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Historical sketchof microseismsfrom pastto future
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ABSTRACT

Bernard,P., 1990. Historical sketchof microseismsfrom pastto future. Phys.Earth PlanetInter., 63: 145—150.

The paperis a commentaryon the themepresentedin a posterat Vancouver. After a few words on the discovery of
microseismsmorethana centuryago, theirconstantrelationwith swell andthecyclonic disturbanceswhich arethecauseof it
are recalled. The practical useof microseismsas an index of the cyclonic activity may throw light on the dependenceof
atmosphericdynamicson solarirradiancevariations.

Microseisms were studied physically before It wasrecognizedat an earlystagethat “micro-
earthquakesthemselvesbecausethe waves from seisms” arosewhena cycloniccentretravelledon
the latter could not be properly separatedby the the seaoff a seismicstation(Algue, 1900;Kikuchi,
undamped Galileo pendulum (known as a 1904; Linke, 1906; Klotz, 1908; Gherzi, 1924;
tromometer).This apparatus,however,resonantly Poisson,1931), and that extra-tropical lows had
revealedthesecontinuousoscillationsto Timoteo the same property when on an oceanic area
Bertelli (Fig. 1). They vary in amplitude simulta- (Lacoste,1927; Lee, 1932), apparentlybound to
neouslyat distantstations,even if the wind does the very centreof the isobars(Bernard 1937, see
not, as is shown by the extensivearray of such Fig. 2). This waslater the basisof the experimen-
apparatuswhich was established;that apparatus tal work accomplishedby the tripartite method
under the direct maintenanceof FatherBertelli, (Ramirez, 1940; Gilmore 1946) but its practical
first in Firenze and afterwardsin Rome,gavea application to meteorologicalforecastingwas suc-
continuous series of observations, the annual cessfulonly irregularly becausethe bearingof the
means of which shows conspicuousmaxima in microseismicwavesvary angularlyovershort pen-
1873 and1886: wewill seelater the significanceof ods and the identification of wave trains is dif-
thesedates. ficult at a distanceof more than a few hundred

Bertelli also emphasizedthe correlationof the meters, which indicate interference of simulta-
tromometric storms with barometric lows, and neous waves “perplexing together”: indeed, a
suspectedthe influence of coastalseawaveson strongdispersionoccursin the frequencyrangeof
thesemovements(Eva, 1975). This was also dis- microseisms(Sezawa,1935). Modern analysesof
coveredon Campbell Island by Bouquet de la numerousseismographsgiving a statisticaltreat-
Grye. In France,the siting of a tromometerin a mentof microseismvelocity appearpromisingand
coal mine 300 m below ground (the only known the detectionof a P wave componentin micro-
experimentof this kind) led to the discoveryof the seismsby the installation of a subterraneansta-
occurrenceof a gas emission during a micro- tion under the surfacedevice has beentried in
seismicstorm at the sametime as a fall in baro- Greenlandby Hjortenberg(1972).
metric pressure(Chesneauand de Chancourtois, The searchfor a mechanicalcauseof micro-
1888). seisms has also mad~great progresssince the
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Fig. 1. TimoteoBertelli (1870) representedat theeyepieceof his tromometerby Texas InstrumentsInc.

bringing togetherby DeaconandLonguet-Higgins (Fig. 4) and microseismsoriginate, for example,
of the two-to-oneratio of the respectiveperiodsof from the Great Lakes(Lynch, 1953) or from Lake
swell and microseismsand of the calculationsof Balkal (Tabulevich,1986).As for the greaterperi-
Miche who found a propagationtowardsthe bot- ods generatedon oceans,case histories can be
torn of the sea of second-orderpressurefluctua- quotedin the Gulf of Alaskawherelows generate
tions, unattenuatedwith depth, when stationary microseismsperceptibleas far as the Atlantic sta-
oscillationsof the sealevel occur.Thesestationary tions (Carder, 1955), and in the Bay of Biscay,
waves,first attributed to the crossingof opposite where microseismicstormsare duplicatedby the
wave trainssuch as thoseprovokedby orthogonal arrival of distantlyoriginatedcyclonicswellswhich
reflection on a linear barrier, are rarely found to haveearlierbeen signalledmicroseismicallyboth
havearisen becauseof meteorologicalconditions in Parisand Hendage(Bernard,1961).
over the oceanexceptat the centreof depressions, In shallowwaters,“primary” microseismshave
where convergentwinds give rise to “pyramidal the sameperiod as swell. An experimenton the
waves” (Fig. 3) which are usually higherthan long wave canalat Maisons-Alfort (LNHF) hasshown
crestwaves,or in thechangein direction of winds that swell arriving againsta dam acts as down-
which accompaniescold fronts (Grinda, 1972), wardpressureon the floor andnot asa percussion
but the examinationof isobaric chartsshows that at the surfacelevel: the movementof the damis
the microseismiceffect of circular lows is always not a backwardshift but a tilting towardthe crest
strongerthan that of fronts. of the wave (Bernard and Brosselard-Faidherbe,

On the otherhand, the reflection of seawaves 1972).
on a coast referred to above can give rise to a The closeconnectionbetweenmicroseismsand
concavemirror effect when the bank presentsa swell has beenuseful to clarify propertiesof the
circular design so that there is, as in optics, a latter phenomenonas well as of the former. For
“causticarea”wheretheplashingwavesarehigher. example,a field of swell travelling on the ocean
This canbe observedon ponds, lakes,or lagunas has local microseismic effects on the coasts
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Fig. 2. Applicationof thehyperbolicmethod(locusof thedifferencein times of a suddenincreaseof microseismicamplitude):curve
C1, betweenScoresby-Sundand Ksara; curve C2, betweenAbisko and Scoresby-Sund;curve C3, betweenCopenhagenand W.
Europeas a whole; D, medianof thesimultaneousstationsSt. Maur andCopenhagen:all curvespassnearthecentreof anoceanic
barometriclow (Bernard, 1941).

reached,and so can be tracked as far as the to the much-debatedproblem of the dependence
antipods: the velocity observed does not vary of meteorologyon solar activity and indeed an
greatly (about 60 km h~)(Bernard,1949, 1959) undecennialvariation of microseismswas found
and this figure is used in swell prediction (Gelci, on a 70 yearscompositeseriesof annualmeans
1952). Microseismsare registeredin France1—3 usingsuccessivestations,eachreferredto its own
daysbeforethe arrival of swell in Morocco,andin generalmean:conspicuousmaximaoccur in 1910,
South Africa or Antarctica before its arrival on 1920,1930, 1940,1962,and 1972, all datesfalling
the coast(Darbyshire,1973; Smimov, 1968). during the decreaseof sunspots,as do the years

Anotherimportantfact is that the amplitudeof 1873 and 1886 of Bertelli. It is, however,curious
microseismsis dependenton cyclonicactivity, and that the amplitude of this undecennialperiod is
may therefore furnish an index of it for a large smallestafter the paroxysmalsolarcyclesof 1948
area around each station, on contrast to other and1958 (Fig. 5).
meteorologicalparametersof a local character.It It is remarkablethat this lag of microseisms
was consequentlypossibleto searchfor a solution behindsunspotactivity is also foundin the unde-
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Fig. 3 Pyramidalwave photographedat thecentre of a cyclone (after Charcot. 1929).

cennial variation of the amplitudeof geomagnetic Moreover, this research on microseismic
disturbances,asmentionedby Bernard(1948)and monthlyandyearlymeansoverlongperiodsled to
confirmedfor a periodof over 100 yearsby Simon the observationthat variationsof the total ozone
and Legrand(1989). measuredat Mauna-Loa (Garcia et al.. 1984)

Fig 4. Plashingwavesneara circular bank on the lagoonatWest Palm Beach.Florida.



HISTORICAL SKETCH OF MICROSEISMSFROM PASTTO FUTURE 149

I’’’’ I’

M
j.Q J
0.9~

+ 0.1

~. l,.tt I ~. t r ~
I9I~ 192.0 195G 1P~O 19~O -1970

Fig. 5. Curve 1, biannualmeanson 12 monthsof relative amplitude of global microseisms(15 overlappingstations).A Labrouste
linear filter on these data give the undecennialperiodic curve, curve 2. Arrows indicate the solar sunspotsmaxima. Curve 3,
successiveannualmeanscalculated,as for microseisms,from Januaryto Decemberand July to June, on total ozone data at
Mauna-Loa(after Garcia et al., 1984).

stronglyresembledmicroseismsduring their corn- Bernard,P., 1949. CR. Acad. Sci., 228: 2047.
mon seriesof observations;this correlationsug- Bernard,P., 1959. C.R.Acad. Sci., 248: 2370.

Bernard,P., 1961. C.R. Acad. Sci., 253: 2732.
geststhat theamountof ozoneis actuallyaffected Bernard,P. andBrosselard-Faidherbe,F., 1972. Symposiumon

by troposphericdisturbancesandtheir mechanical Microseism,Paris, IGN, p. 121.

action on the generalcirculation and equilibrium Carder,D.S., 1955. Trans. Am. Geophys.Un., 36: 838.
of the middle atmosphere. Charcot,J.B., 1929. La Mer du Groenland,Paris.

Other stationsobservingozoneare not known Chesneau,J. and de Chancourtois,B., 1888. Ann. Mines, 13:
389. The graph is reproducedin H. Korhonen (Editor),to reveal this undecennialtendency,but it is un- SecondReportof theIASPEICommissionon Microseisms,

derstandablethat an atmosphericeffect will be Acta Univ. Oulu Ser.A, 43: 8.

clearerin the centreof animmenseoceanthan in Darbyshire,J., 1973. Riv. Ital. Geofis., 22: 309.

continentalobservatories;it is howevernoticeable Dütsch, 1984, OzoneSymposium,Greece,p. 263.

that Arosa had a conspicuousmaximum in 1940 Eva, C., 1975. In: H. Korhonen(Editor), SecondReportof the
IASPEI Commissionon Microseisms.Acta Univ. Oulu Ser.

and 1952 (Dütsch,1984).
A, 43: 11—18.
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that their routineobservationsare continuedand Gelci, R., 1952. Bull. Inf. COEC.,4: 312.Gherzi, E., 1924. NotesSeismol.Observ.ZiKaWei, No. 5.
are treated statistically at a number of well-dis- Gilmore, M.H., 1946. Bull. Seismol.Soc. Am., 36: 89—119.
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