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Microseisms and the Importance of their World-Wide Study *)

ALOIS ZATOPEK
Geophysical Institute of the Charles University, Prague

( Received Fanuary 27, 1965)

The so-called microseisms represent the most regular, quasi-periodic kind of
ground unrest. They may be originated in different ways and their spectre of periods
is distributed from some hundredths of a second to some tens of seconds. For example,
local microseisms with periods of 0.07 sec and 0.3 sec, respectively, were observed
in Prague, in 1940, in connection with favourable physical conditions which occurred
by random during the repair of a dam, damaged before by ice and high water. On
the other hand, there exist observations of periods longer than 10 seconds and even
over 20 seconds.

This communication will deal with microseisms in the period range from 3 to
10 sec. These ground oscillations, appearing most frequently during the winter

Fig. 1. Relation between
the position of cyclonic
centres and the amplitudes
of microseisms at Praha
during the active period
1948-49. Pressure in the

cyclonic centre a) < 965

mb, b) 970-980 mb, c) = A3 A3 aad"

985 mb; a, b, ¢ strong mi- Ob ®mb mb"

croseims, a’’y b, ¢’ me- oc ec¢ oc"
dium microseims.

*) Presented at the Xt® Symposium, Soc. Hungarian Geophysicists, Budapest, September, 1964.
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season on the seismograms over great parts of continents, are due, in general, to
rapid changes of atmospheric pressure pattern over seas and oceans.

The main subject of this contribution are the microseisms originated in the
north-eastern part of the Atlantic frontal zone (Fig. 1) as observed on the European
continent, and especially in the central part of Europe.

This investigation of European microseisms covers the period from 1948 until
1963 and was carried out at the seismological station of Prague. Its aim was to establish
a more exact relation between the circulation in the Atlantic frontal zone, extending
between the east coast of North America and the west coast of the European conti-
nent, and to ascertain the influence of other regimes of circulation which cannot be
a priori eliminated.

A
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Fig. 2. Horizontal amplitudes A = (Afv'{"Aiv)‘/a and periods T = } (Tn + Tx) of microseisms recorded
at Praha 1948/49 (near a maximum of the solar activity).

In the first stage of our study, the respective correlations between the amplitudes
and periods of microseisms, recorded at the station of Prague, with the position and
depth of barometric lows, with velocity and evolution of their centres, with the
character and movement of fronts, with wind direction and velocity, with the sea
depth in the origin area, and with other factors have been established and studied.

“‘The results of this study of oceanic effects observed at a continental station, i.e.
that of Prague, have been obtained by means of a continuous graphical representa-
tion of the time course of amplitudes and periods of microseisms, taken throughout
the whole annual period of microseismic activity. This representation uses four

4



parallel time axes, corresponding to the principal meteorological terms at 0 h, 6 h,
12 h, and 18 h GMT, respectively. In this way, one normalized millimetre paper was
sufficient for representing the time course of the periods and amplitudes for one
whole active period from September to May of each year (Figs. 2—4). Even auxiliary
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Fig. 3. Amplitudes A and periods T recorded at Praha 1956/57 (near another solar activity maximum).

data, necessary for obtaining relations between microseisms and other investigated
factors, may be plotted into the same diagram. Active periods of different years
can be compared very easily for the same or for different stations, and more general
time and space characteristics can be derived by means of this method.

It must be underlined that not only microseismic storms, as it is normally the
case, but also the “usual” microseims were included into the analysis. This happened
by means of the idealized summation curves of periods and amplitudes constructed
for the active period in question, and represented as smooth curves. Differentiating
them, the idealized smoothed course of periods and amplitudes during the period



considered was obtained. These curves can also be compared for various active
periods and for different stations ; by means of them a comparative study of individual
active periods, and longer time intervals, for one or for many stations was possible
during the second stage of the analysis (Fig. 5). The IGY and the YIGC intervals,
naturally, were subjected to a more detailed study.

Throughout the period of investigations, the corresponding synoptic maps
were studied from day to day simultaneously with the course of microseisms. It was
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Fig. 4. Microseisms of Praha 1954|55 (solar activity minimum).

proved that for Prague the microseisms are closely connected with cyclonic activity
in the eastern part of the Atlantic frontal zone, i.e. in a belt running to the north-
east, east of the meridian 40°W and north of the parallel 50°N (see Fig. 1). Par-
ticularly important regions for the generation of microseisms—as observed at the
station of Prague—proved to be the part of the Atlantic Ocean situated to the west,
south-west and south of Iceland, the region of Jan Mayen Island, the region west
of the coast of central Norway, the northern Norwegian coast, and the northern
part of the Baltic Sea (Figs. 6, 7).

The generation of microseisms in these regions has been found to be closely
connected with the origin, development and motion of pronounced barometric lows.
It was found that stationary cyclones do not exhibit noticeable effects on the ampli-
tudes of microseisms as observed in Prague. No clear effects of the cyclones occurring
over the shallows off the coast of Greenland, over the North Sea, and in the English
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Channel or in the Bay of Biscay were stated. Similarly, no traces of the effect of the
Mediterranean regime, this being in many cases distinctly expressed in meteorological
factors over Bohemia, were found in the Prague microseisms. Many of the effects
observed show, apart from the effects of distance from the place of origin of the
microseisms, also an influence of geological structure.

During the second stage of research the method described was applied to periods
and amplitudes of 18 following European seismological stations: Athens, Belgrade,
Bratislava, Bucarest, Collm, Copenhagen, De Bilt, Halle, Hurbanovo, Jena, Kiruna,
Nord, Potsdam, Skalnaté Pleso, Strasbourg, Stuttgart, Triest, Warsaw. In this way
the results obtained for Prague could be generalized for the whole central Europe.
It was found that the known similarity in the course of microseismic amplitudes at
different stations in the case of individual storms is valid also for the generalized
smoothed amplitude curves derived for the respective active periods. The conserva-
tion of the type of these curves for a number of stations situated along the profile
Kiruna-Triest (Fig. 5) is seen as a demonstration of the predominating effect of the
Atlantic zone in the global regime of the European microseisms.

However, it was stated that the regions, mentioned above as the main origin
areas of microseisms for central Europe, appear to be less important for the propaga-
tion of microseisms through the Scand-
inavian shield and Russian platform. For 4] ﬂ
the last two regions the most important ,,
origin area seems to be the part of the
Atlantic Ocean which is situated off the Ke
western coast of Scandinavia.

As it concerns the mechanism of 2o
European microseisms, these are origin-
ated by barometric effects as well as by i
coastal effects, especially by the surf effect. 1
One can attribute the parallel effects of 16 \vata
continental dimensions, which determine ]
the general common character of micro-
seismicactivity of individual active periods,
to the “first order” sources, while the
differences, which are characteristic for
various regions, may be explained as effects
of the “second order” sources. In the first

Fig. 5. Smoothed amplitude curves 195758 along
a N-S§ profile; decrease of amplitudes from N to S
(Kz vertical component at Kiruna, Uz wvertical

component at Uppsala, Cz vertical component at / , .*-.\ ‘i':‘&\ v

Copenhagen, Py horizontal component at Prague, /, EaAYa

Ty horizontal component at Trieste. Curve i repre- _‘,,;"' 1957 | ) |1 91581 ' T
sents smoothed indices for 500 mb. O Vo x xixi T o vovivi©



Fig. 6. Origin areas of
microseisms derived by
superposition of maps si-
mular to that given in Fig.
1 for the period 1948-49
and 1956-57).

case, the sources are of considerable dimensions involving large oceanic masses of
water which participate in generating microseisms. In the second case, the sources
are of only regional dimensions, e.g. centres of secondary barometric lows, winds, cold
front passages from the sea to the continent, surf, etc., generally acting in the neigh-
bourhood of the coast. The dimensions of the sources are naturally connected with
the period of microseisms: long period microseisms, in general, are to be ascribed
to more extended sources than the short period ones. Here, under the term “source”
we understand the “effective” source, i.e. a complex of ‘“‘elementar’ sources respon-
sible for the generation of microseisms in the origin areas. It is clear that, in real
conditions, no universal mechanism and no universal theory may be suggested which
would be able to describe the generation and propagation of microseisms.

Fig. 7. Origin areas in-
dicated by maximum iso-
lines of statistical weights
(1948-1960).




These also depend greatly on the geological and tectonical structure of the area
in question. Our present knowledge of these relations is very unsatisfactory; for
Europe it would require a detailed study, covering, if realized, the whole European
area and the western part of the Asiatic continent.

The immediate relation of microseisms, generated in the Atlantic frontal zone,
with atmospheric circulation was studied by correlating the course of microseismic
amplitudes with an index number, roughly proportional to the west-east component
of the geostrophic wind velocity in the 500 millibar level. An obvious qualitative
correspondence was found for the winter period (see Fig. 5, curve ¢i’*) ; for the warmer
period of the year it appeared to be less satisfactory. The explanation of this observa-
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Fig. 8. Smoothed amplitude curves 1948-1960 (the lack 1955/56 caused by a water calamity); solar
activity maxima: 1947 and 1956, respectively.

tion by a smaller effect of warmer turbulent air layer on the formation of water waves
over the ocean seems to be obvious.

In order to see how the effect of the solar activity is, which influences the
atmospheric circulation, on microseisms, the time course of smoothed microseismic
amplitude curves (plotted for Prague) was pursued during the period 1948-1960.
This period covers the time interval from the maximum of solar activity in 1947 over
the following maximum in 1957. It was found that, on the whole, the maxima
formed a wave with the highest peaks corresponding to the maxima just mentioned
of the solar activity (Fig. 8). A comparison of the course of the mean relative sunspot
numbers during the period considered with the course of the maximum smoothed
amplitude values shows roughly the same trend of both curves (Fig. 9).

The third stage of research into microseisms in Prague was a statistical invest-
igation of periods of European microseisms; especially the cases with periods over
6 seconds were studied. Periods of microseisms are a very sensitive and reliable
parameter. It was found that the well known parallelism in the course of periods
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T ([ L Fig. 9. Mean relative sunspot numbers R (after
A . Waldmeier) a) plotted against maximal and mean
4 smoothed amplitudes of microseisms, curves b) and
c) respectively.

150115
7 and amplitudes of microseisms is only a
7| very rough statistical characteristic. A more
7 detailed study shows certain systematic
1 differences of periods at various stations,
/ and reveals microseisms as a “polychrom-
b "f \( b A atic’> movement, the periods of which are
iR strongly influenced not only by the origin
- i 7 mechanism, but also by the geological
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w_ Co 1  structure. The long-period microseisms,
50105 —x— N \s' ,;" as observed in Prague, are originated
- Y A mostly in the region of Iceland ; the regions
r " of Jan Mayen, of the northern Norwegian
~ coast and Baltic Sea, respectively, are of
B primary importance for Scandinavia and
01948149'50151 5753 54 55 56 5756 59190 for the Russian platform. It was generally

stated that long-period microseisms ap-
pear, when extended pressure patterns with pronounced lows are present. If these
are storm cyclones, then long period microseisms are observed as longperiodic
microseismic storms; if the cyclones are stationary (Fig. 10), only a very small
rise of amplitudes (or none at all), but always a considerable increase of periods
are observed. For the rise of long-period microseisms, the development of cyclonic
features of great dimensions, extending mostly in the SW-NE, and less frequently
in the NW-SE, directions and their rebuilding were found as characteristic. A com-
parison of similar phenomena at different stations of Europe leads to a conclusion
that such a study, extended to as many stations as possible, would be very useful
in a wide scale research into the structure of the Earth’s crust, and the mechanism
of origin and propagation of microseisms as well.

A number of authors studied microseisms from different points of view in all
parts of the world. They discovered very
interesting regimes which often differ con-
siderably from each other, but there is
practically no knowledge of the system as
a whole, and of the connections between
the various regimes and the prevailing
mechanisms. In order to penetrate into

Fig. 10. Synoptic chart at 6.00 GMT on March 2,
1963 (stationary low).
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these problems, very important for the study of the general atmospheric circulation
and for the structural study of the Earth’s crust, it would be necessary to organize
a simultaneous world-wide research into the complex of phenomena and relations,
connected with microseisms. A group of problems could be attacked as a seismolog-
ical contribution to the International Quiet Sun Year. These investigations would
indirectly stimulate the progress in standardization and homogeneization of seismic
instruments and methods of mechanization and automatization of evaluating data
from long observational series.
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Mikroseismy a duleZitost jejich celosvétového studia

(Souhrn)

Na seismické stanici Praha jsou od r. 1948 soustavné studovdny mikroseismy s periodami od
3 do 10 sekund.

V prvni etapé, vénované mikroseismim registrovanym stanici Praha, byla zjiit€na jejich tésna
souvislost s cyklondlni ¢innosti v sv. ¢4sti tzv. atlantické frontdlni zény na vychod od 40° z. d. asev. od
50°8. Byly nepfetrZité sledovény korelace amplitud a period mikroseismu se synoptickymi faktory zmi-
néné zOény. Statistické zpracovani je vdzdno na hlavni meteorologické terminy a vychdzi z grafického
zndzornéni chodu period a amplitud v soustavé o &tyfech ¢asovych osdch, odpovidajicich meteoro-
logickym termintm. Je rozséhle pouZivdno grafickych metod kolektivniho poltu, zejména vyhla-
zenych sou¢tovych kfivek amplitud a period a z nich odvozenych deriva¢nich k¥ivek, zachycujicich
celkovy charakter jednotlivych aktivnich obdobi. Studiem Kkorelaci byly ziskdny zdkladni zdkoni-
tosti prib&hu praZskych mikroseismi a odvozeny hlavni oblasti jejich vzniku: okoli Islandu, oblast
Jan Mayena, sz. a sev. ¢4st norského pobiezi a Botnicky zaliv.

V druhé etapé toto studium bylo rozsifeno na 18 daldich evropskych stanic, roz§ifena platnost
praZskych zavér na oblast stfedni Evropy a sledovédn celkovy tibytek amplitud ve sméru S-J a Z-V.
Zjisténo, e $ifeni mikroseism je siln& ovliviiovdno geologicko-tektonickou stavbou velkych blokt
evropského kontinentu. Zdkladni rysy evropské mikroseismické &innosti byly pfisouzeny zdrojim
s,sprvniho f4du®, pusobicim na §irém Atlantickém ocednu. Z4kladni rysy jsou pak v riizné mife ovliv-
flovany zdroji ,,druhého f4du‘, vdzanymi spie k pobfeZi.

Ve studovaném obdobi se jevi jisté zesileni mikroseismické ¢innosti (amplitud) v obdobi sle-
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dujicim slune¢ni maxima 1947 resp. 1957, a naopak zeslabeni v obdobi slune¢nich minim 1955
resp. 1963.

Tieti etapa byla vénovana vyzkumu period, zejména deldich nez 6 sekund. Bylo zji§téno, Ze
dlouhoperiodické mikroseismy jsou spojeny s vyskytem rozsdhlych a hlubokych tlakovych depresi,
zejména v oblasti Islandu.

Srovndvaci studie mikroseismt ukazuji, Ze buzeni mikroseismt v riznych oblastech svéta
podléhd riznym cirkulaénim reZimum, jejichZz dosud velmi mdlo zndmé souvislosti vyZaduji, aby
dlouhodobé, soustavné a nepfetrzité studium mikroseismt bylo zahdjeno v celozemském méfitku.

Muxkpoceticmsl u 3nauenue ux uccae006arUtl 8 MUPO8OM Macuimabe

Pesiome

Ha ceiicMuueckoit cranimn Ilpara cucteMaTHuecKy U3y4arOTCA C 1948 I'. MUKPOCEHCMBI C Ite-
proaamu oT 3 10 10 CEKyHA.

B mepBom 3Tame ucCCiIeJOBaHMM, KOTJAa YAEJSJIOCh BHHMaHHE MHKpOCEeMCMaM, perucTpupo-
BaHHBIM JIMIb crannueii IIpara, Obljla HalileHa UX TeCHas CBA3b C LMKJIOHAJIBHOM AESATEILHOCTHIO
B CEBEPHOM YaCTH aTJIAaHTMYECKOMH (hpOHTaJBHOM 30HBI BOCTOUHEE 40° 3amafHOM JOJITOTHI M 50°
ceBepHOH WKpPoThl. HempeprIBHO MCCIIeHOBAINCE KOPPEIIALMU aMILIUTY & X IEPHOI0OB MUKPOCEHCM
OTHOCHTEJIBHO CHHOIITHYECKHX (DaKTOPOB Ha3BaHHOM 30HbI. CTaTHCTHYECKa 00paboTKa pe3ynbTaToB
00yCIIOBJIEHa CTAHOAPTHHIMH METEOPOJIOTHUYSCKHUMHI CPOKaMH M HCXOOUT M3 rpa¢puyecKoro mnpen-
CTaBJIEHUsI CMEILIEHUIT HyJIel ¥ aMIIUTYA B CUCTEME C YEThIPbMS OCAMH BPEMEHH, COOTBETCTBYIO-
(MH METEOPOJIOTHYECKUM CPOKaM. B GoJblioil Mepe npuMeHsIOTCSA rpaduuecKkue MeToabl obpa-
60TKHM OOJIBILIMX COBOKYITHOCTEH NaHHBIX, OCOOEHHO CIJIa)KEHHbIE CyMMapHble KPUBBIE aMIUIUTYL
1 NEPHOIOB, TAK)KE KaK M I10 HUM IIOCTPOEHHBIE IIPOU3BOAHBIE KPUBLIE, NPEICTBIIAIOIIME OOIIMiA
XapaKTep OTAEJbHbIX aKTUBHBIX HHTEPEBAJIOB. B pe3yibTaTe H3ydeHHs1 KOppenAnMi GbIIH MOJTY-
YeHbI OCHOBHBIE 3aKOHOMEPHOCTH B IPaYKCKMX MHUKPOCEHCMax M JaHbl IJIaBHbIE 00JIaCTH UX BO3-
HHKHOBeHMA: oKpecTtHocTs VMcnanauu, obnactsk ocropa SIH-MaiteH, ceBepo-3anagHas U CeBepHas
YaCTH HOPBEKCKOro nobepe)kbst 1 BoTHuueckuii 3aymB.

Bo BTOpOM 3Tane 3TH HCCIeA0BaHUA ObLIM PaCIIPOCTPaHEHbI M Ha JJasbHeline 18 e BponeiCKuX
CTaHIMif, 0600IEeHa CIpaBeIMBOCTh NPaXKCKUX 3aKJIO4eHHH Ha obsacts cpeaneit EBpomnbl, Hc-
crenoBajock olIee yObIBaHHE aMIUIMTY[A B HaNpaBJIEHUSAX CeBeP-IOr M 3amafi~BOCTOK. BbUIO
00HapY>KEHO, UTO PACIPOCTPAaHEHNE MUKPOCEHCM 3HAUUTEIIFHO 00YCIIOBIIEHO re0JIOTHYECKO-TEKTO-
HHYECKOH CTPYKTypoi#l GoJpIIMX GJIOKOB €BpOIEHiCKOro KOHTHHeHTa. OCHOBHBIE YepThI eBponeii-
CKOM MHMKPOCEHCMUYECKOH MeATESIBHOCTH CUMTAIOTCA IPOUCXOAAIIMMHE OT MCTOYHMKOB (IIEpBOTO
MOPSIAKAY , UMEIOLUXCSA B 00J1aCTH ATJIAHTHYECKOTO OKeaHa. DTH OCHOBHEIE UePThI AaJIblie 00y CiIo-
BJIEHbl B Da3HOM Mepe MCTOYHHKAMH (BTOPOTO NOPAAKA» OTHOCAIIMMHCA GoJjiee K GeperoBbIM
30HaM.

B uHTepBane mcciefoBaHMiT OOHAPY>XMBAETCSI HEKOTOPOEe YBEJIMUYEHHE MHUKPOCEHCMUUECKOM
[esITEIbHOCTH (aMJIMTYX) B NMEPUOABI, CJIEAYIOUIHE 32 COJIHEUHBIMM MaKCUMyMaMH 1947 WM 1957
IT., ¥ Ha000pOT HEKOTOPOE YMEHBIIICHUE B MMEPUOBI COJTHEUHBIX MUHUMYMOB 1955 MJM 1963 rT.

Tpernit 3Tan ObLT IOCBSILIEH UCCAEOBAHUAM IIEPUOJOB, OCOOEHHO 0OJIBIIIEN BETMUHMHBI UM
6 cekyHA. Bbuto o0Hapy)KeHO, YTO [JIMHHONEPUOJUYECKUE MHUKPOCEHCMBI CBA3aHbI C IIPOMCXOMK-
IeHUsAMH OGIIMPHBLIX M TIIyOGOKUX Aenpeccuii (maBiieHus1), ocobeHHo B obnactu Mcnangun.

B pesaysbTaTe CpaBHUTENBHBIX HCCIIeOBAaHHI MUKPOCEHCM OKa3bIBaeTCA, YTO IIPOHCXOIKACHHE
MHKPOCEMCM B PasHbIX 00JIaCTSIX MHPa OOYCJIOBJIEHO PasHbIMHU PEXKMMaMM LIUPKYJISLHMHA, B3aUMO-
OTHOIIIEHMA KOTOPBIX [0 CHX NOPp BeChbMa MaJI0 M3yYEeHHBIE, TPeOYIOT, UTOObI CHCTeMAaTHYECKHe
M HenpepLIBHLIE NCCIIENOBaHNA MUKPOCEMCM B TeUEHHE JIIMHHOIO MEePHO/a ObLIM HAYaThl B MHPO-~
BbIX Maciurabax.
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