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SUMMARY 
At 4PM on June 10, 2020, a strong and locally damaging seiche was initiated in Baptist Harbour and continued for 6 hours. The seiche onset was 

abrupt and coincided with the arrival of a storm front from the southwest. One minute resolution water level measurements were ongoing in 

Baptist Harbour throughout, and at two other ƭƻŎŀǘƛƻƴǎ ƭƻŎŀǘŜŘ пƪƳ ŀǇŀǊǘ ŀƭƻƴƎ ǘƘŜ ǎǘƻǊƳ ŦǊƻƴǘΩǎ ǇŀǘƘΦ ¢ƘŜ Řŀǘŀ from these two suggest that 

the seiche was initiated by a meteotsunami wave traveling under the storm, with amplitude of 10-20cm, period roughly 20 minutes and  a 

wavelength of several kilometres. Its success in initiating a severe seiche in Baptist Harbour was due to (1) its direction coinciding with the 

harbour axis and (2) its period closely matched the resonance period of that harbour.  

INTRODUCTION. 
On rare occasions a dramatic water level rise and fall occurs in one or more embayments  - harbours, inlets, bays - on the Bruce Peninsula. The 

period ς that is the time between two successive highs ς is on the order of minutes to tens of minutes, very slow compared to normal waves but 

fast compared to tides. In severe instances harbours can be almost drained of water, dropping boats onto the bottom, only to lift them up onto 

the dock minutes later.   

These events are believed to be often caused by meteotsunamis, tsunamis waves resulting from abrupt barometric pressure changes. While 

meteotsunamis can cause seiches within the embayments they impact, they are not themselves seiches. One of the best and by far the most 

lyrical descriptions of a major meteotsunami eǾŜƴǘ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ ŎƘŀǇǘŜǊ т ƻŦ {ƘŜǊǿƻƻŘ CƻȄΩǎ ǿƻƴŘŜǊŦǳƭ ōƻƻƪ ά¢ƘŜ .ǊǳŎŜ .ŜŎƪƻƴǎέΦ 

ñThe straight at the bridge was beginning to boil and foam in an unusual manner. Each  incoming seiche was rising higher 

and with more commotion than the one before, and each ebb sank lower and more noisily then the ebb that had just 

preceded it. The span  between high water and low water was now at least a foot and was increasing with each reversal of 

the current which had now the volume of a stream after a thaw. Though we were standing at the summit of the island 200 



 

 

yards from the turmoil the roar of it tingled in our ears. The whole scene touched every nerve within us. Even the birds 

were behaving oddly.ò   

 

The full Wikipedia entry for meteotsunamis is as follows. 

A meteotsunami or meteorological tsunami[1] is a tsunami-like sea wave of meteorological origin. Meteotsunamis are generated 

when rapid changes in barometric pressure cause the displacement of a body of water. In contrast to "ordinary" impulse-type tsunami 

sources, a traveling atmospheric disturbance normally interacts with the ocean over a limited period of time (from several minutes to 

several hours).[2] Tsunamis and meteotsunamis are 

otherwise similar enough that it can be difficult to distinguish 

one from the other, as in cases where there is a tsunami 

wave but there are no seismic records of an 

earthquake.[2]:1036 Meteotsunamis, rather, are triggered due 

to extreme weather events including severe thunderstorms, 

squalls and storm fronts; all of which can quickly change 

atmospheric pressure. Meteotsuamis typically occur when 

severe weather is moving at the same speed and direction 

of the local wave action towards the coastline. The size of 

the wave is enhanced by coastal features such as shallow 

continental shelves, bays and inlets.[3] 

The Sources of Knowledge Forum (S0K) maintains a small network 

of water level monitoring stations in the Tobermory area whose 

purpose is to intercept meteotsunami events and document their 

characteristics.  Previous SOKF studies1 have concentrated on 

cataloguing the resonant frequency spectra of the small, 

continuous water level oscillations (seiches or άƘŀǊōƻǳǊ 

oscillationsέ) of local inlets and harbours. If these harbour 

oscillations can be thought of as the ringing of a bell hit 

continuously with a very light touch, then the incoming 

meteotsunami events are, under the right circumstances, the 

 
1 https://www.sourcesofknowledge.ca/wp-content/uploads/2019/06/TIDES-O-THE-BRUCE..pdf 

Figure 1. Radar representation of the storm front approaching the Northern Bruce Peninsula at 
1600hrs, June 10, 2020. 

https://en.wikipedia.org/wiki/Meteotsunami#cite_note-1
https://en.wikipedia.org/wiki/Tsunami
https://en.wikipedia.org/wiki/Sea_wave
https://en.wikipedia.org/wiki/Meteorological
https://en.wikipedia.org/wiki/Barometric_pressure
https://en.wikipedia.org/wiki/Meteotsunami#cite_note-Monserrat-2
https://en.wikipedia.org/wiki/Meteotsunami#cite_note-Monserrat-2
https://en.wikipedia.org/wiki/Meteotsunami#cite_note-What_is-3
https://www.sourcesofknowledge.ca/wp-content/uploads/2019/06/TIDES-O-THE-BRUCE..pdf


 

 

equivalent of hitting the bell with a sledge hammer.  What is not clear is the nature of theses circumstances. Why do some meteotsunamis have 

no damaging effects at all, or produce violent reactions in some harbours but not in others? Nor are the characteristics of these meteotsunamis 

well documented. What is the amplitude of these waves, their frequency, their wavelength and their speed of travel. 

On Wednesday, June 10th,  of this year our data suggest that a moderately strong meteotsunami arrived on our coastline at 4PM.  It arrived 

simultaneously with a strong storm front (Figure 1) traveling from southwest to northeast at roughly 100 km/hr. It produced a violent seiche in 

Baptist HarbourΣ ǿƘƛŎƘ άǊŀƴƎέ every 17 minutes for several hours with water level variations approaching two metres. At least one dock was 

swept off its concrete footing, and the foundations of houses close to the water were threatened. Other harbours along the west coast suffered 

unusual damage (Appendix A). The storm was followed by wind stress over the next two or three days which raised water levels by 15 cm in 

Tobermory but, while related to the meteotsunami event, wind stress effects are a distinct phenomenon. 



 

 

The SOKF water level stations are located in Baptist Harbour, in the lee of Devil Island and in the outer Tobermory Harbour (Figure 2). The Devil 

Island location was chosen on the assumption that it would provide a record of an incoming meteotsunami event uncontaminated by harbour 

oscillations. (Ideally the 

measurement would be 

made well off-shore, but 

there are logistical 

problems with doing that 

beyond our capabilities.) 

The stations record water 

levels every minute, and 

the station in Tobermory 

Harbour also measures 

barometric pressure 

every minute. Water 

levels were measured 

using Hobo pressure 

sensors placed on the 

lakebed at Devil Island 

and Tobermory harbour, 

while an inverted tube 

arrangement with 

pressure sensors inside 

and out was attached to a 

dock in Tobermory 

harbour.  

Water levels are also 

available from the 

Tobermory Little Tub Harbour operated by the Department of Fisheries and Oceans but only at 3 minute intervals. Barometric pressure 

recordings are available from Environment Canada, but only at 1 hour intervals.   

It must be emphasized that this article is not peer-reviewed science. I hope it is more than the delusional ravings of one retired scientist, but that 

possibility should be kept in mind! 

Figure 2. SOKF network locations, showing the general direction of the storm front on the afternoon of June 10th 



 

 

THE DATA 

Tobermory harbour. 

 

 

Figure 3a shows the water level variation and barometric pressure at Tobermory outer harbour for the hours from noon to midnight on the 10th.  

The water level record has been offset so that the pre-storm level is roughly zero. Figure 3b gives detail of these records in the one hour period 

15:30-16:30 hours. Some notable aspects of Figure 3a and 3b follow.  
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Figure 3a. Water level and barometric pressure variations in Tobermory outer harbour from noon to midnight on June 10, 2020.  



 

 

 

Figure 3b. Detail of the records in Figure 3a for the one hour period bracketing the storm arrival at 16:00hr. The symbols indicate readings made every minute. 

 

 

 

a. The storm arrival at 16:05 in Tobermory Harbour is very sharp, an increase in barometric pressure of 80 Pascals in one minute. 

The atmospheric disturbance as a whole lasts roughly 6 hoursΣ ŎƻƛƴŎƛŘƛƴƎ ǿƛǘƘ ǘƘŜ ǿŜŀǘƘŜǊ ǊŀŘŀǊ ƛƳŀƎŜΩǎ ǇŀǎǎŀƎŜ ƻǾŜǊ ǘƘŜ 

peninsula.  
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b. An abrupt water level increase of 15 cm over a 5 minute period coincides with the abrupt pressure increase, suggesting a cause 

and effect relationship.  

c. ¢ƘŜ άŎƘŀǘǘŜǊέ or noise observed on the water level record prior to the storm in Figure 3a arrival prior is not system noise. Figure 

3b shows that the short period variations of 1-2 cm are well resolved, not one reading blips. 

d. The water level record following the sharp onset is reminiscent of the wake of a boat ς in this case a barge with length and width 

measured in tens of kilometres! The bow wave is  very sharp followed by trailing waves with wavelengths comparable to the 

ƭŜƴƎǘƘ ƻŦ ǘƘŜ άōƻŀǘέΦ ¢ƘŜ ǇƘȅǎƛŎǎ ƻŦ ǘƘƛǎ ŀƴŀƭƻƎȅ Ƴŀȅ ƴƻǘ ƘƻƭŘ ǳǇ ǿŜƭƭΣ ōǳǘ ǘƘŜ mental image is useful. 

e. The increase in barometric pressure at the stormΩǎ ƻƴǎŜǘ would be expected to depress the water level. Instead we see an 

increase! Apart from the onset there is little correlation in the fine structure of the two records. The sharp pressure decrease at 

20:00 does, however, appear to re-energize the water level oscillations. As will be seen in Figure 5, it is following 20:00 that the 

major water level swings ς and damage ς occur in Baptist Harbour.  Spectral analysis of these records (shown in Appendix 3) 

shows a dominant periodicity of 37 minutes. This manifests  itself in Figure 3 through the interval between some major highs 

and lows, for example the first three lows following the onset, or the two highs between 20:00 and 21:00 hours. This is a 

property of the site, not the storm. Devil Island. 

f. The 37 minute periodicity is a property of the site and not the storm. It is present consistently in multiple spectra taken there in 

non-storm times. Compared to non-storm spectra, the storm appears to add energy at 10 and 20 minute periodicity, with the 

effect of broadening the 37 minute peak. 

Figure 4a shows the water level variations at Devil Island and compares them to those at Tobermory harbour. Figure 4b shows more detail of 

this record  highlighting the offset between the two measuring stations.The two records are very similar but offset by 5 minutes, representing 

storm travel time over the  3.75 km ǘƘŜ ǘǿƻ ƭƻŎŀǘƛƻƴǎ ŀǊŜ ƻŦŦǎŜǘ ŀƭƻƴƎ ǘƘŜ ǎǘƻǊƳΩǎ southwest to northeast path. Most of the points made above 

ƛƴ ŎƻƴƴŜŎǘƛƻƴ ǿƛǘƘ CƛƎǳǊŜ о ŀǇǇƭȅ ƘŜǊŜ ŀǎ ǿŜƭƭ ōǳǘ ŀƭǎƻ Χ 

a. The similarity of two records and the consistent offset of 3-5 minutes tends to confirm that this wave pattern is moving with the storm 

from southwest to northeast. Once again the dominant energy in the spectrum  of interest centres on 37 minutes but there is a 

superimposed shorter period and lower amplitude oscillation of around 4 minutes. 

b. There is, however, the question of timing offsets between clocks in different instruments. All three clocks had been synchronized 5 days 

earlier. The Hobo loggers at Devil Island and Baptist Harbour have clock accuracy  rated at +/-1 min/month , while the DS 3231 clock at 

Tobermory Harbour has accuracy of +/- .08sconds per day. There seems no reason to doubt the time offsets observed. 

c. Examining just the initial onset in Figure 4b, the black vertical line is located to coincide with the onset of the sudden rise at Tobermory 

harbour. At that time the onset at Devil Island has reached its peak. Assuming the two stations are 4 km apart the lake surface between 

them might look something like shown in Figure 5.   



 

 

d. The concept of a very small amplitude, very long wavelength wave is not easily imagined, but there is a lot of water being moved up and 

down (roughly 9000 cubic metres in a 1 metre cross-section of 15 cm high wave!). Figure 5 is a conceptualization of what this wave 

might look like along the storm path. 

e. The storm spectrum at Devil Island, like that at Tobermory Harbour, shows additional energy at 10 and 20 minutes.  
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Figure 4a. The water level variations at Devil Island compared to those at Tobermory outer harbour, and to the barometric pressure. Vertical grid lines are spaced by 12 minutes. 



 

 

 

Figure 5.  A depiction of a meteotsunami wave approaching  shore with a periodicity that would coincide with the time difference in arrival at Devil Island and Tobermory.  The 
amplitude of the wave is shown increasing as the wave shoals in the shallower water of the coast.  

Figure 4b. Detail of the water level records of Figure 4, for the time period 15:30 to 18:30. Vertical grid lines are spaced by 3 minutes. 



 

 

 

Baptist Harbour. 
Figure 6  compares the water level response at Baptist Harbour with those of the other two stations. Baptist Harbour has a long and narrow 

morphology  that makes it particularly responsive to harbour oscillation. The difference in Figutre 6 is striking; Baptist rings like a bell struck by 

the onset of the storm, a true seiche with ǘƘƛǎ ƘŀǊōƻǳǊΩǎ resonance periodicity of 16-18 minutes.  The initial swings are of about 1 metre, but the 

sudden drop in pressure at 20:00 (Figure 4) almost doubles that swing. At 21:30 the current sweeps away the dock to which the sensor had been 

tethered and drags it into deeper water.  

This seiche in Baptist Harbour has been described by residents there as the longest and largest they have observed. Baptist Harbour is easily 

άǊǳƴƎέΤ ǘƘŜ ǿŀǘŜǊ Ŏŀƴ ōŜ ƻōǎŜǊǾŜŘ ŀǘ ŀƴȅ ǘƛƳŜ ǘƻ ōŜ ŦƭƻǿƛƴƎ ōŀŎƪ ŀƴŘ ŦƻǊǘƘ ŜǾŜǊȅ мс-18 minutes. However, this storm seems to have been 

Figure 6. Baptist Harbour water levels compared to Devil Island and Tobermory harbour, noon to midnight on June 10, 2020. The black arrow indicates the time that the dock left 
its foundation. 



 

 

particularly effective in transferring its energy to this inlet. One obvious factor ƛǎ ǘƘŀǘ ǘƘŜ ǎǘƻǊƳΩǎ ŘƛǊŜŎǘƛƻƴ ƻŦ ǘǊŀǾŜƭ ŀƭƛƎƴǎ ŜȄǘǊŜƳŜƭȅ ǿŜƭƭ ǿƛǘƘ 

the axis of the inlet. This is a common direction for storms to approach the coast, however, so that is probably not the only factor.   

More striking is the way the period of the incoming wave matches the resonance period of Baptist Harbour in Figure 6.  This is better illustrated 

in Figure 7 in which the Devil Island trace has been plotted to a smaller scale so as to more nearly match amplitudes with Baptist Harbour. 

Looking only at the first cycle of the blue trace, as indicated by the black double arrow, and assuming that this represents the incoming tsunami 

wave, we see that it is remarkable similar to the  dominant oscillation of Baptist harbour (yellow trace). After that initial pulse the two traces 

diverge, Baptist oscillating at its resonance period and the Devil Island record reacting to storm  variations as well as local bathymetry. 

 
Figure7.  The records at Devil Island from Figure 6 has been scaled on the right axis so as to better match the amplitude of oscillations at Baptist Harbour (left axis).. The black 
arrow emphasizes the similarity of the first cycle of the incoming wave with the resonant oscillation of Baptist Harbour. 


