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WHY MODEL A COASTAL PROJECT? 

 To understand coastal processes/performance drivers. 
 To balance sand retention and downdrift impacts 

on coastal structures projects.

 To fine tune beach fill total volume placement and 
fill alongshore density distribution.  

 To refine channel cut design and refine cut volumes. 
 To evaluate the impacts from coastal projects. 

 To evaluate performance of design alternatives relative 
to one another. 
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WHY DID WE START USING DELFT3D

Longboat Key, Islander, Permeable Adjustable Groins
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Beach

Groin

Transport outer bar  (2) 

Transport inner bar (1)   

WHY DID WE START USING DELFT3D

No numerical model at the time could simulate these processes. 
Difficult to optimize the design of a permeable structure. 
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WHY DID WE START USING DELFT3D
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THE FIRST STUDY – LONGBOAT KEY ISLANDER, 2004
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FDEP COORDINATION AND DELFT3D GUIDELINES

floridadep.gov/sites/default/files/GuidNumModSubB
BCS_0.pdf

https://floridadep.gov/sites/default/files/GuidNumModSubBBCS_0.pdf
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DELFT3D MORPHOLOGY IN A NUTSHELL

• Delft3D is process-based model. Genesis, SBeach 
etc. are data-driven empirical models.  

• Process Based Model: Built on an understanding of 
the  underlying physical principles and mechanisms  
governing the system. 

• Data-Driven Model: Developed based on observed 
patterns and relationships in data. Doesn't rely on 
explicit knowledge of underlying physical 
processes.



CHALLENGES TO MODEL COASTAL MORPHOLOGY

 Computation requirements
 Model complexity: No. of parameters, how to make sense of results 
 Hydrodynamics timescale and morphological change timescale differences

 Site specificity: there is no one size fits all model approach
 Heterogeneity  of sediments and resistant layers in the coastal systems – i.e., inlet and 

beach systems

 Uncertainties in future wave climate
 State of the art – unknown processes, science is still evolving (and it always will) 

1

2

3



CHALLENGES TO MODEL COASTAL MORPHOLOGY

 Wave climate schematization: Reduces timeseries to a set of representative conditions. 

 Tide schematization: Done so every wave case can be run over the same tidal amplitude. 
Very important for inlets. 

 Wind schematization: Done in conjunction with wave (wind associated with wave records) 

 Morfac: Morphology acceleration factor, morphology upscaling technique. 
Simple example: One wave case run over a 12hr cycle with a Morfac of 10 will represent 12 days 
of morphological change. 

 Improvements in computing power over the years, cloud super-computers



WAVE CLIMATE SCHEMATIZATION 

Condition MorFac (-) Hsig(ft) dir (°N) Tp (s) Tide Cycles
1 47.5 2.6 183 4.7 2
2 25.6 3.0 224 5 2
3 36.5 2.9 270 5.1 2
4 47.5 3.1 300 4.9 2
5 3.3 8.4 197 7.6 1
6 2.19 8.8 226 9 1
7 1.75 8.7 270 8.2 1
8 4 8.3 283 7.2 1

Example of annual wave schematization & Morfacs



WAVE CLIMATE SCHEMATIZATION 

1. Started quite simple – ‘fixed Hs and Dir. bins’

X Axis: Wave  Height

Y Axis: Wave Direction 

Each Box: Wave records in the wave case

Each red dot: Wave case per se

Fixed BinsEnergy Flux Method

Benedet et al., 2010

OPTI
2. Got more complicated adding wave energy 
and transport considerations.
3. Got even more complicated – intercalated 
with storms in timeseries mode when needed.

4. Got way more complicated – OPTI (but not 
necessarily better).

5. Still coming up with new methods (i.e. SJP).

• Most of the time we use #2, sometimes #3
• Chronology considerations and Mormerge



SITE SPECIFICITY AND COMPLEXITY 

 There’s no magic methodology that works everywhere
 The Grid is very important, number of cells needed across 

surf zone and channels, best practices 
 Important Delft3D-specific features we use frequently:

 Multiple sediment fractions especially in models that 
include inlets and beaches 

 Variable sediment thicknesses and resistant layers 
(hardbottom)

 Vertical layers (3D)
 Porous plates (permeable structures) 



MORPHOLOGY MODEL CALIBRATION  
 Define calibration objective. 
 Waves, WL, and currents - first step.

 When simulating morphology need to calibrate 
to morphology – volumes, transport, 
morphology change patterns.

 The modeler needs to understand the coastal 
processes - what is going on, why it is not 
‘converging’.

 Creativity is necessary to avoid never ending 
loops. Also know when to stop. 

 Morphology calibration is a journey, it is time 
intensive (60%-70% of the effort), it can be 
stressful, and it requires a collaborative team 
effort. Adapted from Roelvink, D. and Reniers, A., 2012. 

Calibration 
Period

Real development
Unadjusted model 

Calibrated model



MORPHOLOGY MODEL CALIBRATION  

Beach and inlet example: Model to be used evaluate a channel 
relocation project and erosion of beach to the SW. 

Measured 

Model



MORPHOLOGY MODEL CALIBRATION  
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Open Beach Example: Model to be used to support beach nourishment design - refine volumes and 
alongshore placement. 



STATE OF THE ART AND UNCERTAINTIES

 Keep up with the latest science and model releases, colleagues in the field
 Uncertainties will all always exist (relative changes vs absolute positions) 
 Interesting recent developments that are still to transition from academia to our 

industry 
 Aeolian transport module/coupling  
 Coupling Morphology with Eco and vegetation growth and decay – Marsh and mangrove restoration 
 Morphology using flexible mesh – Combined coastal morphology change and flooding
 Continuous improvement in underlying physical equations i.e. to describe bar movements, better 

resolve wet/dry interface, sediment transport formulations etc.



STATE OF THE ART – RECENT DEVELOPMENTS

Morphology change with marsh vegetation growth and decay in decadal scales (Albernaz, M. et al., 2023) 



STATE OF THE ART AND UNCERTAINTIES

• Currently 100% of all coastal flooding simulations 
assume the beach and dune are static, do not 
change, during major storms.  

• Delft3d Flexible Mesh (FM) combines hydrodynamic 
and hydrological Processes. Tests using the Delf3D-FM 
to simulate morphology are currently ongoing. 

• More realistic coastal flooding simulations during 
extreme storms (beach and dunes will no longer be a 
wall!). 

Collier County (Wiggins Pass), Flooding during H. Ian 
(Benedet, L. 2023-FSBPA) 
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• Follow best practices

• Understand coastal processes

• Have good data and ‘treat it well’ 

• Be creative - can’t be a ‘button pusher’

• Be able to work in multidisciplinary teams

• Be able to make sense of and communicate results

• Keep up with latest science/model developments

• It is a very powerful tool, but part of the toolbox

• Data and judgement are also important

20 years later, Delft3d continues to be the state-of-the-art 



THANK YOU!

Contact Information:
Lindino Benedet, Ph.D
Principal Coastal Scientist
Mobile: 561-609-9144
lbenedet@coastalprotectioneng.com

Special thanks to: 

Our amazing team at Coastal Protection 
Engineering!

All my Dutch colleagues who got me into 
this journey, especially Prof. Marcel Stive 

and DJ Walstra! 
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POST PROJECT: WHAT IF…
 Wonder what happens if we try some alternative placements that may reduce construction costs 

and provide temporary recreational amenity? 

680k over ~1000 ft of beach (avg 680 cy/ft) 750k over ~3000 ft of beach
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