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All hurricane segments (74+ mph)




Hydrological Hazards ONVERSITY

Credit: Max Olson 6
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NCDOT NC12 Twitter - Hurricane Teddy (2020)



Motivation N rarE
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Key Definitions ONVERSITY

What we care about!

dune crest

inundation \/\/\
overwash /\\

dune

crest
collision

dune toe

transect or profile



Sallenger (2000) Impact Regimes

Collision regime

Diow < Rhigh < Dhigh

Overwash regime

Rhigh > Dhigh

Inundation regime
Rlow po Dhigh

Goslin & Clemmensen (2017)

Barrier throat =
— /4

Lagoon/pond Washover
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Barrier crest

Setup + runup
Barrier foot

Fair-weather water level

Setup + runup
Barrier crest

Barrier foot
Fair-weather water level

, Setup + runup

Barrier crest

Barrier foot 10
Fair-weather water level



Real-time Erosion Forecasts with Impact Regimes ONIVERSITY
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Real-time Erosion Forecasts with Impact Regimes
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a2 USGS Total Water Level and Coastal Change Forecast Viewer

science for a changing world

0 0 NI

Show Most Recent Forecast

09-27-2022

Regional Overview

Single-site Details

Region: TBW (Tampa Bay, FL)

Region ID: 4

Site ID: 3939

Position: 26.4466°N, 82.1376°W

Located Near: Sanibel Island, Saint James City, FL
Forecast Begins: 09-27-2022 06:00 UTC

For ted Dune Impact: Inundation

Dune Measured: May 2018

Favorite

Download This Forecast 9 selected site

9 dune impacts unlikely
potential dune erosion

9 potential overwash

tential inundation
Miam) v po
.

Leaflet | © Esri, D
Community

DS, GeoEye, USDA FSA, USGS, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User
» Regional Coastal Change Forecast

» Potential Inundation - 30 Site(s)

» Potential Overwash - 258 Site(s)

» Potential Dune Erosion - 99 Site(s)

Tell us how you use this viewer!

Submit A User Story

Total Water Level and Coastal Change Forecast Viewer (Stockdon, 2023)

For official forecast information visit the National Weather Service.
Sanibel Island - Saint James City, FL

Elevation [m above MSL]

September 28th, 2022 17:00 UTC Chart Legend

Elevation [m above MSL]

-1

Time of Peak TWL
[uTC]

Tide + Surge @ Peak
TWL [m]

09-28-2022 18:00 1.1

Wave runup @ Peak  Peak TWL Dune Toe Elev. Dune Crest Elev.
TWL [m] [m] [m] [m]

1.95 3.05 1.12 1.65
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Erosion Modeling with XBeach DN oERaT

eXtreme Beach (XBeach)

e Morphological model for storm-driven erosion

e 1D or 2D options

e Hydrodynamic and morphodynamic processes
(Roelvink 2009)

Requires:

XBeach-Deltares

- High-resolution ground surface data
- Computational resources

13
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2D XBeach Modeling- robust, but expensive UNIVERSITY
Fire Island, NY Matanzas, FL
a) Sandy 2012 g) Matthew 2016
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1D XBeach Modeling - less expensive

Reduces computational
expense

Has been evaluated for
forecasting by other studies:

e Harley etal., 2011,
2016

e \ousdoukas et al., 2012

e Baartetal., 2016

NC STATE
UNIVERSITY

Early Warning System for the Emilia-Romagna coastline
X-Beach model Run Date: 05-Gen-2015

uuuuuuuu

||||||||

Imola.

o Min SCW:112:0/m

Min/BWD:'20.0/m
Min BWD:'45.0,m
Cmvn.«V

Cesenatico

o Min BWD:(102:0,m

Jl/ o Min BWD:(54.0/m

Rimini

W

icci

Note:

Harley et al.
2016

BWD- building waterline distance, SCW - safe corridor width
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Challenges for real-time forecasts UNIVERSITY

Ground Surface information
o “[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
o “Improvements to the model predictions were observed as parameters were changed one by
one from their default settings” (Harley 2016)
o Time consuming, limits versatility
Model result evaluation
o “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
o Errors propagate through forecast models (Baart: 2011, 2016)
Efficiency:
o  Essential to produce timely predictions of storm-driven erosion
16
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Research Question UI\(I:IVSERSITY

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

17



: : NC STATE
Goal and Objectlves UI\(I:IVSERSITY

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

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

e [orecast storm-driven erosion during lan

e Evaluate and communicate the erosion forecast results

e Verify that the addition of dynamic morphology affects our forecasting
capabilities

18



Introduction & Background Methods Results

Methods
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Storms Selected UNIVERSITY
Hindcast Validation- Forecast Implementation-
Hurricane Michael (2018) Hurricane lan (2022)

i r— 1

Value
.17.992 P 26.715
-19.89D9  -35.2025
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Hurricane Michael (2018) ONVERAITY

e 7
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e Category-5

e Landfall near Mexico Beach at 1200 UTC 10
October

e 106 directly related deaths
$ 25 billion in damages

|
125/mph}j 3 7pm CT
952 mb ¥ p10/9

1

Hurricane Michael
Track/Intensity

7amCT ‘

!
10/8 @ 75 mph i -
70 'mph B o62'mb Maximum Sustained

984'mb & 1amCT, Wind Swath

°
60 mph . 0 39- 57 mph
996 mb .’ ::[;n CT 58-73 mph
SPh m C T A ety —
1003 mb; /7 'y ' pm e
1amCl 107
30 m 1'?” 50 mph Based on NHC Best Track
7en 0P 35 mph 999 mb
10 f],'lb 1004 mb Esri, HERE, Garmin, © CpenStreetilap contributors, and the GIS user community




Hurricane lan (2022) DN oERaT

e 3rd costliest storm on record: $112.9 Billion

e Track originally estimated to make landfall in Tampa
o  Shifted south, made landfall in Fort Myers, moved into Atlantic, made another landfall north of Charleston
o Adv 15 (~3 days before landfall) vs Adv 23 (~1 days before landfall)

Hurricane lan Tracks

— \ P
=~ 09-23-2022 6:00:00

33°N

30°N

27°N

24°N -
88°W 85°W 82°W 79°W 76°W
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landfall + next
radius advisory

A

Pre-storm Groun 2 ina:
5 erf sto . Ground seloct - e T Post Prorc‘:.essmgl.t
LAco: transects x,y,bed friction - submit and monitor - arenive resuts
- update transect . within . XBeach simulations .| - calculate erosion
ol NI affected - report errors or [NoticE .
- interpolate bed friction area computational issues - plot/visualize
values from land use results

Boundary + Initial Conditions: n,Hs,Tp,6

- interpolate ADCIRC+SWAN
N water level and wave
parameters at offshore
boundary of selected
transect
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landfall + next
radius advisory

A

Pre-storm Groun 2 ina:
S ?.fs 2 ) Ground select o XBeach model: Post Prorc‘:_essmgl.t
R transects X,y,bed friction - submit and monitor F ke Iolie
- update transect . within . XBeach simulations .| - calculate erosion
ol NI affected - report errors or [NoticE .
- interpolate bed friction area computational issues - plot/visualize
values from land use results

\_ J

Boundary + Initial Conditions: n,Hs,Tp,6

- interpolate ADCIRC+SWAN
N water level and wave
parameters at offshore
boundary of selected
transect
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Start with Mickey & Passeri (2022) transect dataset

90‘0“I o'w BO‘C: o'w 70 =Ul o'w
45°00" N+ ~45°00"N
>
-
-
40°0°0"N— / ~40°00"N
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35°00"N+ 2 Date ~35°00"N
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30°00'NA O, * 215 -30°00N

2014

0 250 500 MILES R
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Update pre-storm elevation data for Michael DN oERaT

Adjust dune crest and dune toe selection for new topo/bathy

Wl7.99525 % * . y»/IEEN 26.715

'1III
llliim

N
EEEER #h

. 7.5 } 30Klmt
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NLCD2019 30-m resolution

C-CAP Class Manning's n Chezy coefficient
High Development 0.12 8
Medium Development 0.12 8
Low Development 0.12 8
Open Space Development 0.035 29
Cultivated Crops 0.1 10
Pasture/Hay 0.05 20
Grassland/Herbaceous 0.035 29
Deciduous Forest 0.16 6
Evergreen Forest 0.18 6
Mixed Forest 0.17 6
Scrub/Shrub 0.08 13
Palustrine Forested Wetland 0.15 y 4
Palustrine Scrub/Shrub Wetland 0.075 13
Palustrine Emergent Wetland 0.06 17
Estuarine Forested Wetland 0.15 7
Estuarine Scrub/Shrub Wetland 0.07 14
Estuarine Emergent Wetland 0.05 20
Unconsolidated Shore 0.03 33
Bare Land 0.03 33
Open Water 0.022 31-71
Palustrine Aquatic Bed 0.035 29
Estuarine Aquatic Bed 0.03 67

Passeri et al 2018

Elevation (meters)

T3644 Bedfriction

P )
..‘.U

&

[ ]
*oP 5,

ﬁ:’

Add bed friction information from land classes

r 0.08

r 0.06

r 0.04

Distance from shoreline (meters)

e © [}
£ H At; i‘
’ {
(’) 5‘0 160 15’0 Z(I)O 25’0 3(’)0

NC STATE
UNIVERSITY
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Modeling Framework UNIVERSITY

landfall + next
radius advisory
4R ) o
grerf stor.m Ground seloct N Sz T Post-Prorc‘:_essmgl.t
LAco: transects X,y,bed friction - submit and monitor = 22':(: l:\ll:t;ees::) ssi‘on
- ulpdattg tra(;\stect ~ within - XBeach simulations . T trics
gteva '?"t i :d o ‘ affected \ - report errors or - Dlothvisualize
- Interpolate nction area computational issues P
values from land use \_ ) results

Boundary + Initial Conditions: n,Hs,Tp,6

- interpolate ADCIRC+SWAN
N water level and wave
parameters at offshore
boundary of selected
transect
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Script implementation and transect selection UNIVERSITY

O

O

e Python script:

2mnAfFa

Asks for user input

Selects transects within specified
extents

Copies prepared transect data to
modeling folder

Begins boundary condition
interpolation

29



: NC STATE
Modeling Framework UNIVERSITY

landfall + next
radius advisory

A

Pre-storm Groun 2 ina:
S ?.fs o ) Ground select o XBeach model: Post Prorc‘:_essmgl.t
LAco: transects x,y,bed friction - submit and monitor - arenive resuts
- update transect . within . XBeach simulations .| - calculate erosion
ol NI affected - report errors or [NoticE .
- interpolate bed friction area computational issues - plot/visualize
values from land use results

(. N

Boundary + Initial Conditions:

- interpolate ADCIRC+SWAN
N water level and wave
parameters at offshore
boundary of selected
transect

n,Hs,Tp,0
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Boundary Conditions from ADCIRC+SWAN

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

o Ocean circulation model
o Solves governing shallow
water equations

e Simulating WAves
Nearshore (SWAN, Booij et
al. 1999)

o Spectral wave model for
predicting waves in coastal
regions

o Parameterization for wave
evolution

e Can be coupled (Dietrich et
al. 2011)

N A o -

Y

Sep 28 Sep 29 Sep 30
2
1

°w\/\

Sep 28 Sep 29 Sep 30
2022

el

Sep 28 Sep 29 Sep 30
2022

NC STATE
UNIVERSITY

NGPP
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.._,
Felhc
P
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Vow
"
)
[FotSt
4 [ E
\
\
TE—— ay
)
v ;
aces

Rick Luettich, NOPP forecasts for lan
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Interpolation at each offshore origin ONVERAITY

Time series interpolated from
ADCIRC+SWAN:

Water level ( n)

Wave height ( Hs )
Wave period ( Tp )
Wave direction (6 )

Start interpolation when Hs > 0.5 m

-86° -84 82" -80° -78

Credit: Rick Luettich, NOPP
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Modeling Framework UNIVERSITY

Pre-storm Ground

Surface:
- update transect

landfall +
radius

select
transects

next

A

x,y,bed friction -

XBeach model:

submit and monitor

advisory

Post-Processing:
- archive results
. - calculate erosion

levation dat within ) XBeach simulations e
clevation dald - affected - report errors or o
- interpolate bed friction area computational issues - plot/visualize
values from land use results

\_

Boundary + Initial Conditions:

interpolate ADCIRC+SWAN
water level and wave
parameters at offshore
boundary of selected
transect

n,Hs,Tp,0
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Tight competition for most jobs submitted...

Computation restrictions:

e Maximum run time of 1 hour
o Most finish in 30 min

e 2 cores per simulation

Name
Johnathan
Tomas
Jack
Jess
Casey
Thomas
Sophia

Jenero

CPU
237,101.982
47,093.592
37,343.814
26,216.571
16,014.804
14,150.552
12,380.729
10,887.644

NC STATE
UNIVERSITY

Jobs
240
438
124
43,706
61

85

79

73
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Parameters selected from a recent study

Are these parameters
applicable elsewhere in
our study area?

Estuarine, Coastal and Shelf Science 229 (2019) 106404

Contents lists available at ScienceDirect
Estuarine, Coastal and Shelf Science

journal homepage: http://Awww.elsevier.com/locate/ecss

Morphodynamic modeling of the response of two barrier islands to Atlantic 4
s

hurricane forcing

Marlies A. van der Lugt™", Ellen Quataert®, Ap van Dongeren

Christopher R. Sherwood ©

* Deltares, Dep. Of Marine & Coastal Systems, Delft, the Netherlands
® [HE Delft Institute for Water Education, Delft, the Netherlands
© U.S. Geological Survey, Woods Hole Coastal and Marine Science Center, Woods Hole, USA

a,

b, Maarten van Ormondt?,

ARTICLEINFO ABSTRACT

Keywords: The accurate prediction of a barrier island response to storms is challenging because of the complex interaction
Barrier islands between hydro- and morphodynamic processes that changes at different stages during an event. Assessment of
M°"P_h°‘]y““m‘° modeling the predictive skill is further complicated because of uncertainty in the hydraulic forcing, initial conditions, and
;1;::1::1 e the parameterization of processes. To evaluate these uncertainties, we investigated the morphological change
Vegetation that occurred during two Atlantic hurricane events on two barrier islands at Matanzas (Florida) and Fire Island
Uncertainty (New York) with differing topographies and forcing conditions.

We used the morphodynamic model XBeach with hydrodynamic forcing extracted from a regional coupled D-
Flow FM/SWAN model. The XBeach model was initialized with a spatially varying roughness map derived from a
land cover classification map generated with supervised conditional-random-field classification. The model was
supplemented with a dynamic roughness module recognizing that, under extreme conditions, vegetation can be
washed away or buried by sediment.

For the Fire Island case, the modeled spatial extent of roughness reduction as a proxy for vegetation removal
during the storm was accurate. For both the Fire Island and Matanzas cases, the model predicted erosion and
deposition volumes and dune-crest lowering well. The occurrence of breach formation was also predicted by the
model, but the exact location of these breaches did not match observations. Variations of 10% in boundary
conditions (surge, wave direction, significant wave height, and bay water levels) produced regime shifts in
modeled barrier island response. These results not only stress the critical role of boundary conditions in mor-
phodynamic model skill, but also show the limitations of single deterministic model runs in forecasting impact.

1. Introduction

event. In the “collision regime”, when the surge level is lower than the
dune height, storm waves attack the dune, often causing erosion of dune

Barrier islands are important geological features that provide natural
habitats and living and recreation space while protecting mainland
coastlines against storm impact (Nordstrom et al., 2000). As sea levels
rise (IPCC, 2018), the probability of occurrence of a certain storm surge
level increases (Vitousek et al., 2017) as does the risk of damage as
coastal areas continue to develop economically (Hallegatte et al., 2013).
Therefore, there is a growing need to quantitatively assess the
morphological impact by storms on barrier islands. The accurate pre-
diction of a barrier island response to storms is challenging because of
the complex interaction of hydro- and morphodynamic processes, which
changes markedly as the Sallenger (2000) regime varies during a storm

fronts and depositing sediment in the nearshore. In the “overwash
regime”, when water levels increase but are still lower than the dune
crest, waves start to intermittently overtop the dunes, causing erosion on
the landward side of the dunes. When the water level exceeds the dune
elevation, water flows over the dunes in the “inundation regime”. Dur-
ing the latter two regimes, the combination of waves and water levels
may breach the dune front. A proposed additional regime is “‘storm surge
ebb” (Goff et al., 2010; Harter and Figlus, 2017; Lennon, 1991), in which
the return flow from the back bay to the sea induced by a seaward
sloping water-level gradient drives the formation of scour channels. The
processes that occur during these regimes are not only controlled by the

NC STATE
UNIVERSITY
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landfall + next
radius advisory

A

(

Pre-storm Groun 2 ina:
S ?.fs o ) Ground select o XBeach model: Post Prorc‘:_essmgl.t
LAco: transects x,y,bed friction - submit and monitor - arenive resuts
- update transect . within . XBeach simulations .| - calculate erosion
ol NI affected - report errors or [NoticE .
- interpolate bed friction area computational issues - plot/visualize
values from land use results

\_

Boundary + Initial Conditions: n,Hs,Tp,6

- interpolate ADCIRC+SWAN
N water level and wave
parameters at offshore
boundary of selected
transect
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Post-processing - Erosion Metrics UNIVERSITY

e Binary dune impact
o Impact - overwash/inundation
o No impact - swash/collision

e Percent volume change
e Dune crest elevation change

Dune Impact No Dune Impact

37



: : NC STATE
Post-processing - Plotting UNIVERSITY

IAN 28 0 XBeach Impact Regime

¥ 4
.- Dune Crest Elev Change = 1.11m
% Volume Change = 44
r'd Regime = Inundation/Overwash
- Shoreline Lon/Lat: -82.263 26.731
33°N . :
* Impact Duration(hr) = 63
2.7 —— pre-storm
p -=-=- modeled post-storm
v
o 2
30°N ©
E
[ =
.©
®
0]
w
27°N
0 100 200 300 400
Distance from mean shoreline (meters)
2 4 ° N o o o o * o
88°W 85°W 82°W 79°W 76°W
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NCSU XBeach Forecasts

& 4074

4074

-81.956

26.453

me

Inundation/Overwash

NCSU-Website/blob/main/IAN_9-27-
12/T4074_results.png

https://github.com/jessgorski/NOPP-

KENTUCKY

."-Atlanta

::' ALABAMA; GEORGIA

EVENE]
O

1B 200mi L ==y

e

=~ VIRGINIA

NORTH

CAROLINA

BaHarnas

M Keyboard shortcuts

Welcome!

The map on this page displays the shoreline locations for the
most recent set of 1D XBeach simulations.

Modeled results are classified as either:

= swash/collision (green)- water level does not reach the dune
crest

= overwash/inundation (red)- water level reaches and/or
surpasses the dune crest

The topographic-bathymetric (topo-bathy) profiles were
developed by fellow NOPP collaborators [Mickey & Passeri
2022]. Water levels at the crest are determined by XBeach
output.

Click on any icon to view the shoreline latitude/longitude, the
predicted storm impact regime, and a link to the plotted model
results.




Introduction & Background Methods Results

Results

Michael Hindcast
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Observed
Impact | No Impact

Impact

Predicted | No Impact 1 11

T
T3671
T3668
30.4°N <
q’f“/
7%, { . T36%7
"-""\p Tﬁ653
» 73651
'\ : 51 13643
/ ks
8 2
\,.« =y LY /»/
\/ V'}’a 7~
v’ /) ==
29.4°N
86.63°W 85.63°W 84.63°W

Elevation (meters)

9% Volume Change = 1
Regime = Collision

* Impact Duration(hr) = None
—— pre-storm

—--- modeled post-storm

—— observed post-storm

20 40 60 80 100 120
Distance from mean shoreline (meters)

NC STATE
UNIVERSITY
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Michael simulations predict 90% of dune impacts ONIEREY

Dune Crest Elev Change = 0.57m
9% Volume Change = 1
Regime = Collision
Shoreline Lon/Lat: -85.392 20.73 BSS = 0.05

Observed 71 T3653
Impact | No Impact 6 S
Impact
. s D]
Predicted | No Impact 1 11 2
c
.2
g 3]
G
* Impact Duration(hr) = None
14 —— pre-storm
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01 —— observed post-storm
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30,451 \_(\ Q 5068 Distance from mean shoreline (meters)
| D Vorume Changa = 15
Regime = Collision
ﬁ | ..,/ Shoreline Lon/Lat: -85.738 30.128 BSS = 0.05
Ly ‘ * Impact Duration(hr) = None
y. "{ T3657 —— pre-storm
m 18653 \ 8 1 === modeled post-storm
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AR [ 3651 13643 D :
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j s 4
W72 > i
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n’ /,/ & \—*/’/
0 -
. , , : : , : , 42
29.4°N 0 10 20 30 40 50 60 70

86.63°W 85.63°W 84.63°W Distance from mean shoreline (meters)



Michael simulations predict 90% of dune impacts NVERaTY

Dune Crest Elev Change = 2.84m
% Volume Change = 11
Regime = Inundation/Overwash

Shoreline Lon/Lat: -85.178 29.662 BSS = 0.55

Observed = * Impact Duration(hr) = 0.5
—— pre-storm
Impact No Impact i modeled post-storm
I —— observed post-storm
mpact
Predicted | No Impact 11 2
E
s | S L \jesE=cassss
224 e
\ / 3 .
= = w
W "
) T3643
T3671 0 10 20 30 40 50 60
30.4°N \4’\ ~$ T3668 Distance from mean shoreline (meters)
R
29.4°N 43

86.63°W 85.63°W 84.63°W



Michael simulations predict 90% of dune impacts NVERaTY

Dune Crest Elev Change = 2.84m
% Volume Change = 11
Regime = Inundation/Overwash

Shoreline Lon/Lat: -85.178 29.662 BSS = 0.55

5 -
Ob d * Impact Duration(hr) = 0.5
serve —— pre-storm
Impact NO Impact - -=-- modeled post-storm
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Michael simulations predict 90% of dune impacts UNIVERSITY

9 Volume Change = 4
Regime = Collision
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: : : : . NC STATE
Michael simulations predict 90% of dune impacts UNIVERSITY

% Volume Change = 4
Regime = Collision
na

Takeaway:

Over 90% accuracy — model is able to predict storm-driven erosion for a

large, impactful storm in ~40 minutes T3657
30.4°N \_‘(\.Q\ reline (mi(;ers) 0
Next Step:

Implement for real-time forecasting
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Results
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Track uncertainties influence erosion forecasts UNI\(I:IVSEEQP\E(

Forecast vs Hindcast
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Track uncertainties influence erosion forecasts UNI\(I:IVSEEQP\E(

Forecast vs Hindcast
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Track uncertainties influence erosion forecasts UNIVERSITY
N Forecast vs Hindcast | I |
Takeaway:

Track uncertainties play a large role in impact prediction accuracy

lan Hir Next Step: t-Comparison
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Southwest Florida Region Qualitative Observations
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XBeach vs TWLCCFV

> 80% agreement near landfall

most disagreements near the eye

IAN 27 18 TWL Impact Regime

Percent of Dune Impacts: XBeach vs TWLGCFV
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Longer duration of dune impact with dynamic bed

Vertical distance (m)
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Takeaway:
Allows us to predict profile evolution when temporal observations are not
available
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NC STATE

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

during an extreme event




Future Work uNqug?FE

e XBeach sensitivity testing
o Transect length sensitivity

e Remove back ‘wall’ boundary condition

o Additional parameter calibration to prevent over-erosion
e Fully-automate modeling process

o Replace user-specified selection method

e Trigger more robust 2D modeling
o Use 1D profiles to initiate 2D domains
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Thank you!
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