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About me

● From Plainville, CT
● North Carolina State University

○ Started coastal undergrad research 
June 4th, 2019 

■ Thanks Beth and Casey!
○ Finished B.S. Civil Engineering in 

2021
○ Started M.S. the following fall

● Accepted a job at USGS - St. 
Petersburg

○ Pending the outcome of this 
defense

● Hobbies
○ Volleyball
○ Dog walking
○ Travel 
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Tropical Cyclones
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Hydrological Hazards
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Morphological Hazards
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NCDOT NC12 Twitter - Hurricane Teddy (2020)



Motivation
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Key Definitions
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What we care about!

transect or profile



Sallenger (2000) Impact Regimes

10Goslin & Clemmensen (2017)



Real-time Erosion Forecasts with Impact Regimes

11NHC Adv 23 Track Total Water Level and Coastal Change Forecast Viewer (Stockdon, 2023) 



Real-time Erosion Forecasts with Impact Regimes

12NHC Adv 23 Track Total Water Level and Coastal Change Forecast Viewer (Stockdon, 2023) 



Erosion Modeling with XBeach

eXtreme Beach (XBeach)

● Morphological model for storm-driven erosion
● 1D or 2D options
● Hydrodynamic and morphodynamic processes 

(Roelvink 2009)

Requires:

- High-resolution ground surface data
- Computational resources
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XBeach-Deltares



2D XBeach Modeling- robust, but expensive 
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pre-storm

observed

modeled

Fire Island, NY
Sandy 2012

Matanzas, FL
Matthew 2016

van der Lugt et al. 2019



1D XBeach Modeling - less expensive

Reduces computational 
expense

Has been evaluated for 
forecasting by other studies:

● Harley et al., 2011, 
2016

● Vousdoukas et al., 2012
● Baart et al., 2016
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Harley et al. 
2016

Note: BWD- building waterline distance, SCW - safe corridor width



Challenges for real-time forecasts

● Ground Surface information
○ “[Sallenger 2000] simple scale provides an initial estimate of the impact severity but masks 

the complexity of the hydrodynamic and sediment-transport processes and feedbacks
that drive the changes” (Sherwood, 2022)

● Model Accuracy 
○ “Improvements to the model predictions were observed as parameters were changed one by 

one from their default settings” (Harley 2016)
○ Time consuming, limits versatility

● Model result evaluation
○ “The greatest challenge in assessing the skill of morphological models is often the lack of 

accurate and timely data for comparison. But even when good data are available, 
assessing morphological model skill and uncertainty is tricky.” (Sherwood, 2022)

● Forecast Uncertainty
○ Errors propagate through forecast models  (Baart: 2011, 2016)

● Efficiency:
○ Essential to produce timely predictions of storm-driven erosion
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Research Question

How accurately and efficiently can a dynamic, deterministic morphological model 
forecast storm-driven erosion? 
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Goal and Objectives

Use the morphological model XBeach to forecast storm-driven erosion along the 
U.S. Atlantic and Gulf Coast prior to landfall

● Demonstrate 1D XBeach is capable of accurately predicting storm-driven 
erosion for over 4000 km of coastline

● Forecast storm-driven erosion during Ian
● Evaluate and communicate the erosion forecast results
● Verify that the addition of dynamic morphology affects our forecasting 

capabilities
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Storms Selected
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Hindcast Validation-

Hurricane Michael (2018)

Forecast Implementation-

Hurricane Ian (2022)



Hurricane Michael (2018)
● Category-5
● Landfall near Mexico Beach at 1200 UTC 10 

October
● 16 directly related deaths
● $ 25 billion in damages
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National Weather Service: Hurricane Michael 2018 



Hurricane Ian (2022)
● 3rd costliest storm on record: $112.9 Billion 
● Track originally estimated to make landfall in Tampa

○ Shifted south, made landfall in Fort Myers, moved into Atlantic, made another landfall north of Charleston 
○ Adv 15 (~3 days before landfall) vs Adv 23 (~1 days before landfall)

22



Modeling Framework
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Modeling Framework
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Start with Mickey & Passeri (2022) transect dataset
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Update pre-storm elevation data for Michael 

Adjust dune crest and dune toe selection for new topo/bathy
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Add bed friction information from land classes

NLCD2019 30-m resolution
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Passeri et al 2018



Modeling Framework
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Script implementation and transect selection

● Python script:
○ Asks for user input
○ Selects transects within specified 

extents
○ Copies prepared transect data to 

modeling folder
○ Begins boundary condition 

interpolation
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Modeling Framework
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Boundary Conditions from ADCIRC+SWAN

● ADvanced CIRCulation 
(ADCIRC, Luettich et al. 
1992) 

○ Ocean circulation model
○ Solves governing shallow 

water equations
● Simulating WAves 

Nearshore (SWAN, Booij et 
al. 1999)

○ Spectral wave model for 
predicting waves in coastal 
regions 

○ Parameterization for wave 
evolution

● Can be coupled (Dietrich et 
al. 2011)
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Rick Luettich, NOPP forecasts for Ian



Interpolation at each offshore origin

Time series interpolated from 
ADCIRC+SWAN:

● Water level ( η )
● Wave height ( Hs )
● Wave period ( Tp )
● Wave direction ( θ )

Start interpolation when Hs > 0.5 m 
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Credit: Rick Luettich, NOPP

η, Hs, Tp, θ



Modeling Framework
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Tight competition for most jobs submitted…

Computation restrictions:

● Maximum run time of 1 hour
○ Most finish in 30 min

● 2 cores per simulation
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Name CPU Jobs

Johnathan 237,101.982 240

Tomás 47,093.592 438

Jack 37,343.814 124

Jess 26,216.571 43,706

Casey 16,014.804 61

Thomas 14,150.552 85

Sophia 12,380.729 79

Jenero 10,887.644 73



Parameters selected from a recent study
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Are these parameters 
applicable elsewhere in 
our study area?



Modeling Framework
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Post-processing - Erosion Metrics

● Binary dune impact
○ Impact - overwash/inundation
○ No impact - swash/collision

● Percent volume change
● Dune crest elevation change
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Post-processing - Plotting
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Post-processing
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https://sites.google.com/ncsu.edu/ncsu-xbeach-forecasts/home
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Results

Michael Hindcast

ResultsMethodsIntroduction & Background



Michael simulations predict 90% of dune impacts
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T3653



Michael simulations predict 90% of dune impacts
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T3671

T3653



Michael simulations predict 90% of dune impacts
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T3643



Michael simulations predict 90% of dune impacts
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T3643

T3651



Michael simulations predict 90% of dune impacts
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T3657



Michael simulations predict 90% of dune impacts
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T3668

T3657

Takeaway:

Over 90% accuracy → model is able to predict storm-driven erosion for a 
large, impactful storm in ~40 minutes

Next Step:

Implement for real-time forecasting
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Results

Ian Forecast

ResultsMethodsIntroduction & Background



Track uncertainties influence erosion forecasts
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advisories every 6 hours0000 UTC 
9/23/22

1800 UTC 
9/29/22

vs

Blue +
Orange = 
GOOD!

Ian Hindcast



Track uncertainties influence erosion forecasts
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Track uncertainties influence erosion forecasts
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advisories every 6 hours0000 UTC 
9/23/22

1800 UTC 
9/29/22

vs

Blue +
Orange = 
GOOD!

Ian Hindcast

Takeaway:

Track uncertainties play a large role in impact prediction accuracy

Next Step:

Compare prediction between forecast approaches in southwest Florida



Southwest Florida Region Qualitative Observations

Fort Myers, local time [Credit: Max Olson- NHC Tropical 
Cyclone Report: Hurricane Ian (2023)]

[Credit: Florida Department of Environmental Protection 
Hurricane Ian & Hurricane Nicole Preliminary Post-Storm 
Beach Conditions and Coastal Impact Report]
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~1400 UTC



XBeach vs TWLCCFV
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advisories every 6 hours0000 UTC 
9/23/22

1800 UTC 
9/29/22

vs

> 80% agreement near landfall 

most disagreements near the eye



Longer duration of dune impact with dynamic bed

53

Takeaway:

Allows us to predict profile evolution when temporal observations are not 
available



Main Takeaways

● Modeling framework is efficient and reasonably accurate
● Track uncertainties heavily influence erosion predictions
● Binary dune impact classification captures coastal vulnerability
● Dynamic ground surface improves our understanding of profile evolution

during an extreme event
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Future Work

● XBeach sensitivity testing
○ Transect length sensitivity

● Remove back ‘wall’ boundary condition
○ Additional parameter calibration to prevent over-erosion

● Fully-automate modeling process
○ Replace user-specified selection method

● Trigger more robust 2D modeling
○ Use 1D profiles to initiate 2D domains
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Thank you! 
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