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1 Research Objectives

1. To develop a method for forecasting wave runup that accounts for detailed site-
specific topo-bathy in a wave-resolving process-based model.

2. To effectively implement a method for measuring wave runup using pressure
sensors and RTK equipment.
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1 Background

Measuring Wave Runup

* Imagery

* Pros: Cost-effective; Continuous data collection

« Cons: Complex post-processing; limited to good lighting conditions
e Sensors

* Pros: Measure swash energy; Temporally continuous

« Cons: Cost; Deployment Logistics

Simulating Wave Runup

« Empirical Methods
» Stockdon (2006)

« Site bias; Generalization of beach profile
« Numerical Methods

« XBeach; Computationally Expensive

Coastal Ocean Analysis and Simulation Team

UNIVERSITY OF GEORGIA 2023 Waves Workshop | South Bend, IN




1 Background: Importance of Importance of Topo-bathy

* Not always one uniform slope for a beach profile

9000w 80" 00'W 70°00°W
1 1 1

« Tidal level increases the complexity of calculating wave runup but is not
accounted for in many empirical parameterizations [16]
* Nearshore bathymetry is just as impactful [17] [18] >
* Profile shape and characteristics (Beach and dune width, dune height, etc. «w (
all affect morphology [19], and therefore hydrodynamics in XBeach runs. —
« Tied to storm magnitude /
- Data set of approximately 4,000 Topo-Bathy Cross-Shore Profiles [20] el — - o
« Diverse in shape, slope, dunes, etc. L \\ L
“00"NA A ~25°00°N
« Gathered from the most recent lidar data that was available at the A
time of publishing e W T

1 1
9000w 80" 00'W 70°00°W

[16] (Guedes et al., 2011)

: } ) ) e : [17] (Cohn et al., 2014)

« Valuable source for running simulations at site-specific locations. [18] (Cohn & Ruggerio, 2016)
[19] (Mickey et al., 2020)

[20] (Mickey and Passeri, 2022)

* Not idealized or hypothetical profiles (to the extent that is possible)
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1 Coastal Hazard Forecastin

& USGS Total Water Level and Coastal Change Forecast Viewer

science for a changing worl

.;u

» Potential Overwash - 36 Site(s)

Elevation [m above

Treasure Island - Treasure Island, FL

June 6th, 2016 17:00 UTC
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Impact Regimes
s a . - : : . ”

e Collision: TWL > Dune Toe Dune Toe
* Overwash: TWL > Dune Crest COLLISION
@
« Inundation: SWL + wave setup > Dune Crest p— .y O Dune Crest
®
Dune Toe
OVERWASH
o
Dune Crest
@
Dune Toe
(Sallenger, 2000) INUNDATION
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1 Methods — Numerical Model

« XBeach non-hydrostatic (XBNH) uses the Non-Linear Shallow Water
Equations with a pressure correction term

« It fully resolves short and infragravity waves in intermediate and shallow
water and enables wave-breaking when a required steepness is achieved
(Quataert et al., 2020)

* More computationally expensive than the phase-averaging version,
but shown to be better hydrodynamically

« The 2-layer setting used in this study (nhq3d = 1) assumes constant
pressure in the lower layer, improving dispersion and extending XBNH
applicability into more intermediate depths (de Ridder et al., 2021)

« Horizontal grid Resolution: dx max =5 m and dx min = 0.25 m for every
point above the MLLW datum

« To satisfy the required cells per wavelength in the offshore region
(recommended 25-50), the wave period of the simulation was also inputted
into the grid function

r-1 Coastal Ocean Analysis and Simulation Team
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1 Methods - Jekyll Island Runup Experiment

Study Site
Jekyll Island, GA— about 50 miles north of Jacksonville, FL
« State Park with limited foot traffic on beaches

« Semidiurnal tides and sandy beaches

0 1530 60 90 12’91”85
| S e G C—— e S— |
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1 Methods - Jekyll Island Runup Experiment

« 12 pressure sensors measuring at2 Hz (8inx2in.) * RBRsolo’ »
=

* Mounted and placed bed-level with geofabric to
keep sand out of the sensor

« Spaced throughout the tidal range and left to
collect data for ~24 hours

* Most offshore sensor was fully submerged for
the full duration to monitor the SWL

« Trimble DA2 RTK equipment with < 2 cm vertical
accuracy

« Each sensor’s elevation is noted and a profile of
the beach was surveyed

r‘1 Coastal Ocean Analysis and Simulation Team
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1 Sensor layout
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1 XBeach Inputs

« Wave inputs from NDBC Buoy 41112
« Wave height and wave period
« Tide input from the fully submerged sensor

« Topo-bathy from beach survey coupled with nearest
transect from Mickey and Passeri, 2022 dataset

(| Coastal Ocean Analysis and Simulation Team
ll UNIVERSITY OF GEORGIA
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1 Methods — Generating Wave Runup Equations with XBNH

* Run model for varying wave p .

conditions
* Run at three datums [ k [ )

 MLLW, MHHW, Surge =2 m ) g )

« Extract 2% exceedance of water § | . (

level time series local maxima p R .- | }
« Interpolate results to fit polynomials . )

that can be used to forecast runup ‘ ) )

based on wave conditions \ ] [ )
. Repeat for all transects of interest ( )

(| Coastal Ocean Analysis and Simulation Team
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1 Methods — Generating Wave Runup Equations with XBNH
Georgia Beach Profiles
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1 Methods - Generating TWL and Runup Forecasts

The TWLCC Viewer has an API that provides access to wave conditions, TWL, runup, tide,
setup, beach slope, dune crest, impact regime, and other parameters.

« Each location in this study has a corresponding location in the API

« The wave height, period, tide, and wind setup are extracted for the desired time range

« |f the wave period is not exactly one of the modeled wave periods, runup is linearly
Interpolated between the closest two wave period equations.

« The calculated runup value depends on the tide and wind setup for that time in the forecast

» The calculated wave runup is added to the API’s tide and wind setup but does not include
the API's wave setup.

L E 1] L E 1]

A classification of “none”, “collision”, “overwash”, or “inundation” is then determined based
on the TWL and the dune toe and crest elevations from the beach profile.

r-1 Coastal Ocean Analysis and Simulation Team
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1 2
Methods - Generating TWL and Runup Forecasts
« Three sets of equations based on tidal
datum for each transect
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1 Methods - Generating TWL and Runup Forecasts

A

Uses Surge XB eqns

__________________________________________________ Surge (2 m)

Interp. between MHHW
and Surge XB eqgns

RS - - - — e — — el ) o e el Interp. between MLLW and MHHW XB eqns

Uses MLLW XB eqgns
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1Resu|ts — Jekyll Island Field Experiment

' ' T o022 'l" ]
Sensor Qutput (2 Hz)
10-min filter
0.2
=) Submerged
2 1 8 0.18 1
=
<I
=
- 0.16 -
E
=
[y -
S 0.5 0.14
]
012
0 01k =
b a
b ,0,\”30 b:\'DQ
e ¢e ¢e e .
Nearest tide gauge WL 10 . - -
1F — Sensor 1 WL
/ 9r o -
#0,~10
F g “""‘ ‘\ 8 I S - = y
B ® ® & 71 " ’ & .
2 @ ‘8 @ B 2
2 71 f 3 g o = : g
2 /R S B 3 |
> = L/ L/ ) _—
> 2 A b
‘ \ 4 = e >
/A S t
i [ \ 3= - -
0.5} & 3 @ 8
2t *  Sensor Runup Reading
\
\
1 ) L . L L \ L \ )
© Q & Q B ®
1 ‘ ‘ ; : i ©F a® P @ o\ a® P 0P W
b«'b“b qrbﬁ N q\?« Q_QQ b«h% (3"36 b«rlh q»\r?z “,'\b' o & o b o b ‘Oj\b' oy b - o) \0”\(3 \01'\6 o )
“’,\bb 3 w\hg > “\h W\h'\ 2 “\6Q : “’,\60 “\%Q : ‘0’\6'\ W\%'\ ¥ <@ <@ <@ <@ <@ <@ <@ < < <@
?B Q?f QB ?6 QB Q@ Q@ Q?‘ QG Date (EST)

Coastal Ocean Analysis and Simulation Team

UNIVERSITY OF GEORGIA 2023 Waves Workshop | South Bend, IN




. B e e g g P S E e s B |
' XBeach vs Field Results oot w0l \
= 1 .
. . . 8 10
« Each observed runup point is achieved in the EXY 4o
XBeach simulation without surpassing the next % ____j}}ﬁg
highest sensor L TS, G e,
= Madeled TWL |4
] g 05 x Ssnsn;zm:n:ﬁ:ninls 3
« Stockdon 2006 method tends to produce higher - Sensor Blvations

runup values with this site Al
o ® N&J’-‘g , A6° o ° i @Q*Q 6':3""?’ gr®
H ¢ e ce¥ e e i ce” i
« RMS difference of 16 cm
« Can range from about 30-64% of the T -

total runup
« Beach slope: 0.031
« Wave Heights: 0.3-0.5m

—
X
)
1
i
, N
4
rd
A
.
-
-

Water Level (m, NAVDES)
=
o= n
N
X
il
"
oy
]
1\““1}\
»

iods: ¥ N7 |
Wave Periods: 8 =11 s as e\/h % _ Sererup o
« Data in 30-min intervals 4L . . T . . .

Coastal Ocean Analysis and Simulation Team
UNIVERSITY OF GEORGIA




1 Trial Runs

 Hurricanes lan and Nicole

« Sep and Nov of 2022

« Impacts to Georgia Coast
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USGS TWLCC Viewer API
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Hurricane lan
T894: Overwash

T1483: Collision

3.5 T883: Inundation

Trial Results |

« lan peak wave conditions:
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Hurricane Nicole
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1 Discussion — Jekyll Island Runup Experiment

» This field experiment found XBNH to effectively simulate wave runup for the fair-
weather wave conditions

« Adjust methods to replicate under stronger wave conditions

« The benefits of this method include a temporally continuous data set even through
the night

* Filtering out noise and calibrating the results to accurately capture runup events is
the most extensive part of the post-processing, but works effectively

* For the location and conditions, the experiment suggests the XBNH results more
closely resembled the observed results than the Stockdon (2006) method

Coastal Ocean Analysis and Simulation Team
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' Discussion — Forecasting Evaluation

« This model effectively predicted scenarios of collision, overwash, and inundation on
the Georgia Coast from Hurricanes lan and Nicole

* On a more detailed level, it also provided the XBNH-derived TWL and wave runup
for each site for every hour

« Using the Stockdon 2006 method significantly increases the amount of collision and
overwash throughout the hourly forecasts

« Qur findings also establish that wave runup in XBNH is significantly tied to the still
water level

« This trend can likely be explained, in part, by the general shapes of beaches
and dunes. Slopestend to be lower at the MLLW for these profiles and
Increase as the dune is approached, peaking at some point on the dune
(surge level).

« These findings emphasize the importance of considering the still water level
when modeling wave runup in XBeach.

Coastal Ocean Analysis and Simulation Team
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' Sensitivity of Runup to the Stillwater Level

SWL and XBeach Runup (WVHT =3 m) SWL and Slope
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1 Limitations and Future Work

« Fairweather wave conditions for the field experiment

« More validation should be conducted before implementing this method for decision-making
and public safety

« This is limited to the most recently updated topo-bathy available, and continuous updates
are necessary to ensure that the results are as accurate as possible.

« Having detailed topo-bathy of the beaches’ equilibrium profiles would allow the model
to simulate storm impacts on the beaches’ recovered state, possibly requiring fewer
updates

« This method does not account for changes in morphology throughout the forecast because
of the non-hydrostatic model

« Future work can also expand this model beyond the coast of Georgia and for the full range
of the Mickey and Passeri (2023) dataset (East Coast and Gulf of Mexico)
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' Conclusions

Forecasting wave runup and total water levels on a regional scale provides important insight
Into coastal hazards and beach conditions

Our XBNH-derived method forecasts hourly total water levels for 81 different locations and
predicted impacts of collision, overwash, and inundation for Hurricanes lan and Nicole in just
minutes.

* (=8 min to retrieve API data, ~1 second to make calculations)

The method aims at reducing site bias and limitations introduced when using an empirical
model formed by available datasets of runup observations

Throughout the study, using the Stockdon et al. (2006) empirical method for each site
usually produced a higher runup value and increased instances of collision and overwash
for our sites, especially in storm conditions for Hurricanes lan and Nicole of 2022.

Runup in XBNH is substantially tied to the still water level, as runup tends to increase from
MLLW, MHHW, and a 2 m datum, respectively. It is important to account for this in
simulations.

Coastal Ocean Analysis and Simulation Team
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