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Abstract
On Friday, April 13, 2018, a high-amplitude atmospheric inertia–gravity wave packet with 
surface pressure perturbations exceeding 10 mbar crossed the lake at a propagation speed 
that neared the long-wave gravity speed of the lake, likely producing Proudman resonance. 
A set of meteotsunami waves struck the shores near Ludington, Michigan, a coastal com-
munity along the sandy dunes of Lake Michigan. During the event, harbor walls were 
overtopped, damage occurred to shoreline homes and boat docks, and water intake pumps 
were impacted due to the large change in water level. To fully understand the generation 
of this event and the impacts to the coastal community, we have carried out atmospheric 
and hydrodynamic model simulations of the inertia–gravity and meteotsunami waves. 
Atmospheric simulation of the inertia–gravity waves was performed using a high-resolu-
tion model for the Great Lakes region that mimics the National Oceanic and Atmospheric 
Administration High-Resolution Rapid Refresh operational model. Surface meteorologi-
cal conditions were supplied to the Lake Michigan-Huron Operational Forecast System, an 
operational model used for hydrodynamic forecast guidance. This is the first documented 
case of a meteotsunami generated by an atmospheric inertia–gravity wave in the Great 
Lakes, and it provides an evaluation of existing and proposed operational infrastructure as 
it pertains to meteotsunami forecasting in the USA.
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1 Introduction

Meteotsunamis are well documented in the Laurentian Great Lakes, with known hot 
spots in southern Lake Michigan and Lake Erie (Bechle et al. 2016). Several studies have 
advanced our understanding of meteotsunami generation and characteristics throughout the 

 * Eric J. Anderson 
 eric.j.anderson@noaa.gov

1 Great Lakes Environmental Research Laboratory, Office of Oceanic and Atmospheric Research, 
National Oceanic and Atmospheric Administration, Ann Arbor, MI, USA

2 Weather Forecast Office, National Weather Service, National Oceanic and Atmospheric 
Administration, White Lake, MI, USA

http://orcid.org/0000-0001-5342-8383
http://crossmark.crossref.org/dialog/?doi=10.1007/s11069-020-04195-2&domain=pdf


1490 Natural Hazards (2021) 106:1489–1501

1 3

world (Nomitsu 1935; Hibiya and Kajiura 1982; Rabinovich and Monserrat 1996; Vilibić 
2005; Monserrat et al. 2006; Rabinovich 2009; Haslett et al. 2009; Orlić et al. 2010; Cho 
et al. 2013; Šepić et al. 2015; Vilibić and Šepić 2017). In recent years, this understanding 
has been expanded to the Great Lakes to recreate historic events (Bechle and Wu 2014; 
Anderson et al. 2015; Linares et al. 2016, 2019) and develop a climatology of event occur-
rence for the region (Bechle et al. 2016). However, where globally meteotsunamis are com-
monly associated with atmospheric pressure disturbances, events in the Great Lakes region 
are often driven by more or less equally important gradients in atmospheric pressure and 
wind stress (Linares et al. 2016). The reason behind this may be that convective mesoscale 
weather systems with Proudman- or Greenspan-appropriate propagation speeds are com-
mon in the southern portion of the lakes, or that pressure disturbances in the region do not 
themselves suffice in the intensity or speed necessary to generate a meteotsunami wave. 
However, given that meteotsunami detection relies on coastal water level gauge placement 
and function, or at the very least eye witness reports, in conjunction with high-temporal-
resolution meteorological observations, it may be that pressure-dominated meteotsunamis 
in the Great Lakes have not yet been observed or reported.

In this work, we document the first record of a high-amplitude atmospheric inertia–gravity 
(IG) meteotsunami in the Great Lakes (Fig. 1). In the morning of April 13, 2018, an IG wave 
packet was generated over the midwestern USA moving eastward toward Lake Michigan. As 
the series of three IG waves crossed over the lake, surface pressure disturbances approached 
10 mbar (ΔP = 0.8 mbar/min) accompanied by a single spike in wind speed associated with 
the second wave (Fig. 2). The system crossed over the narrowest reach of the lake, a width 
of 100 km, toward Ludington, Michigan, at a propagation speed of 27 m/s (Fig. 2). For this 
region of the lake where depths are greater than 100 m, gravity wave speeds are between 26 
and 31 m/s, and thus, the storm speed was sufficient to induce a Proudman resonance (Proud-
man 1929). As a result, meteotsunami waves struck the Michigan coastline near Ludington 
in the early afternoon (15:30 GMT). The nearest coastal water level gauge to Ludington is 
located inside a harbor, where it recorded water level fluctuations up to 0.5 m (Fig. 2). Eyewit-
nesses at the beach observed the harbor break walls submerge below the lake surface with the 
incident waves and flood the shoreline and into the city streets. The National Weather Service 

Fig. 1  a WRF domain (green box) over Great Lakes region and Lake Michigan inset (red box), b Lake 
Michigan with locations of NOS coastal water level gauges (9087023, 9087031, 9087044, and 9087057) 
and meteorological stations (SBM and MKE) with Ludington inset (red box), and c Ludington, Michigan 
harbor and estuary and NOS gauge location with LMHOFS model mesh overlay (gray)
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(NWS) office in Grand Rapids, Michigan, received reports of water level fluctuations of 2 m 
along the coastline just outside of the harbor, where divers from a hydroelectric pumping plant 
were performing maintenance on a water intake at the time of the event. Shoreline damage 
to public docks and cottages was also reported. Fortunately, this event occurred much earlier 
than the typical recreational season, when it is not uncommon for a large number of beachgo-
ers to be walking the harbor break walls or enjoying the water. For this reason, no injuries or 
fatalities were reported.

To fully understand the generation of this event and the impacts to the coastal commu-
nity, we have carried out atmospheric and hydrodynamic model simulations of the IG and 
the resulting meteotsunami waves. Atmospheric simulation of the IG waves was achieved 
by using a high-resolution atmospheric model for the Great Lakes region, in which weather 
conditions are validated against coastal measurements and outputs provided to the hydrody-
namic model. The hydrodynamic response was simulated using the National Oceanic and 
Atmospheric Administration (NOAA) Lake Michigan-Huron Operational Forecast System 
(LMHOFS; Anderson et al. 2018), which provides real-time nowcast and forecast guidance on 
water levels, currents, and temperatures to the public. The reconstructed meteotsunami event 
presents the first documentation of a high-amplitude pressure-induced meteotsunami in the 
Great Lakes, and it serves as a test of NOAA’s operational infrastructure to capture the danger-
ous conditions and move toward the development of an operational meteotsunami warning 
system.

Fig. 2  a Long-wave speeds based on Lake Michigan depth and estimated storm propagation pathway and 
speed, b meteorological and water level observations from the Ludington, MI NOS gauge (9087023) on 
April 13, 2018 (shown in GMT)
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2  Methods

2.1  Meteorological and water level data

To document the atmospheric IG waves and validate atmospheric modeling of the event, 
meteorological data from five stations are obtained from the NOAA National Ocean Ser-
vice (NOS) (stations 9087023, 9087031, and 9087044) and the Automated Surface Observ-
ing System (ASOS) [stations Milwaukee (MKE) and Sheboygan (SBM)] along with base 
reflectivity data from NEXRAD Weather Surveillance Radar are obtained. Observations 
of atmospheric pressure and wind speed and gust are reported every 6 min at the available 
stations. For evaluation of the coastal impact of the meteotsunami waves and for valida-
tion of the hydrodynamic model, 6-minute water level records from coastal NOS stations 
are acquired for four stations in Lake Michigan (9087023, 9087057, 9087031, 9087044; 
Fig. 1b). At 9087023, 9087031, and 9087044, both water levels and meteorological infor-
mation are available. For water level station 9087057, the co-located MKE station is used 
to provide atmospheric conditions. Therefore, the only location without both water lev-
els and meteorological conditions is SBM, which contains atmospheric pressure and wind 
measurements but does not have an associated water level gauge.

2.2  Atmospheric modeling

Simulation of the IG conditions during the meteotsunami event is performed using the 
Weather Research and Forecasting (WRF) model (Power et  al. 2017). Two simulations 
were conducted on a modeling domain encompassing most of the Contiguous United 
States and southern Canada east of the Rocky Mountains using horizontal grid spacing 
of 15 km and 7 km, respectively, both using 51 vertical levels (Fig. 1a). Aside from the 
horizontal grid spacing, the WRF simulation construction is designed to mimic the exist-
ing NOAA High-Resolution Rapid Refresh (HRRRv3; Benjamin et al. 2016). Initial and 
hourly boundary conditions are prescribed from the NOAA Rapid Refresh (RAP), an 
operational weather forecast product on a 13-km grid (Benjamin et al. 2016). The model 
was initialized at 18:00 GMT April 12, 2018, to encapsulate the diurnal atmospheric con-
vective cycle. Due to the high temporal frequency of the output, WRF surface conditions 
were output starting at 1:00 and 8:00 GMT on April 13 for the 15-km and 7-km simula-
tions, respectively. Great Lakes surface temperature is prescribed by the NOAA Real-Time 
Global (RTG) 1/12th degree surface temperature analysis (Thiébaux et al. 2003). Output of 
surface meteorological conditions includes 10-m winds, 2-m surface atmospheric pressure, 
long-wave and short-wave radiation, 2-m relative humidity, and 2-m air temperature and 
are supplied to the hydrodynamic model at 2-min intervals.

2.3  Hydrodynamic modeling

The hydrodynamic response to the IG waves and generation of the meteotsunami waves 
is simulated by an experimental version of the NOAA LMHOFS (Anderson et al. 2018). 
The LMHOFS is a three-dimensional hydrodynamic model based on the Finite Volume 
Community Ocean Model (FVCOM; Chen et al. 2006). FVCOM simulates water levels, 
currents, and water temperature using an unstructured grid, free-surface, vertical sigma-
coordinate system by solving the integral form of the governing equations. Implementa-
tions of FVCOM in the Great Lakes have been successfully employed for meteotsunami 
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investigations (Anderson et  al. 2015) and other physical applications (Anderson and 
Schwab 2013, 2017; Ye et  al. 2018). The LMHOFS implementation of FVCOM uses a 
horizontal unstructured grid (170,000 elements) that ranges from approximately 200  m 
nearshore to 2.5 km offshore with 21 uniform vertical sigma, terrain-following, layers. For 
this case, the FVCOM model is initialized from the NOAA LMHOFS on April 13, 2018, at 
hour 0 GMT. Surface meteorological forcing is supplied from the LMHOFS from 0 GMT 
to the start time of the two WRF cases described above (15-km and 7-km grids), with a 
computational time step of 2 s. Model output is produced every minute and compared to 
observed water level records from NOS coastal water stations. In many cases, including 
at the primary point of interest at Ludington, the NOS gauges are located inside harbors, 
coastal estuaries, or other infrastructure that is not resolved by the model domain (Fig. 1c). 
For model validation in these cases, the nearest model node to the gauge location is used 
for comparison with the observed water level record.

3  Results

3.1  Inertia–gravity waves

Radar reflectivity reveals the trajectory and timing of the weather disturbance on April 13, 
2018 (Fig. 3). The pressure waves crossed the central region of the lake near 44° north lati-
tude, moving west to east. According to high-pass-filtered atmospheric pressure data, only 
the SBM and Ludington (9087023) stations recorded the IG wave packet (Fig. 4). At the 
upwind station (SBM), the pressure record shows two IG waves passing at 14:18 and 15:24 
GMT. Across the lake, the Ludington (9087023) stations record three IG waves at 15:18, 
16:18, and 17:24 GMT. Recorded wind speeds at the stations were generally inconsequen-
tial, as is demonstrated below, with the exception of Ludington (9087023), which recorded 
a single high value (13.8 m/s) associated with the second pressure wave at 16:18 GMT. To 
calculate the approximate contribution of pressure and wind to the generated waves, we 

Fig. 3  (left) Radar reflectivity mosaic of inertia–gravity wave passage and snapshots from the 7-km (mid-
dle) and 15-km (right) WRF model simulations of the IG pressure wave packet at 16:20 GMT
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can assume a linear and barotropic solution at constant depth, such that the shallow water 
equations can be written as

where u is velocity, t is time, g is the gravitational constant, η is the surface displacement, x 
is the coordinate of the IG propagation, ρ is the density of water, P is the atmospheric sur-
face pressure, τ is the wind stress, and D is the average lake depth along x. Wind stress can 
be calculated using the quadratic drag formulation,

where ρa is the density of air, W is the wind speed, wx and wy are wind velocity compo-
nents, and CD is the drag coefficient calculated from a linear relationship with wind speed 
(Smith 1980).

Using the sole spike in wind speed at Ludington (9087023), which coincides with 
the second pressure wave, a wind speed of 13.8  m/s and average depth of 100  m gives 
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Fig. 4  High-pass-filtered atmospheric pressure (left column) and wind speed (right column) at coastal 
meteorological stations for observed values (red) and the 15-km (blue) and 7-km (black) resolution WRF 
simulations on April 13, 2018 (time in GMT)
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�∕�D = 3.58 × 10−6  m/s2. For the IG wave contribution, a pressure change of 9.7  mbar 
over 12 min and storm propagation speed, U, of 27 m/s gives ΔP∕�Δx = 4.99 × 10−5 m/s2. 
Therefore, the overall contribution to water surface displacement from pressure is approxi-
mately 93%, whereas the contribution from wind stress is 7%.

The WRF simulations of the event reveal the large amplitude IG wave packet as they 
traverse Lake Michigan (Fig. 3). Both the 15-km and 7-km simulations are able to resolve 
aspects of the IG system, which does not require the fine resolution necessary for more 
convective systems that typically produce meteotsunamis in the Great Lakes (Anderson 
et al. 2015). However, notable differences exist between the two simulations (Figs. 3, 4). 
Namely, the 15-km simulation produces just a single large pressure wave that is timed with 
the second observed wave at SBM and Ludington (9087023), failing to resolve the leading 
IG wave at both stations and the trailing wave at Ludington. However, the 7-km WRF sim-
ulation represents the packet of IG waves appreciably better than the coarser 15-km con-
figuration—with the timing of the leading, peak, and trailing waves being within minutes 
of the observed pressure signals. In both cases, the simulated amplitude of the IG waves is 
substantially dampened compared to observations at these locations, with the exception of 
the first wave at Ludington for the 7-km case. The 7-km simulation wave amplitudes for the 
second and third waves at Ludington are nearly half of the observed conditions; however, a 
sharp change in pressure is still achieved, reaching 0.42 mbar/min and far exceeding com-
mon empirical thresholds for meteotsunami formation in the Great Lakes (Linares et  al. 
2016). At the remaining coastal stations (MKE, 9087031, and 9087044), both simulations 
track measured pressure values and confirm the absence of the IG packet in the southern 
region of the lake. In regard to wind speeds, both produce the lack of increased winds 
at SBM, MKE, and 9087031, but fail to resolve the single spike in wind at the Luding-
ton (9087023) station at 16:18 GMT and a prolonged rise measured at 9087044. How-
ever, since the estimated contribution of wind stress to the observed wave height is 7%, the 
inability of the model to capture the wind jump at Ludington should not be costly to the 
predicted wave heights.

3.2  Meteotsunami waves

Using an experimental version of the FVCOM-based LMHOFS model, the hydrodynamic 
response to the IG waves was evaluated using both 7- and 15-km meteorological simula-
tions. For the first time, the FVCOM model provides us with a spatiotemporal representa-
tion of the generation of the April 13 meteotsunami event (Fig. 5). With IG propagation 
speeds near the water gravity wave speed, Proudman resonance led to the generation of 
meteotsunami waves in the lake. Even for the short fetch at this location, the high-ampli-
tude nature of the IG waves resulted in significant wave heights. Associated with the first 
IG wave, a long wave was produced over the lake that traveled eastward toward Ludington. 
The bathymetric variation in the lake caused wave refraction which resulted in an anti-
cyclonic turn over the middle of the lake (Fig.  5). The first wave struck the coast near 
Ludington at 15:24 GMT (Figs. 5b, 6), resulting in the creation of trapped edge waves that 
traveled north and south along the coasts as well as reflected waves that traveled back to the 
west coast of the lake. Shortly after, the second IG wave produced the largest meteotsunami 
wave of the event and took a similar path (Fig. 5c, d), striking the shore at 16:30 GMT, and 
again producing edge and reflected waves. Finally, a third wave followed, incident with 
the third IG wave (Fig. 5f), and hit the coast near Ludington at 17:30 GMT. Following the 
IG-associated waves, another large wave was detected at Ludington at 20:12 GMT (Fig. 5); 
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however, there is no apparent atmospheric driver, suggesting that this is likely a reflected 
wave from one of the earlier events. Given the zonal distance across this region of the lake 
is approximately 100 km (or 200 km roundtrip), wave speeds between 20 and 30 m/s would 
place the wave of origin at Ludington between 17:26 and 18:21 GMT, suggesting that the 
third meteotsunami event (17:30) may be the culprit.

Given that the two WRF simulations yielded significantly different IG structures, the 
resulting FVCOM simulations produced equally different representations of the meteotsu-
nami event. Under the 7-km WRF results, FVCOM produced water level fluctuations at 

Fig. 5  FVCOM hydrodynamic response using 7-km WRF forcing (times shown in GMT). Arrows depict 
traveling long waves and coastally trapped edge waves
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the Ludington gauge that roughly match the timing of the first wave (Fig. 6). The modeled 
wave amplitude is more than double the observed water level rise at the gauge. Similarly, 
the second and third waves arrive at Ludington slightly earlier than the observed waves, 
where again the amplitude of the second wave far exceeds that of the observed; however, 
the amplitude of the third wave agrees well with the gauge observation. It is important 
to note that the gauge is located inside a drowned river mouth estuary and behind harbor 
break walls. These conditions will certainly impact the amplitude and timing of waves as 
compared to the open lake given the differences in resonant characteristics of the estuary. 
Given that the model does not resolve these harbor areas, it is not surprising that these 
differences in wave response exist. However, as noted earlier, eyewitness reports sug-
gest water level fluctuations outside the harbor breakwalls may have been as high as 2 m. 
Although the accuracy of these reports cannot be confirmed, it may provide an explanation 
of why the model water level fluctuations approach 0.8 m in this area, and suggests that if 
the atmospheric forcing had provided a larger amplitude pressure jump as observed at Lud-
ington, it may have approached the eyewitness reported level. Higher-frequency waves are 
also produced by the model than what is observed, though these differences may be related 
to similar reasoning related to gauge location. Overall, three primary meteotsunami waves 
can be seen from the 7-km model results that correspond to those observed in the water 
level record. Similar to the observed record at 20:12 GMT, a large wave occurs more than 
2 h after the IG wave packet has passed. The modeled wave arrives before the observed 
fluctuation (19:40 GMT), which is likely due to the timing issues noted above, but the 
amplitude agrees well with the observations. Snapshots from the model simulation rein-
force the idea that this wave was likely reflected from the 17:30 Ludington wave (Fig. 5).

Under the 15-km WRF forcing with a single IG wave, only one large meteotsunami 
wave is produced (Fig.  7). The wave amplitude at Ludington is dampened compared to 
the 7-km case and arrives roughly halfway between the observed first and second waves. 
The amplitude of the wave nearly matches the observed height of the second wave; how-
ever, given that the estuary which houses the gauge location is not included in the model, 
this may be coincidental. Also, notably absent in this simulation is the observed wave that 
occurred at 20:12 GMT. Without the IG wave packet, and more precisely without the third 

Fig. 6  High-pass-filtered observed (red) and modeled (black) water levels at coastal NOS stations using the 
7-km meteorological forcing (time in GMT, April 13, 2018)
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IG wave-induced meteotsunami, there is no reflected wave that occurs near 20:00. This 
difference between the 7- and 15-km simulations is further evidence that the 20:12 GMT 
wave was reflected from the 17:30 Ludington wave.

At nearby coastal water level gauges (9087031, 9087057, and 9087044), the mete-
otsunami waves arise as a result of reflected long waves and trapped edge waves. At 
the 9087031 gauge, water level fluctuations within the tsunami frequency band are first 
observed at 16:54 GMT (Fig. 6) with a wave period between 18 and 24 min. Analysis of 
the Ludington results suggested that edge waves were produced from the incident meteot-
sunami waves that traveled south along the coast toward 9087031 (Fig. 5c, d, e). Coastally 
trapped edge waves travel at speeds given by the dispersion relationship,

where T is wave period, β is the bathymetric slope, and n is the mode number (taken as 
zero for the analysis below). For a slope of 0.011, Cedge would be 25 m/s. Using the dis-
tance between the Ludington and 9087031 gauges, 140 km, and the wave arrival times, 
the approximate observed wave speed is 26 m/s, suggesting that edge waves were respon-
sible for the fluctuations at 9087031. Both model simulations capture the onset of the edge 
waves near 17:00 GMT, due to a wave train related to the incidence waves at Ludington, 
which continue for the remainder of the day (Figs. 6, 7).

On the west side of the lake, the next coastal water level gauge to be impacted is 
9087057, where water level fluctuations begin at 17:30 GMT with a period near 24 min. 
The source of these waves likely stems from direct reflection and refraction of the Luding-
ton waves or a combination of reflected long waves and trapped edge waves. For a straight 
line distance between Ludington and 9087057 of 150  km, reflections of the first (15:24 
GMT) and second (16:30 GMT) Ludington waves would suggest long wave speeds of 20 
and 42 m/s, approximately. However, the calculated long wave speeds in this region are 
closer to 30  m/s (Fig.  2a). Thus, it may be a combination of a reflected first wave that 
travels westward across the lake and then produces edge waves that travel south toward 
9087057. In this case, a westward reflected first wave would impact the western shore 

(3)Cedge =
gT tan [�(2n + 1)]

2�

Fig. 7  High-pass-filtered observed (red) and modeled (blue) water levels at coastal NOS stations using the 
15-km meteorological forcing (time in GMT, April 13, 2018)
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around 16:19 GMT (given a westward distance of 100 km and wave speed of 30 m/s) and 
travel south for 100 km to reach the 9087057 gauge at 17:30 GMT. This would require 
edge wave speeds near 23 m/s. We can verify this using (3), where for a bathymetric slope 
ranging between 0.00625 and 0.0125, calculated edge wave speeds fall between 14 and 
28 m/s. With the 7-km forcing, the FVCOM model supports this notion, where a reflected 
wave appears on the western shore near 16:16 (Fig. 5d) and then a series of edge waves 
travel along the coast, reaching 9087057 after 17:30 GMT (Fig. 5e–h). A time series com-
parison between the model and gauge record shows a slight time mismatch, but otherwise 
agrees with the onset and duration of the wave conditions (Fig.  6). The 15-km forced 
FVCOM model produces a similar picture of edge wave arrival with slightly better timing 
than the high-resolution case (Fig. 7). Following this initial onset, it also appears that the 
second Ludington wave (16:30 GMT) has a similar effect to that of the first, where reflec-
tion westward toward the coast and a south-moving edge wave train reaches the gauge at 
19:00 GMT, marked by an increase in observed wave amplitude.

Finally, the meteotsunami waves reach 9087044 at the southern edge of the lake at 
19:42 GMT. Following the analyses for 9087031 and 9087057 above, the edge waves pro-
duced from the first Ludington wave proceeded southward along both shorelines (Fig. 5). 
If the edge waves that passed 9087031 at 16:54 GMT continued onto 9087044, a shore-
line distance of 180 km would yield an average edge wave speed of 18 m/s. This is close 
to the edge wave speed for the first mode with an average bathymetric slope of 0.0030, 
where (3) yields 20 m/s. Along the west coast of the lake, a similar calculation is made, 
where the distance from 9087057 to 9087044 is 150 km. For the edge waves that passed 
9087057 at 17:30 GMT, this distance would require average edge wave speeds of 19 m/s. 
Using (3), a calculated edge wave speed confirms a similar speed with a value of 17 m/s, 
using an average slope of 0.0025. The FVCOM model using the 7-km forcing confirms the 
approach of trapped edge waves from both directions toward 9087044 (Fig. 5), where the 
wave arrival time occurs just before 20:00 GMT and continues for the remainder of the day 
(Fig. 6). Similarly, the 15-km forced model shows the edge wave arrival near 19:42 GMT 
with a magnitude that matches the gauge value, though the wave period is longer than the 
observed (Fig. 7).

4  Discussion

The April 2018 Ludington event in Lake Michigan represents the first documented high-
amplitude pressure-driven meteotsunami in the Great Lakes. Significant work in recent 
years has sought to understand meteotsunami generation mechanisms in the Great Lakes 
and around the world. What is unique to the Great Lakes is that notable historic meteotsu-
nami events have been driven by equally important wind stress and atmospheric pressure 
perturbations, unlike the pressure-dominated events found elsewhere on the coastal ocean. 
The majority of the events in the lakes are driven by convective weather, which is prone 
to occur along southern Lake Michigan and Lake Erie, the locations of the most known 
events. However, the prediction of convective mesoscale systems on the scale required to 
generate meteotsunami waves in the lakes is difficult with existing numerical weather pre-
diction models. Thus, the development of a meteotsunami warning system for the USA 
has looked toward a detection-based approach by leveraging tsunami-detection buoys (e.g., 
DART system; Spillane et al. 2008). Although useful along the ocean coasts, no buoys of 
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this type are deployed in the Great Lakes. Therefore, a different approach may be required 
in the Great Lakes in order to provide advanced warning of meteotsunami waves.

In this study, we investigate a high-amplitude IG wave-driven meteotsunami and test 
numerical models that are similar to those used in NOAA operations in order to test their 
ability to resolve IG-generated meteotsunami waves. IG wave events may not require the 
same horizontal resolution necessary in convective events, and thus this work serves as a 
test of NOAA’s operational capability in forecasting a subset of meteotsunami conditions. 
We find that even under coarse resolution in the atmospheric model, high-temporal-resolu-
tion output can produce adequate IG wave structure such that existing operational hydrody-
namic models will generate meteotsunami conditions. The limitation here is simply that the 
temporal resolution must be able to adequately capture the IG propagation (e.g.,  < 5 min 
output). Given the limited amount of surface information needed from weather models to 
drive operational hydrodynamic models, this frequency of meteorological output may be 
possible in an uncoupled real-time system.

In both cases tested here, the approximate timing of meteotsunami arrival at several 
coastal stations agreed with observations from gauged water levels. Higher spatial resolu-
tion may have produced more accurate IG wave packets and thus more realistic number and 
amplitude of meteotsunami waves, though both tests would be able to provide the informa-
tion to the public for advanced warning of dangerous nearshore conditions and flooding 
potential. To resolve the nearshore dynamics in further detail and provide accurate inunda-
tion maps, including the transfer of the wave signal into the harbor/estuary, a higher-reso-
lution hydrodynamic model is required that resolves these features and accurately captures 
the dynamics related to wetting and drying and wave run-up, and should be the goal of 
future work.

Overall, models tested here provide an evaluation of NOAA’s existing operations in pre-
dicting IG-driven meteotsunami events. Although these types of pressure-dominated events 
are not the most common driver of meteotsunamis in the Great Lakes, without a meteotsu-
nami detection system, this may provide the best opportunity to provide advanced warning 
to the public for these types of conditions.
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