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LEVEL OF FIDELITY FOR MODELS

Design and Optimization Long-Term Planning, 
Rapid Assessment
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Still image from van Westen 
et al. (2024) video
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AEOLIS, CONT.
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DUNE RESPONSE TOOL

Design and Optimization Long-Term Planning, 
Rapid Assessment
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ATTRIBUTES AND APPLICATIONS

Desirable Model Attributes

• Ability to simulate dune 
growth from winds and 
dune erosion from 
waves

• Accurate

• Fast

• Low Number of Site-
Specific Parameters

• Easy to Run

Applications

• Hindcasting

• Forecasting

• Probabilistic 
Simulations
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DUNE SYSTEM
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DUNE SYSTEM, DUNE TOE
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REDUCTION IN VOLUME DUE TO WAVE ACTION
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INCREASE IN VOLUME DUE TO WIND ACTION
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DUNE RESPONSE TOOL STEPS
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USER INTERFACE AND MODEL OUTPUTS

Graphical User Interface Example Model Outputs

Limitations with past approach:
-Wave and wind-driven processes were assumed to be independent
-Model primarily tracked net volume changes; wind-driven topographic changes not resolved
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NEW METHODS: WIND-DRIVEN SEDIMENT

New Approach:
• Deposition of wind-driven 

sediment added to model

• Function of where dune 
grass is located and length 
scale of sediment trapping 
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NEW METHODS: SHORELINE CHANGE RATE

* Note, added in the model as a constant shoreline change rate (SCR)
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NEW METHODS: SEA LEVEL CHANGE
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Outer Banks Model Hindcast
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Outer Banks Model Hindcast, 2-year run
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Outer Banks Model Hindcast, calibration

Automated genetic algorithm 
used to calibrate model to 
converge on single parameter 
that worked at both sites

Parameter Calibrated Value

Veg Deposition Length Scale (L) 21.2 m

Dune Erodibility Coefficient (Cs) 0.0015

Runup Coefficient (K) 1

Angle of Repose (tan⍺) 35.2°
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Deterministic hindcasts vs Probabilistic forecasts
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Lifespan Projections
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100-year runs
Stable Shoreline, Intermediate SLR Curve Mean Shoreline Change Rate, 

Intermediate SLR Curve

Cross-Shore Distance (m) Cross-Shore Distance (m)
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Change in dune characteristics over time

Dune toe position 
changes out to 100 
years for different 

shoreline change rates 
(SCR) and sea level 
rise (SLR) scenarios
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Change in dune response due to forcing changes
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Ensemble Results (1000 Simulations)

Stable Shoreline Mean Shoreline Change Rate
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Time and Likelihood of Dune Loss at Site

Stable Shoreline Mean Shoreline Change Rate

Destruction = volumes falling below FEMA 540 rule
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Destruction related to 
Extreme Storms vs Shoreline Change
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Sea Level Rise Effects
Stable Shoreline Mean Shoreline Change Rate
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Possible Future R&D Direction
Incorporation of Internal Biomass into Model

Future 100 Year Simulation
w/ Intermediate SLR

Future 100 Year Simulation
w/ Intermediate SLR + Reduced 

Erodibility of Dune
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Summary
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Questions?
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