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Foreword

T
sunamis have been recognized as a potential hazard to United States

coastal communities since the mid-twentieth century, when multiple
destructive tsunamis caused damage to the states of Hawaii, Alaska,

California, Oregon, and Washington. In response to these events, the United
States, under the auspices of the National Oceanic and Atmospheric
Administration (NOAA), established the Pacific and Alaska Tsunami Warning
Centers, dedicated to protecting United States interests from the threat posed
by tsunamis. NOAA also created a tsunami research program at the Pacific
Marine Environmental Laboratory (PMEL) to develop improved warning
products.

The scale of destruction and unprecedented loss of life following the December
2004 Sumatra tsunami served as the catalyst to refocus efforts in the United
States on reducing tsunami vulnerability of coastal communities, and on 20
December 2006, the United States Congress passed the “Tsunami Warning and
Education Act” under which education and warning activities were thereafter
specified and mandated. A “tsunami forecasting capability based on models
and measurements, including tsunami inundation models and maps. . . ” is a
central component for the protection of United States coastlines from the
threat posed by tsunamis. The forecasting capability for each community
described in the PMEL Tsunami Forecast Series is the result of collaboration
between the National Oceanic and Atmospheric Administration office of
Oceanic and Atmospheric Research, National Weather Service, National Ocean
Service, National Environmental Satellite, Data, and Information Service, the
University of Washington’s Joint Institute for the Study of the Atmosphere and
Ocean, National Science Foundation, and United States Geological Survey.
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Development of the Standby Inundation Model for Myrtle
Beach, South Carolina

D. Burwell1,2

Abstract. This study addresses the development, validation, and stability tests of the tsunami forecast
model for Myrtle Beach, South Carolina. Based on the Method of Splitting Tsunamis (MOST), the model
is constructed at a resolution of 90 m to enable a 4.0-hr simulation of wave inundation onto dry land.
A reference model was developed in parallel using higher-resolution grids (60 m) to provide modeling
references for the forecast model. The model was validated using synthetic tsunami events from likely
Caribbean sources. The SIM demonstrated robust results for all test cases, including a 9.1 Mw event
generated by likely sources.

1. Background and Objectives

The primary objective of this study was to develop and test a SIM for a real-
time forecast of tsunami waves and inundation estimates for the community
of Myrtle Beach, South Carolina.

Long known as a vacation mecca, Myrtle Beach is located on the lowlands
along the east coast of South Carolina and faces the Atlantic Ocean on Long
Bay. Myrtle Beach is about 30 km (20 mi) southwest of the North Carolina/South
Carolina border. The majority tourist infrastructure—hotels and entertainment—
is located near the beach. Recreation and entertainment have long been a
part of Myrtle Beach’s charm. Local attractions include Broadway at the Beach
which is located on the north side of the city and is known widely for its restau-
rants and all kinds of entertainment venues such as Ripley’s Aquarium, an amuse-
ment pavilion, and NASCAR Speedpark. The City of Myrtle Beach estimates
over a million tourists visit Myrtle Beach annually. As of the census of 2000,
there were 22,759 people residing in Myrtle Beach. The Myrtle Beach regional
area has a population of 217,608, which is steadily rising (http://www.cityof
myrtlebeach.com/ last accessed 28 August 2009).

2. Forecast Methodology

2.1 Study area—context

No text!

1Somewhere, CA
2Somewhere Else, WhoKnowsWhere
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2.2 Tide guage/water level records

Historically there has been a NOS water level gauge near Myrtle Beach (Fig. 1).
The National Ocean service installed a gauge at Springmaid Pier (33◦39.3′N and
78◦55.1′W) on 28 September 1976. The current gauge was installed on 8 April
1991. The mean range is 5.02 ft and the diurnal range is calculated as 5.60 ft.
The Mean High Water is recorded at 34.50 ft. As there are no known tsunami
events during the existence of this tide gauge, historical data was not available
for scenario validation.

2.3 Bathymetry

Various DEMs were combined to develop the reference and optimized grid ex-
tents and to test the model stability and sensitivity. Accurate bathymetry and
topography are crucial inputs to developing the reference and standby models,
especially for the inundation of the nearshore environment. To develop each
grid, we attempt to gather and use the best available data for the area studied.
Grids may be updated if newer, more accurate data are available. One sec-
ond and 1/3-arc-sec digital elevation models were developed for Myrtle Beach,
South Carolina by NGDC (Taylor et al., 2008). A nine arc-second grid of the
east coast of the United States was also used to create the A grid. The refer-
ence and optimized grid extents remained the same for Myrtle Beach, but the
grid was decreased to increase computational speed in the optimized grids. In
both cases, the A grids are derived from the 9-arc-sec East Coast grid which
was cropped to Beaufort, North Carolina in the northern extent and extends
to north of the Charleston/Mount Pleasant area. The maximum depth of the
A grid is 2500 m. The B grid extends to the North Carolina border and south
to Murrell’s inlet. The C grid is concentrated on the city of Myrtle Beach. Fig-
ures 2–7 show the final extents of the reference and optimized grids.

2.4 Model setup

The methodology for modeling these coastal areas is to develop a set of three
nested grids (A, B, C), each of which is successively finer in resolution, until the
nearshore details can be resolved to the point that tide gauge data from his-
torical tsunamis in the area match reasonably with the modeled results. The
procedure is to start with large spatial extent merged bathymetric topographic
grids at high resolution, referred to as “reference SIM,” and then after a reason-
able data fit is achieved to optimize these grids by coarsening the resolution
and shrinking the grid size until the model runs in under 10 min of wall-clock
time. This allows for the significant portion of the modeled tsunami waves,
typically 4 to 10 hr of modeled tsunami time, to pass through the model do-
main without too much signal degradation. This final model is referred to as
the “optimized SIM.”

The model parameters are adjustable and include:

• the time step and its number,

ryan
Callout
This paragraph was a little boggled.



PMEL Tsunami Forecast Series: Vol. 11 — Myrtle Beach, South Carolina 3

Table 1: MOST Model setup parameters for Myrtle Beach, South Carolina.

Reference Inundation Model Stand-by Inundation Model
(RIM) (SIM)

Coverage Cell Time Coverage Cell Time
Lat. [◦N] Size Step Lat. [◦N] Size Step

Grid Region Lon. [◦W] [′′] [sec] Lon. [◦W] [′′] [sec]

A South Carolina 31.5–34.5 36 4 31.5–34.5 72 4.4
79.5–76.5 (301 × 301) 79.5–76.5 (151 × 151)

B Greater Myrtle Beach 33.25–33.95 9 8 33.25–33.95 9 18.2
79.2–78.4 (280 × 320) 79.2–78.4 (280 × 280)

C Myrtle Beach 33.6–33.75 2 4 33.6–33.75 3 8.8
79–78.85 (271 × 271) 79–78.85 (181 × 181)

Minimum offshore depth [m] 1 1
Water depth for dry land [m] 0.1 0.1
Manning coefficient 0.0009 0.0009
CPU time for a 4-hour simulation 20 min 5.5 min

Table 2: Megatsunami events used for sen-
sitivity testing for Myrtle Beach, South Car-
olina.

Name Mw Sources Used

Caribbean source 8.1 A49–53
Caribbean source 8.5 A49–53
Caribbean source 8.9 A49–53
Caribbean source 9.0 A49–53
Caribbean source 9.3 A49–53
Caribbean source 9.0 AB26–31

• near-shore wet/dry boundary depth,
• coarse grid wet/dry boundary depth,
• allowing run down or not,
• friction coefficient,
• output time,
• grid size, resolution, and position.

Grid smoothing can also be applied prior to model runs if necessary, but was
not used for the Myrtle Beach simulations.

For Myrtle Beach the model setup and extents for the reference and opti-
mized grids are given in Table 1. These grid parameters are not unique and
could be modified considerably as the results indicate. They are sufficient to
show that the model reproduces historical tsunamis, and that the model is sta-
ble enough with these grids to handle a large tsunami simulation.
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3. Results

3.1 Model validation with artificial tsunamis

Several large artificial tsunamis were simulated to show the pattern of runup in
the Myrtle Beach area as well as to indicate the stability of the model for poten-
tial large events. The AB25–31 and AB43–59 source regions were determined to
give a larger tsunami in the Myrtle Beach area, so two groups of sources were
selected (A49–53, and AB26–31), the first was run with different slips to simu-
late various possible tsunamigenic earthquakes. The last group was run with
a very large slip (40 m) to simulate a 9.3 earthquake with tsunami. Offshore
values calculated for each Atlantic source are given in Fig. 3.

The Optimized and Reference runs show similar patterns for all cases and,
as expected, the larger earthquake in the source region produces the largest
wave in the region. It is also interesting to note that sources in the interior of
the Caribbean (e.g. A1–21) give rise to later waves with the highest amplitudes
during that simulation. These later waves arrive more than 12 hr after the first
wave and can be significant out to 24 hr after an event.

The plan view plots show the maximum values over each domain for the A,where are these plots?
B, and C grids, respectively, the amplitude scale for A and B grids is the same
as for the C grid and shows the offshore characteristics of the tsunami (which
is small) with less spatial resolution near the beach, which is recovered in the
C grid pan view plot, but only in the C grid region.

The C grid plot also includes some of the model parameters in an ASCII
block on the land portion of the grid. The time step for each grid is shown
in seconds on the first line, the Manning friction coefficient is given on line
two, the ground and dry parameters are given on line three, and the runtime
in minutes for the longest model run of any test case is given on line four. The
green dot on the C grid plan view plot denote locations where time series are
plotted in the time series plot below the plan view plots (the green line which
is the tide gauge location). The black square is a collocated B grid location that
is also plotted in the time series as a thin black line. The vertical black bar on
the time series plot is the maximum high value for the time series at the B grid
point. Also on the time series plot is the time series of the maximum run up in
C grid (denoted on the C grid plot as a black square with a white center); this
is the dotted black line with black asterisks.

These plan view plots are given one for each of the reference and optimized
run for each event that was modeled. The optimized run plots show the max-
imum value in the grid excluding bounding points, to more accurately portray
the max values inside the C grid domain. The runs for all events show a rela-
tively uniform wave front along Long Bay, with larger values outside the C grid

ryan
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domain along the undersea ridge north of the bay that is the underwater ex-
tension of Cape Fear.

4. Summary and Conclusions

Myrtle Beach, South Carolina, is not historically susceptible to regional tsu-
namis or to local earthquake-generated tsunamis with some slight impact from
basin-wide tsunamis that occur elsewhere in the Atlantic. It seems somewhat
vulnerable to earthquake-generated tsunamis along the source region that run
along the northeast edge of the Caribbean, among the subduction zone areas
tested. The lack of historical data in the area suggests that tsunamis are ex-
tremely rare events in this region. The model seems stable for large tsunamis
and the reference and optimized simulation results do not dramatically differ.
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FIGURES
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Figure 1: Myrtle Beach, South Carolina (denoted by the square rectangle) is located on the South Carolina coast
just south of North Carolina (see inset figure for details). (Source: Google maps).
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Figure 2: Bathymetry and topography for reference grid A, in meters.
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Figure 3: Bathymetry and topography for reference grid B, in meters.
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Figure 4: Bathymetry and topography for reference grid C, in meters.
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Figure 5: Bathymetry and topography for reference grid A, in meters.
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Figure 6: Bathymetry and topography for optimized grid B, in meters.
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Figure 7: Bathymetry and topography for optimized grid C, in meters.



16 Burwell

Figure 8: Source area blocks for the Atlantic used for Myrtle Beach sensitivity testing.
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Figure 9: Bar graph for each individual block for the Atlantic sources.
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Figure 10: Reference maximum relative to model zero, for a hypothetical 8.1 Caribbean tsunami (A49–53
sources).
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Figure 11: Optimized maximum relative to model zero, for a hypothetical 8.1 Caribbean tsunami (A49–53
sources).
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Figure 12: Reference maximum relative to model zero, for a hypothetical 8.5 Caribbean Tsunami (A49-53 sources.
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Figure 13: Optimized maximum relative to model zero, for a hypothetical 8.5 Caribbean tsunami (A49–53
sources).
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Figure 14: Reference maximum relative to model zero, for a hypothetical 8.9 Caribbean tsunami (A49–53
sources).
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Figure 15: Optimized maximum relative to model zero, for a hypothetical 8.9 Caribbean tsunami (A49–53
sources)
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Figure 16: Reference maximum relative to model zero, for a hypothetical 9.0 Caribbean tsunami (A49–53 sources)
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Figure 17: Optimized maximum relative to model zero, for a hypothetical 9.3 Caribbean tsunami (A49–53
sources).



26 Burwell

Figure 18: Reference maximum relative to model zero, for a hypothetical 9.3 Caribbean tsunami (AB26–31
sources).
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Figure 19: Reference maximum relative to model zero, for a hypothetical 9.3 Caribbean tsunami (AB26–31
sources).
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Figure 20: M9.3 AB26–31 scenario, to replace Figures 12–13.
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Appendix A.

A1. Optimized run input parameter file

0.001 Minimum amplitude of input offshore wave (m):
5 Input minimum depth for offshore (m)
0.1 Input "dry land" depth for inundation (m)
0.0009 Input friction coefficient (n**2)
1 let a and b run up
80.0 max eta before blow up
4.4 Input time step (sec)
8000 Input amount of steps
2 Compute "A" arrays every n-th time step, n=
3 Compute "B" arrays every n-th time step, n=
12 Input number of steps between snapshots
0 ... Starting from
1 ... Saving grid every n-th node, n=

A2. Reference run input parameter file

0.001 Minimum amplitude of input offshore wave (m):
5 Input minimum depth for offshore (m)
0.1 Input "dry land" depth for inundation (m)
0.0009 Input friction coefficient (n**2)
1 let a and b run up
80.0 max eta before blow up
4.0 Input time step (sec)
8000 Input amount of steps
1 Compute "A" arrays every n-th time step, n=
2 Compute "B" arrays every n-th time step, n=
10 Input number of steps between snapshots
0 ... Starting from
1 ... Saving grid every n-th node, n=
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Appendix B. SIM *.in file—revised 2009

0.0001 Minimum amplitude of input offshore wave (m):
5 Input minimum depth for offshore (m)
0.1 Input "dry land" depth for inundation (m)
0.0009 Input friction coefficient (n**2)
1 let a and b run up
300.0 max eta before blow up
4.4 Input time step (sec)
8180 Input amount of steps
2 Compute "A" arrays every n-th time step, n=
3 Compute "B" arrays every n-th time step, n=
6 Input number of steps between snapshots
0 ...Starting from
1 ...Saving grid every n-th node, n=
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Appendix C. M9.3 AB26–31 scenario

The version of the tsunami propagation database in use at the time of develop-
ment of this inundation model had incorrect source characterizations for At-
lantic sources atsza22 through atszb29. The subduction planes were defined
in a non-physical way that did not match the geological evidence. This error
was detected by Luis Matias of the Portugal Institute of Meteorology in July
2008 and corrected by re-running the propagation model with correct source
parameters. The incorrect sources were used for the M9.3 southern Caribbean
scenario used in the development of the model (Figs. 12–13). Re-running this
scenario with corrected sources shows a substantially different waveform (Fig.
20), with an initial negative wave instead of an initial positive wave; however,
overall maximum wave heights are similar.




