqmmtection stability or wind farfoundation can be
supported using SWASH results. Additionally, in The Netherlands dune safety is assessed using the
XBeach Surfbeat model. Hence, obtaining reliable stochastic results from these deterministic mbdels is
high importance. Therefore, a nedevelopment will be proposed to adapt the random phasing of the
wavemaker to reduce future model uncertainty.
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Introduction

Salt marshes are valuable ecosystems that provide a variety of services worldwideofEmial dor

coastal protection by attenuating waves is increasingly being demonstrated. However, salt marshes are
temporally and spatially variable systems. Themsfitis important to understand and predict the dynamics

of salt marshes to assess theisilience to future stresses and to underpin the design of thaised
solutions such as living dikes. Resilient marshes are stable or expanding over time ynugpressures.
However, tipping points can be reached for example under conditions fofwaige energy and low
sediment availability, leading to cliff formation at the transition from the salt marsh to the mudflat and salt
marsh retreat. The physical fact that determine lateral salt marsh dynamics, and the interaction between
salt marshesral tidal flat dynamics, are poorly understood and rarely parameterized in numerical models.
Therefore, this study aims to (i) provide insights into the natural dyisamfisalt marshes and tidal flats,

(i) predict future changes in biogeomorphologicalgaesses under different scenarios of sea level rise,
storms, and suspended sediment availability, and (iii) determine the influences that artificial structures (i.e.
brushwood dams) can have on the resilience of salt marshes.

Methods

The research will beonducted in three phases. First, the natural dynamics of salt marshes and tidal flats
will be studied using highesolution, UAVtderived DEMs and orthomosaics ofdidifferent salt marshes

in the Dutch Wadden Sea over a thyear period. Secondly, thegilience of salt marshes to different
influences (e.g. wave height, availability of suspended sediment, rise in sea level) will be tested by
extending a recently deloped numerical model (Willemsen et al.,, 2022) and including cliff erosion
processes. Thaodel will be calibrated and validated using the field data gathered in phase 1. Thirdly, the
effect of artificial structures on salt marsh dynamics will be invasgi using the previously validated
model.

Results

This research is part of the projedtibg on the Edge and runs from 2022 to 2026. The results will provide
insights into the resilience of salt marshes, potential future tipping points leading tausdtratreat, and
the use of artificial structures to help ensure the resilience of aehes under future pressures.

Figure 1: Wierum salt marsh cliff (image courtesy: S. Dzimballa).
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Introduction

Predicting where intertidal vegetation will occur in the future is important for the management of nature in

our estudes. Currently we rely mainly on measurements of elevation and local hydrodynamic forces to
predict the occurrence of vegetation. Howegenallscale morphological features on the tidal flat known

as oOoniuinmgel patternso6 ha vuely shimenhabitad farrtheé estaldishmenteoh t e
pioneer vegetation. If these patterns are to play an important role in the transitioarbetiakflats and

marshes, it is important that we understand (1) how and why they form, and (2) where we atkelypost li

to find them.

Figure 1: Photos of the same tidal flat near the marsh of Zuidgors in the Western Scheldt, NL, in 2021 and
2022, where ~20 ha of marsh expansion occurred in a single year. Note the pattern of ridges and pools on
the tidal flat in 202. The red ovals highlight a reference pole featured in both photos.

Methods
We investigated these questions using a combinaifogeospatial surveys, field measurements, and
laboratory flume experiments.

Results

We found that ridgeunnel patterns genaly form in very silty sediment, high in the tidal frame (above
neap high water), on tidal flats of very shallow slope (< 3ekgr The ridges of the patterns are protected
by no more than a 2 mm thick layer highly cohesive eres#sistant sedimenhat does not form beneath
pooling water. This layer forms on extremely short time scales and can form significant erodibility
gradents across the landscape within 24 hours, as long as the sediment remains undisturbed. We think that
the buildup of this eosionresistant dry layer is the key mechanism driving pattern formation, and later
facilitating seedling establishment. In thegard, ridgeunnel patterns could be considered a transitional
stage between a tidal flat and a marsh. Thus, when the gdttecame a consistent feature of a tidal flat,

it strongly indicates future marsh expansion into area. By monitoring the foriratigevity, and growing
intensity of these patterns with aerial photography, we can receive prior warning of vegetati@mexpan
potentially years in advance of the actual appearance of new vegetation.

65



Lower shoreface sand transport: offshore oonshore?
P.F.V.W. Frankemolfes, J.J. van der Welf, R.W.M.R.J.B. Ranasingh&® S.J.M.H. Hulschér
! University of Twente2Deltares IHE Delft
*corresponding authop.f.v.w.frankemolle@utwente.nl

Introduction

The Dutch lower shoreface issandy and gently sloping (1:200 to 1:1000) environment that separates the
upper shoreface and the continental shelf, situated betweatefths of8m and-20m. Sand transport

rates in the lower shoreface are relatively small, complex and determinedlinean processes. It is
assumed that waves and storm events play a large role in the morphological evolution of the lower
shoreface (vader Spek et al., 2022, and references therein), though the effects of storm events on lower
shoreface sand transpoaMe not been studied in depth. Most knowledge on lower shoreface sand transport
stems from modelling efforts, where calculated csisse sand transport rates are unreliable, to the extent
where it is unknown if the transport is directed offshore or aesHthis transport might impact the long

term evolution of the coastal foundation and consequently may be important for coastaloprotdtth
becomes increasingly relevant with the continuous threat of increased sea level rise.

Aim & Approach

This PhD research aims to identify and quantify dominant sand transport processes (e.g., waves, winds,
densitydriven currents) in the lower stedace, with a specific interest in the effects of storm events. We

will investigate the importance of these processmeshorter timescales and their influence on net sediment
transport over longer (morphological) timescales. This will be done with aicatidn of 2DV and 3D
hydrodynamic simulations of the Dutch Coast in Delt#3M, coupled with sediment transport etjaas.

The research is part of the recently started MELOBY{EIling LOwer Shoreface Seab&d namics for

a ClimateProof Coast) project, #t has the goal to improve the understanding of lower shoreface seabed
dynamics and is funded by the NWO.
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Figure 1: Schematic crosshore overview of the lower shoreface showing different physical processes
with associated net sediment transport directin general, these processes are stronger closer onshore.
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Introduction

Sediment transport processes in coastal systems are extremely dynamic and complex. For example, bed
properties vary spatially and temporally as forcing conditidees waves and wind change over time.
Simultaneously, sediment transport both depends obetieoroperties and alters the bed properties. It is
nearly impossible to study or simulate the full variability and interaction between different coastal
processe. However, we believe that a systematic strategy to unifying the knowledge exchange between
different academic and applied research approaches can generate new insights into coastal dynamics.

Connecting academic and applied approaches through the adapt®&iirland Triangle

Guidance on the application of newly gained insights and the rateaéling are provided by the Burland
Triangle (Burland, 1987). We have adapted the Burland Triangle that is commonly used in geotechnical
engineering into a frameworkahfits the coastal context (ABT; Figure 1). We use the ABT to create
effective interation between different academic and applied approaches based on (a) measurements of
physical properties, (b) numerical modeling and (c) coastal evolution observatoas. é&xample, we

show how field measurements of grain size variability on a beachrfapform generic model scenarios

that can be used to evaluate the effect of grain size on aeolian sediment transport simulations (b). These
simulations show that thefett of grain size variability on aeolian sediment transport may be limited under
certan conditions. This finding helps to interpret and predict (c) coastal dune development. For future
work, the ABT can be used as a guide to ensure that diverse appr@aehiategrated and that they
contribute to building experience within coastal redearad engineering.

a) Physical properties
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Cross-shore location
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Figure 1. The implementation of recent work within the adapted Burland Triangle (ABT) which was
modified from Burland (1987) fiit the coastal research and engineering context. Dashed arrows indicate
potential connections between components.
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Introduction

Sand nourishments have become larger in scale and more complex over the last 70 years. In the coming
decades, the demands for nourishment are expected to further endigmdo the rising sea levels.
Therefore, it becomascreasingly important to have mereliable sediment transport predictions to help
manage the placement of sand. However, in addition to sand, large quantities of mollusc shells can also be
found on tle ocean floor. With increasing shell content, sandlgiglimensions are reduced and ripple
migration rates slow down (Cheng et al., 2021). In essence, this limits the rate-loadbechnsport.
Nevertheless, there is still a need to better quantifyeldédad transport of a bed composition consisting

of asedimenishell mixture. Moreover, the shape of the shells is expected to also play a role. This study
aims to gain insight into curredtiven bedload transport of a sedimesitell mixture using bivak shells

of different shapes and sizes.

Methods

Flume experiments were carried out in the racetrack flume facility at the NIOZ Royal Netherlands Institute
for Sea Research (Figure 1a). The flume is equipped with a conveyer belt to generate unidiflegtional

A set of two separate experiments were condligig a slowly accelerating flow experiment to measure
the influence of bivalve shells on the threshold of motion of sand patrticles, and (ii) a constant flow
experiment to measure their influence coti@riven bedload transport (Figure 1b). In the coanst flow
experiment, flow velocities ranging from just below (0.25 m/s) to-aletive (0.45 m/s) the threshold of
motion were tested. The sedimeshiell bed composition was altered in both experimepthlnging the
volumetric percentage of shell contelhe bed compositions consisted of two different bivalve shell
speciesEnsis lee{elongated) an&pisula subtruncatéounded)(Figure 1c).

Figure 1: (a) The racetrack flume. (b) B&zhd trap used dring the constant flow experiments. (c) Bed
composition with changing percentages of shells.

Results

Here we show preliminary results of the influence of shells on the threshold of motion of sand particles
under varying bed compositions. Additionally, geantify the bedoad transport over time fathe
different flow velocities. Finally, we relate this to characteristics such as particle size and shell cover.
Preliminary results show that the dmgight of the transported material reduces with the poesefshells.
Moreover, we have observed axcriease in shell cover over time.
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