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ABSTRACT

Ostrovsky,A.A. and Korhonen,H., 1990. On correlationof theenergiesof primary and secondarystormmicroseisms.Phys.
Earth Planet. Inter., 63: 196—200.

The estimationsmadeby Ostrovsky(1979) have revealedthat the energycorrelation of primary and secondarystorm
microseismsshould substantiallyincreasewith increasingperiodof the oceanicwavesgeneratingthem. Comparisonwith
experimentaldata(Korhonen,1971; Korhonenand Pirhonen,1976; Bossolascoetal., 1973)showedthat theseconclusionsare
confirmedin many cases.l’his permitteda new interpretationof someof the results.The dependenceof theintensity of
primary andsecondarymicroseismson theperiodof oceanicwavesis suggestedas anadditionalcriterion for thedetectionof
the generationzonesof microseisms.

1. Introduction scientistsuseboth mechanismsfor the analysisof
microseismrecords, discussion of this problem

A long historyof observationsand analysisof still continues.
microseismshas accumulateda greatamount of The main criterion usedto determinewhether
theoreticaland experimentaldata (see review by surf or standingwaveswerethe sourceof micro-
Monakhov,1977). seismsand whether location of the source of re-

A definite correlationbetweenthe strengthen- corded microseisms coincided with the region
ing of microseismsand the appearanceof inten- whereoceanicwaveswereobservedwas the coin-
sive cyclonesoverseasand oceanswas revealed. cidencein frequencyof the spectralmaximumof
The results of numerousmeasurementsyielded microseismsand the normal or double dominant
two main mechanismsof microseismgeneration: frequencyof oceanicwaves.
the surf mechanism(Wiechert, 1904) generating Determinationof main sourcesof microseisms
primary microseismswith a period equal to the becamethe first step in the solution of an im-
storm wave period, and the interferencemecha- portant problemin seismology,which is the devel-
nism (Longuet-Higgins, 1950) generating sec- opment of a quantitative model to define and
ondarymicroseismswith aperiod equal to a half forecast the intensity of microseismsin a given
of that of the stormwaves.In many papersthese regionon thebasisof hydrometeorologicalparam-
mechanismswereopposedto eachotherbecause etersof the cyclone causingthem. This problem
of the contradictionswhich arosein the interpre- was consideredin hundredsof papersbut it is still
tation of empirical data.Thoughat presentmany far from solution. Therefore,the determinationof
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the correlationbetweenthe intensity of primary

HOseawavesis urgent.This complicatedproblemwasexamined by Bath (1949), Hieblot and Rocard
(1959), Hasselman(1963), and Darbyshire and
Okeke (1969). They obtainedtheoretical correla-
tions which havemadepossiblean interpretation ‘( yand secondarymicroseismsandthe parametersof
of much of the experimentaldata; however,need
was felt to searchfor simpler models. Ostrovsky
(1979) suggestedsuch a model which connected
the energyratio of primary and secondarymicro-
seismswith the parametersof near-coastseawaves.
The presentpapercontainsthe first resultsof a
comparisonof the theoreticalestimatesobtained Fig. 1. Scheme for the generationof coastal microseisms.

there with the results of experimentson the re- W
1 = energyflux transferredby surf towards thecoast, W2 =energyflux radiatedby a zone of standingwavestowardsthe

cordingandanalysisof microseismscarriedout by bottom.

some European seismological observatories

(Korhonen, 1971; Bossolasco et al., 1973;
Korhonenand Pirhonen,1976). wherec is the velocity of soundin water, A is the

wavelength,R is the reflectioncoefficient(which

dependson the topographyof thebeach), a is the

2. Analysis of the model waveamplitude,g is the freefall acceleration,and
x0 is the length of coastal standingwave zone

The energy correlation of primary and sec- (Fig. 1).
ondarymicroseismsgeneratedby surf andby the One of the consequencesof the estimatesob-
interactionof opposingwavesin the coastalzone tamedis that an extension,all other things being
was estimated(Ostrovsky, 1979) by the ratio of equal,in the areaof the standingwave zonewould
energy fluxes transferredby travelling waves to- result in a relative increasein the intensity of
wardsthe coast and radiatedby a zone of wave secondarymicroseisms.
interaction towards the bottom. It was assumed Anotherconsequenceis that W1/W~is propor-

that energyloss in the two fluxes understudywas tional to T
5/a2 because,for deepsea areas,the

the sameduring passagethroughwater—coastand seawave period, T, is relatedto A by the simple
water—bottom interfaces, and that microseisms relation T2 = 2 irA/g.
wererecordednot far from the surf zoneconsid- So, with small variationsof surf amplitude,the
ered so that other sourcesof microseismswere W’

1/W ratio should increasenoticeablywith in-
negligibly smallandthe differencesin attenuation creasingdominantperiod of the stormseawaves
of primary and secondarymicroseismswere insig- whichcausedthe analysedmicroseisms.This con-
nificant. clusionwas correlatedwith experimentaldataob-

Calculationsshowed that the ratio of energy tamedmainly for the Scandinavian-Balticarea.
flux transferredby surf towardsthe coast(W1) to
energy flux radiatedby a zoneof standingwaves
towardsthe bottom (W2)~ 3. Experimentaldata

w
K = The first correlation we made was with data

obtained by a long-period seismographat the

cA
5”2 seismic station at Oulu (Finland) in mid-1960s

= 2’1”2i~5”2Ra2x
0g

1”2 (Korhonen,1971).The form of microseismspectrawas studiedby the analysisof hydrometeorologi-
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1/ W2 versusT for themicroseismsoriginat- W1/ W2 versus T for themicroseisms,recordedby NORSAR
ing during storms in the Norwegian Sea (Korhonen,1971). during storm 6 on May 1972 nearthe Norwegiancoast[data
Here,and alsoin Figs. 3—5, note theincreaseof W1/W2with and numberingof Korhonenand Pirhonen(1976)].
increasingT.

tral density and peak periods of primary and

cal conditions in adjacent regions. All spectra secondarymicroseisms,the direction and velocity
were divided into two unequalgroupsaccording of wind, andthedirection andheightof seawaves
to thelocation of the source.The first small group werestudied.Waveobservationswerecarriedout
was relatedto storms in the North Atlantic; the on boardan oceanographicvessel.
second,andlarger group,included spectraof mi- For comparison,storms6 and 7 (numbersys-
croseismsgeneratedby surf near the Norwegian tern by Korhonenand Pirhonen,1976) were cho-
coast.All spectrashowmaximawith periodsequal sen,during which considerableperiod variations
to or half that of the respectiveseawaves.Thus, took place.As in the first case,the ratio W1/W2
the conditionsof microseismgenerationnear the wasdeterminedby the ratio of the spectraldensi-
Norwegian coast were approximatelysimilar to tiesof the peaksof microseismsof the two types
the model analysed. (in this caseafter correctionfor long-periodseis-

For comparison,the spectrafrom the second mographresponse);the first peakperiodwas as-
(“Norwegian”) group,whichhadnoticeablyvary- sumedequalto the waveperiodandthe secondto
ing periods of primary microseism peaks,were half the wave period; thus the microseismswere
taken. According to Korhonen(1971), theseperi- supposedto be generatedaccording to Wiechert
ods equalledthe periodsof surf-generatedmicro- (1904)andLonguet-Higgins(1950). Figures3 and
seisms,which agreeswith the model.Thevaluesof
the WI/W2 ratio versusT are givenin Fig. 2. The
figure showsthat, on a backgroundof the over-all
domination of secondarymicroseisms,the ratio
W~/W2increasessignificantlywith increasingT. 2

In 1979 data were published on microseism ~
recordings by long-period seismographsof the
seismological system NORSAR (Korhonen and
Pirhonen, 1976; Bungum et al., 1971). Together ~
with the microseism recordings, the principal
meteorologicalconditions in the North Atlantic,
the Norwegian and North Seaswere observed. Q ~ ~ ~ ~ ~ ~ ~ ~ 22
Severalintensivestormswerechosenfor analysis. T(a)
The variationwith time of the valuesof the spec- Fig. 4. The sameasFig. 3 for storm 7 on June1972.
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I I I I I I which had simplified the model, its application

canbe useful for analysisof recordsof microseism

spectra.Thus, we believe that using the modelsuggestedin the analysisof dataof Bossolascoet

al. (1973) would permit them to beinterpretedin
more detail and, in some cases,possibly without

0.1 the assumptionof a considerabledifferencein the
attenuationcoefficientsof primary and secondary

microseisms.

I 1111,1111 Nevertheless,the processof microseismgenera-6 7 8 9 10 11 12 t’3 14 15 tion is obviously much more complicatedand
T ~ diversein reality; thereforethe model given does

Fig. 5. The variation of A
1/A2 with T for the spectraof notpretendto be a completequantitativedescrip-

microseismsrecordedin Genoaatdifferent times on December . .tion. It gives only a qualitative presentationof
30, 1970, accordingto the dataof Bossolascoet al. (1973). . .

microseism sources,using comparatively simply
measuredquantities.

A satisfactoryagreementof the model and the

4 presentW1/W2 versusT for both the storms experimentsindicates that in many cases.micro-
mentioned.For storms1, 2, and8, the variationof seismsare generatedin coastalzonesaccordingto
the seawave periodwas small; neverthelessthey the conceptsof Wiechert and Longuet-Higgins.
also showed a tendency for W1/W2 to increase Nevertheless,thereare data which do not agree
with increasing T. The dataon storms 3 and 5 with the model.As hasbeenmentioned,for some
revealed no changein W1/ W2 with T, and for of the stormsanalysedby KorhonenandPirhonen
storm4 the oppositedependencewasobserved. (1976), W1/W2wasnotdependenton T. This was

The fourth andlastcomparisonwasmadewith probablydueto lackof information on changesin
data of Bossolascoet a!. (1973). They were ob- sea wave amplitudes which caused the micro-
tamedin the vicinity of a coastalline that agreed seismsanalysed(therewereonly on-boarddataon
bestwith the model.By measuringthe ratio of the the amplitudesobtainedfar away from the zones
amplitudesof secondary(A2) and primary (A1) of microseismorigination) and also to consider-
microseismswith varying surf periodsfor various abledeviationsof the realsituationfrom the model
stormconditionsin the MediterraneanSeain the (existence of many independentsources, inter-
vicinity of Genoa, Bossolascoet al. (1973) ob- ferenceof wavesradiationby them,etc.).
tameddatathat disagreewith ours. However, ex- Oneof the difficulties which thescientistmeets
amination of the variation of A1/A2 with T for is the necessityto determinethe oceanregion in
some storms revealsa situation which meetsthe which storm sea waves caused the microseisms
model discussedhere.For example,for the storm under study. As already mentioned, the main
which occurredon December30, 1970 (Fig. 5), the criterion in this caseis usuallythe coincidenceor
variation of the amplitude ratio of microseisms non-coincidenceof the seawave period with the
with changingsurf periodagreedwith the model; primary peakperiod in the microseismspectrum.
however, on December 28, an opposite pattern We suggestthat an additional criterion for this
was observed(Bossolascoet a!., 1973). analysis would be the presenceor absenceof a

correlation betweenthe variations of sea wave
period and the intensities of primary and sec-

4. Discussion ondary microseisms.Further experimentsshould
provethe effectivenessof such an approach,and

In our opinion, the datapresentedqualitatively further improvementsin the model (e.g. the intro-
confirm the estimatesobtainedearlier by Ostrov- duction of a coefficient correcting for coastal
sky (1979). In spite of substantialassumptions slope) would pave the way for a more detailed
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analysisof the processof microseismgenerationin microseismscan serve as an indication of the
coastalzones. regionof microseismgeneration.
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