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SUMMARY

At 4PM on June 10, 2020, a stramud locally damagingeiche was initiated in Baptist Harbour and continued for 6 hours. The seichevaaset

abrupt andcoincided with the arrival of a storm front from the southwest. One minute resolution water level measurements were ongoing i
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the seiche was initiated by a meteotsunami wave traveling under the storm, with amplitude2tfct) period roughly 20 minutes and

wavelengthof several kilometres. Its success in initiating a severe seiche in Baptist Harbour was due to (1) its directiamgagiticite

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

INTRODUCTION.

On rare occasions aamatic water level rise and fall occurs in one or more embaymehtzrbours, inlets, bayson the Bruce Peninsula. The
period ¢ that is the time between two successive highis on the order of minutes to tens of minutes, very slow compared to norraseg but
fast compared to tides. In severe instances harbours can be almost drained of water, dropping boats onto the bottonlifothigrtoup onto
the dock minutes later.

These events are believed to bé&en caused byneteotsunamis tsunamis waveegesultingfrom abrupt barometric pressure change#/hile
meteotsunamis can cause seiches within the embayments they impact, they are not themselves Saiehafsthe best and by far the most
lyrical descriptions of a major meteotsunan@& y i Ol'y ©6S F2dzy R Ay OKFLIISNI 1T 2F {KSNB22R C2EC

firhe 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.0

The full Wikipedia entrfor meteotsunamigs asfollows.

A meteotsunami or meteorological tsunami 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). 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.219% Meteotsunamis, rather, are triggered due
to extreme weather events including severe thunderstorms, ) RainiFluie
squalls and storm fronts; all of which can quickly change mmbr  dB
atmospheric pressure. Meteotsuamis typically occur when ’
severe weather is moving at the same speed and direction : T
of the local wave action towards the coastline. The size of =N \ L
the wave is enhanced by coastal features such as shallow & L | , -« It '|
continental shelves, bays and inlets.2
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of water level monitoring stations in the Tobermory area whose |

purpose is tdntercept meteotsunami events and document their & .
characteristics.Previous SOKF studi¢smve concentrated on N =
cataloguing the resonant frequency spectratod small,

continuouswater level oscillationssgiches ot K | ND 2 dzNJ
oscillationg) of local inlets and harbours. If these harbour
oscillations can be thought of as the ringing of a bi¢ll
continuously with a very light toughhen the incoming

meteotsunamieventsare, under the right circumstancet)e

Figurel. Radar representation of thetorm front approaching the Northern Bruce Peninsula ¢
1600hrs, June 10, 2020.

1 https://www.sourcesofknowledge.ca/wggontent/uploads/2019/06/TIDES-THEBRUCE..pdf
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equivalent of hitting the bell with a sledge hammer. What is not clear is the nature of theses circumsthgeto someneteotsunamisave
no damaging effects at all, @roduce violent reactions in some harbours but not in otheé\g? are the characteristics of these meteotsunamis
well documented. What is the amplitude of these waves, their frequency, their wavelength and their spesmcebf

On Wednesday, June 10of this yearour data suggest tha moderately strong meteotsunarairived on our coastline at 4PMt arrived
simultaneously with a strong storm frofEigure 1) travelinffom southwest to northeast at roughly 100 knr/Ht produced a violent seiche in
Baptist Harboufx ¢ K A O &veryt RinG@sfor several hours with water level variations approachivmmetres At least one dock was
swept off its concrete footing, and the foundations of houses close to the wates threatened Other harbours along the west coast suffered
unusual damagé€Appendix A)The storm wagollowed by wind stressover the next two or three dayshich raised water levels by 15 cm in
Tobermory bugwhile related to themeteotsunamievent, wind stress effects aradistinct phenomenon.



The SOKF water level stations are located in Baptist Harinotlne lee ofDevillsland and in the outer Tobermory Harbour (FigureTBeDevil
Island location was chosen on the assumption that it would provide a record of an incomiagtsunamievent uncontaminated by harbour
oscillations. (Ideally the
measurenent would be
made well offshore, but
there are logistical
problems with doing that
beyond our capabilities.) DEVIL ISLAND ; =

The stations record water Sgiiebermory
levels every minute, and ’
the station in Tobermory
Harbour also measures
barometric pressure
every minute Water
levels vere measured
using Hobo pressure
sensors placed on the
lakebed at Devil Island
and Tobermory harbour, BAPTIST/HARBOUR
while an inverted tube
arrangement with
pressure sensors inside

and out was attached (0 a fteamaid
dock in Tobermory :
harbour.

J4TOBERMORY HARBOUR

Figure2. SOF network locations, showing the general direction of the storm front on the afternoon of June 10th
Water levels are also

available fromhe

Tobermory Little Tub Harbour operated the Department of Fisheries and Ocedmg only at 3 minute intervals. Barometric pressure
recordings are available from Environment Canada, but only at 1 hour intervals.

It must be emphasized that thigticle isnot peerreviewed science. | hope it is more than the delusional ravings ofaiimed scientist, but that
possibility should be kept in mihd



THE DATA

Tobermory harbour.
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Figure3a. Water level and barometric pressure variatiom3 obermory outer harbodrom noon to midnight on June 10, 2020.

Figure & shows thewater levelvariation and barometric pressuet Tobermory outer harboufor the hours from noon to midnight on the0™.
The water level record has been offset so that the-pt@m level is roughly zer&igure 3hgivesdetail of these records in the one hour period
15:30:16:30 hoursSome notable aspects of Figura 8nd 3follow.
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Figure 3b. Detail of the remts in Figure 3a for the one hour period bracketing the storm arrival at 16:00hr. The symbols indicate readings madeutgery mi

a. The storm arrivaat 16:05in Tobermory Harbouis very sharp, an increase in barometric presafr@0 Pascaldn one minute
Theatmosphericdisturbance as a whole lasts roughly 6 haurs O2 A Y OARAY 3 gAGK (GKS 6SIFGKSNJ NI RI
peninsula.



b. Anabrupt water level increasef 15 cm overa 5 minute period coincides with thabrupt pressure increasesuggesting a cause
and effect relationship.
c. ¢ KS & Odf hoiseniSeided on thavater levelrecord prior to the storm in Figure 3a arriyalor is not system noise. Figure
3b shows that he short period variations of-2 cm are well resolvedot one reading blips.
d. The water level record following the sharp onset is reminiscent of the wake of g bo#his case a barge with length and width
measured in tens of kilometres! The bow waseviery sharp followed by trailing waves with wavelengths comparable to the
f Syadk 2F GKS ao2Fi¢éd ¢KS LIKeEa&A Omentalimadeishsefull yI £ 238 Yl & y2i K
e. The increase in barometric pressure at the st@ 2AvguidBdiexpectedd depress the water level. Instead we see an
increase!Apart from the onsethere is little correlation in the fine structure of the two records. The sharp pressure decrease at
20:00 does, however, appear te-energize the water level oscillations. Aslw#é seen in Figure 5, it is following 20:00 that the
major water level swings and damage; occur in Baptist HarbourSpectral analysis of these recorfshownin Appendix 3
shows a dominant periadity of 37 minutes. This manifests itself in Figutbr®ugh the interval between some major highs
and lows, for example the first three lows following the onset, or the two highs betwe®® 2md 21:00 hourghis is a
property of the site, not the stornDevil Island.
f.  The 37 minute periodicity is a progig of the site and not the storm. It is present consistently in multiple spectra taken there in
non-storm times. Compared to nestorm spectra, the storm appears to add energy at 10 and 20 minute periodicity, with the
effect of broadening the 37 minute pé&.

Figure 4 shows the water level variations at Devil Island and compares them to #idssbermory harbourFiguredb shows more detail of

this record highlighting the offset between the two measuring statidhe.two records are very similauat offset by 5 minutes, representing
storm traveltime over the3.75kmi KS (g2  20F A2y a I SiBhwesTohdrtBedstphttl. MogtBf thé gothtsrade abadeQ a
Ay O2yySOGA2Y 6A0K CAIdZNBE o FLILX & KSNB a ¢Stf odzi | faz X

a. The similarity of two recordand the consistenbffset of 35 minutestends toconfirm 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 minuttésere is a
superimposed shorter period and lower amplitude oscillation of around 4 minutes.

b. There is, however, the question of timing offsets betweertks$ in different instruments. All three clocks had begnchronize® days
earlier. The Hobo loggest Devil Island and Baptist Harbobhave cloclaccuracyrated & +/-1 min/month , while the DS 3231 clock at
Tobermory Harbour has accuracy of £8sonds 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 seldemabermory
harbour.At that time the onset at Devillend 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.



RELATIVE WATER DEPTH AT SENSOR,

CENTIMETRES

d. The concept of a very small amplitude, very long wavelength wave is not easily imagined, but there isvatiet béing moved up and
down (roughly 9000 cubic metres in a 1 metre crgsstion ofl5 cm high wavel¥igure 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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Figureda. The water level variatins at Devil Island compared to those at Tobermory outer harbour, and to the barometric preésstical grid lines are spaced by 12 minut



DETAIL OF WATER LEVEL VARIATIONS , JUNE 10, 2020
DEVIL ISLAND AND TOBERMORY OUTER HARBOUR
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Figure 4b. Detail of the water level records of Figure 4, for the time period 15:30 to 18:30. Vertical grid lines ateyspaomates.

Observed water slope between Devil Island and Tobermory imagined as leading edge of an approaching wave.
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Figure5. A depiction of a meteotsunami wave approaching shore with a periodicity that would coincide with the time differencaliatdbevil Island and Tobermory. The
amplitude of the wave is shown increasina as the wave shoals shtilwer water of the coast.
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Baptist Harbour.

Figure6 compares the water level response at Baptist Harbour witdse of the other two stationBaptist Harbour has lang and narrow
morphology that makes it particularly responsive to harbour ilation. Thedifferencein Figutre @s striking; Baptist rings likeebellstruck by

the onset of the storma true seichavith i K A & K ledddiacgmildicityof 16-18 minutes. The initial swings are of about 1 metre, but the
sudden drop in pressa at 20:00 (Figure 4) almost doubles that swiAtR1:30the currentsweeps away the dock to which the sensor had been
tetheredand drags it into deeper water.

This seiche in Baptist Harbour has been described by residents thére lasigest and largest they have observed. Baptist Harbour is easily
GNHzy 3¢ T GKS 61 GSNI Oy 6S 20aSNISR -8 mihues Hawaver ShisistBrm eeBmsTothave beghd o6 | O

DETAIL OF WATER LEVEL VARIATIONS , JUNE 10, 2020
DEVIL ISLAND, TOBERMORY OUTER HARBOUR
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Figure6. Baptist Harbour water levels compared to Devil Island and Tobermory harbour, noon to midnight on June The20i2@k arrow indicates the time that the dock |
its foundation.



particularly effective in transferring its energy this inlet. One obvioufactorA & G KI 4 GKS &d0G2NX Q& RANBOGAZ2Y 27F
the axis of the inlet. This is a common direction for storms to approach the coast, however, s@tiatislynot the only factor.

More striking is thevay the period of the incoming wave matches the resonance period of Baptist HarbBigure 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 amplitudpssvitaBaur.

Looking only at the first cycle of the blue trace, as indicated bplhekdouble arrow, and assuming that this represents the incoming tsunami
wave, we see that it is remarkable similar to the dominant oscillation of Baptist harbour (yedlosy.After that initial pulse the two traces
diverge, Baptist oscillating at its resonance period and the Devil Island record reacting to storm variations as \akbatbyocetry.

Figur&’. The records at Devil Island from Figure 6 has beerdsmalte right axiso as to better match the amplitude of oscillations at Baptist Harfleftraxis). The black
arrow emphasizes the similarity of the first cycle of the incoming wave with the resonant oscillation of Baptist Harbour.



