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ABSTRACT

The basic scientific question of this study was: do other mechanisms exist for excitation of secondary microseisms aside 
from the widely accepted mechanism by non-linear interactions of respective ocean waves. Here we use continuous broad-
band data from secondary microseisms recorded at the Ostrava-Krásné Pole, Czech Republic (OKC) seismic station to create 
a massive seismological database. Except for seismological data, various meteorological features and their mutual relations 
were analysed: temperature, the so called “shifted” temperature, air density, changes of atmospheric pressure, and synoptic 
situations. These analyses prove that maximum amplitudes of microseisms were observed during winter, while minimum 
amplitudes occured in summer months. The annual variations of microseisms amplitudes could not be explained by annual 
variations of storm activity above the North Atlantic. In addition, current analyses also aim at quantitative and quantitative 
evaluation of synoptic situations for triggering individual microseismic anomalies. Some of the meteorological features, 
namely the distribution of low pressures above northern Europe and high-pressure areas in Central Europe make it easy to 
explain most of the microseismic extremes. Here we pay special attention to the influence of large earthquakes, which usually 
induce slow deformation waves. We conclude that at least three mechanisms of microseism generation are possible: (1) the 
function of atmospheric pressure at sea level in the North Atlantic, (2) the effects of spreading of thermoelastic waves in the 
rock mass and (3) deformation waves induced by large earthquakes.
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1. INTRODUCTION

It is widely accepted that microseisms are ubiquitous 
seismic signals generated by ocean waves (Webb 2007), 
especially during the winter (Zátopek 1964, 1975). Basi-
cally, two groups of microseisms, primary and secondary 
microseisms, are considered. Both types of microseisms 
have different time spans, though the limits of the spans of 
a certain measure vary. According to Cessaro (1994), Bro-
mirski (2001) and Kurrle and Widmer-Schnidrig (2006), 
there exist primary microseisms with a predominant period 
within the span T ≈ 10 - 25 s and smaller amplitude (Koper 
et al. 2010). These microseisms are generated through the 
shoaling of ocean waves. However, there are also secondary 
microseisms with periods T ≈ 4 - 10 s, which have higher 

spectral amplitudes than primary microseisms. Figure 1 rep-
resents compressed data of these microseisms, which usually 
form more or less intensive “knobs”. The large amplitude is 
generally explained by the non-linear interactions of oppos-
ing ocean waves, as proposed by Longuet-Higgins (1950), 
and expanded by Tanimoto (2007a) and Webb (2007). The 
new theory anticipates that secondary microseisms are more 
likely to be generated in shallow water near the coast, as ob-
served by many authors (Haubrich and McCamy 1969; Bro-
mirski and Duennebier 2002; Rhie and Romanowicz 2006; 
Tanimoto 2007b; Gerstoft and Tanimoto 2007). 

Data from the OKC seismic station (Czech Republic) 
({  = 49.8375°N; λ = 18.1472°E) was used for the analysis 
of meteorological and secondary microseisms interactions. 
Maximum particle velocities (nm s-1) were measured daily 
at night, between 23:00 and 01:00 UTC, to be disturbed as 
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little as possible by anthropogenic noise, and were subse-
quently converted to displacement amplitudes (nm). Ob-
servations used in this paper cover the time interval from 
January 1, 2007 to December 31, 2011. On the other hand, 
data concerning temperature, air density, atmospheric pres-
sure, humidity and entalpy was obtained from the Chlumec 
nad Cidlinou (Czech Republic) meteorological station  
({  = 50.15422°N; λ = 15.84623°E), (Chlumec 2012) for 
the period from January 1, 2009 to December 31, 2011. The 
meteorological data was obtained from the Holešov sta-
tion ({  = 49.31°N; λ = 17.56°E) (Freemeteo 2007 - 2013, 
Weatheronline 1999 - 2013) for the period from January 1, 
2007 to December 31, 2011.

All stadard meteorological parameters were analysed in 
the same time span and with same time step (1 day) during 
a year 2012. The exception was only atmospheric pressure 
data, where we used planar interpretations of air pressure 
variations for the (geopotential) level of 500 hPa, were made 
by Wetterzentrale (1995 - 2013). Only three meteorological 
parameters (air pressure data, air density, temperature) are 
mentioned here, because the other as humidity and enthalpy 
seem to be linearly correlated with the other. We analysed the 
meteorological parameters especially from the meteorologi-
cal stations, which are not far from the OKC seismic station 
in comparison with the diameter of Europe and North Atlan-
tic Ocean. The air pressure variations were analysed from 
the whole area between the eastern coast of North America 
and Ural Mountains and between North Africa and the Spitz-
bergen Islands (based on Wetterzentrale 1995 - 2013).

The scientific goal of this study was to specify some 
likely new sources of secondary microseisms, which were 
revealed during the detailed analysis of our experimen-

tal measurements. According to our measurement of mi-
croseisms (Holub et al. 2008, 2009) and massif deforma-
tions (Kalenda and Neumann 2010; Kalenda et al. 2009), 
we deduced that there are at least three other mechanisms 
capable of microseism generation in addition to the widely 
accepted mechanism of generation by ocean waves. The 
first mechanism can be connected with atmospheric pres-
sure variations; the second is associated with thermoelastic 
waves in rock mass (Hvoždara and Brimich 1988; Brimich 
2006); and, third the relationship is associated with large 
earthquakes (Kalenda et al. 2011, 2013). All of the proposed 
mechanisms are coupled with stress/pressure variations dur-
ing the year and not with the water shoaling.

2. ANALYSIS OF THE INTERACTION BETWEEN 
METEOROLOGICAL CONDITIONS AND SEC-
ONDARY MICROSEISMS 

It is generally well known that microseisms are char-
acterized by regular annual drift, which is analogous to the 
drift of temperature as shown in Fig. 2. During the summer 
months, microseisms are low, while in the winter they usu-
ally reach maximum amplitudes. Several decades ago, this 
annual drift was assigned to the annual drift of windstorms in 
northern seas as reported, for example, by Darbyshire (1990). 
Let us analyse, therefore, relations between meteorological 
parameters, e.g., air pressure, temperature, density, humid-
ity, and displacement amplitudes of secondary microseisms, 
in order to specify the reason for and the way of triggering of 
anomalous increases in microseisms amplitudes.

Based on calculations of all combinations of meteo-
rological parameters versus amplitudes of microseisms, it 

Fig. 1. Sample of compressed data of the secondary microseisms (the vertical component). The width of the gray strip in the middle of “knob” 
represents the time interval of short-term data (in detail with reduced amplitude).
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was documented that the highest values of the correlation  
coefficient of R ~ 0.5 was found for temperature, air den-
sity and humidity versus that of microseisms (see Table 1). 
While the trend for temperature was negative, the correla-
tion trend was valid for air density and humidity was posi-
tive. This information can probably be explained by the fact 
that all parameters, i.e., temperature, air density and humid-
ity are mutually physically dependent each other, owing to 
expansibility of air. Therefore, their correlation coefficients 
correspond to value R = -0.97 resp. 0.92 (see Table 1). 

Table 1 also includes two special parameters, namely 
the “shifted” temperature and the value of displacement am-
plitudes of microseisms expressed in the logarithmic scale. 
The “shifted” temperature expresses the temperature, which 
was on the surface 5 - 6 months ago due to delay in the 
spreading of thermoelastic waves as explained by Hvoždara 
et al. (1988). Considering that microseism amplitudes de-
monstrably do not present any linear response to external 
effects as documented in Table 1 and Fig. 3, then the corre-
lation coefficient for the amplitudes of microseisms is lower 
than the correlation coefficient of amplitudes displayed in 
the logarithmic scale. Hereafter, under microseisms (or their 
residuals) only their expression in the logarithmic scale will 
be considered.

The annual drift of microseisms amplitudes, displayed 
on a logarithmic scale, can be approximated in at least two 
ways. First, it can be anticipated that it is a direct conse-
quence of the drift of temperature (see Fig. 2); second, there 
could be a delay between surface temperature and micro-
seisms for a couple of months. However, the first case is not 
physically well founded, because the penetration of heat into 
the depths is steady, and heat reaches a depth of approxi-
matly 10 m in three months (Mareš et al. 1990). This thermal 

wave causes the expansion of rocks beneath the weathered 
and loosened zone. Physically, it is reasonable to consider 
the phase delay of surface temperatures, taking into account 
the temperatures inside the unweathered rocks. Therefore, 
temperatures shifted back roughly 5 - 6 months, can be cor-
related with microseisms expressed in logarithmic scale. 

It was generally stated that all physically well-founded 
correlations of meteorological parameters, i.e., shifted tem-
perature, air density and relative humidity with microseisms 
have a lower correlation coefficient, than both of the primi-
tive functions (saw-shaped function and cosine) with basic 
annual drift. We stated, after various attempts, that micro-
seisms have an annual drift, which is explained mainly by 
annual variations of meteorological conditions, especially 
wind speed over the sea (Bromirski et al. 2005), sea wave 
height (in 2nd power are proportional with microseism am-
plitude) (Essen et al. 2003; Stehly et al. 2006), air pressure 
variations (Peters 2005), and coastal and sea ice conditions 
(Grob et al. 2011). However, this annual drift could be ex-
plained by other influences, which have an annual period, 
such as temperature variations, differences of air pressure or 
temperature between various parts of the continent, etc.

3. THE IMPACT OF METEOROLOGICAL ELE-
MENTS ON THE LEVEL OF SECONDARY MI-
CROSEISMS

When we solve the problem of the influence of me-
teorological parameters on microseism excitation, all differ-
ences between meteorological conditions in the winter and 
summer of 2007 and 2008 were analysed as the first step. The 
meteorological situations were subtracted from the synopti-
cal maps (Wetterzentrale 1995 - 2013). We show the daily 

Fig. 2. Annual drift of microseisms and temperature in 2007 - 2011, obsereved at the OKC seismic station and the Holešov meteorological  
observatory.
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positions of pressure highs and lows with corresponding  
values in the raster 4 × 4 squares in Fig. 4. The sample of 
100 common days with the highest and lowest amplitudes 
of microseisms during 2007 - 2008 were chosen for deter-
mining those months when the maxima of microseisms was 
observed (see Fig. 5). Both distributions have been strict-
ly divided into winter (highest microseisms) and summer 
seasons (minimal microseisms). For a preliminary test of 
seasonal differention (winter versus summer), the two years 
(2007 - 2008) of observations were applied. The amplitudes 
of microseisms in 2009 - 2011 show generally the same be-
havior as seen in Fig. 2. As characteristic meteorological 
conditions in winter and summer, the typical periods from 
November 15 to March 15, and from April 15 to August 30, 
were selected. Two datasets were extracted from the experi-
mental material, i.e., the meteorological conditions, which 

correspond to the 100 highest and 100 lowest amplitudes of 
microseisms, were analysed. Then the number of pressure 
highs/lows anomalies was summarized, according to their 
area, denoted as A1 through D4 (see Tables 2a and b).

When the differences between numbers of pressure 
highs and lows, i.e., values in Table 2a minus Table 2b, are 
calculated, these numbers indicate how the number of pres-
sure highs increased/decreased in winter versus summer for 
specific areas A1 - D4 (see Fig. 6). Figure 6 shows that the 
maximum pressure highs increase in the areas B3 and C3, and 
decrease in areas B2, C1 and C2 in winter, compared with 
summer. These annual variations of air pressure highs are 
commonly influenced by the seasonal temperature and wind 
speed variations above the sea (2 maxima in summer and in 
winter), and above continents (1 maximum in winter) (Arc-
towski 1914). The air-pressure field is much more pronounced 

R microseisms 
(nm)

air pressure 
(hPa)

air density 
(kg m-3)

temperature 
(°C)

shifted temperature* 
(°C)

log (microseisms) 
(nm)

microseisms x 0.12923 0.50863 -0.49315 0.44733 x

air pressure 0.12923 x 0.22472 0.02000 -0.15843 0.09747

air density 0.50863 0.22472 x -0.96938 0.66925 0.63679

temperature -0.49315 0.02000 -0.96938 x x -0.63600

shifted temperature* 0.44733 -0.15843 0.66925 x x 0.61944

log (microseisms) x 0.09747 0.63679 -0.63600 0.61944 x

specific humidity (%) 0.9181 0.62346

saw-shaped function 0.70767

cosine function 0.75333

Table 1. Correlation coefficients between individual meteorological parameters at the station Chlumec nad Cidlinou and 
microseisms.

Note: (*) Shifted temperature means that the temperature is shifted 6 months in advance owing to slow penetration of temperature 
into depths; such temperature variations are proportional to the annual thermoelastic waves, which are generated by them.

(a) (b)

Fig. 3. Dependences: (a) displacement amplitudes versus temperature and (b) log (displacement amplitudes) versus temperature at Chlumec nad 
Cidlinou (Central Bohemia).
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Fig. 4. The scheme of division of the map into 4 × 4 subareas A1 - D4; for example, high pressure areas A3 (1025 hPA), C1 (1025 hPa) and low 
B2 (995 hPa).

Fig. 5. The distribution of the maximal and minimal amplitudes of microseisms from 2007 - 2008. The first 100 days are used for the analysis (with 
maximal amplitude) and last 100 days (with minimal amplitude of microseisms).

Table 2. The differences of: (a) pressure high and (b) pressure low between winter (maximal microseisms) and summer (minimal microseisms); (c) 
pressure high and (d) pressure low between maximal and minimal microseisms in summer; (e) pressure high and (f) pressure low between maximal 
and minimal microseisms in winter. (a) Pressure height (winter-summer). (b) Low (winter-summer). (c) Pressure height (summer). (d) Low (summer). 
(e) Pressure height (winter). (f) Low (winter).

A B C D

0 4 -2 2

0 -2 -8 3

-2 17 31 8

0 0 1 3

A B C D

2 -1 30 -7

4 21 31 3

1 1 2 -1

0 0 0 0

A B C D

0 -2 5 11

2 -2 -4 13

11 5 0 -2

1 -1 1 0

(a) (b) (c)
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A B C D

-1 -3 7 -10

0 10 12 -1

0 7 5 -1

0 0 0 0

A B C D

0 3 2 -4

0 -1 4 -9

-3 14 2 -1

0 -3 -4 2

A B C D

0 2 17 0

-4 2 8 -5

0 -3 -4 0

0 0 0 0

(d) (e) (f)
Table 2. (Continued)

Fig. 6. The increase/decrease of number of air-pressure difference extremes are displayed for areas A1 through D4, in the period of maximal versus 
minimal values of microseism amplitudes. Colors of columns represent the latitude number (1 - 4).

in winter than in summer, owing to the higher-pressure  
gradient, and larger pressure formations. The maximal 
gradient occurs generally in northern Europe and southern 
Scandinavia. The other surrounding parts, i.e., Labrador 
area, middle Atlantic, Northern Africa and the Near East 
have much smaller seasonal variations, which did not prove 
such a pronounced annual drift of pressure formations.

In the second step of the solution, the process of data 
interpretation was oriented to the analysis of particular syn-
optic conditions in summer (see Tables 2c and d), which 
could trigger anomalous amplitudes of microseisms. To 
eliminate annual drift of amplitudes, which is generally in-
fluenced by the movement of pressure highs and lows, two 
datasets, mentioned before, were created. Using data for 
summer and winter intervals, we tried to determine the dif-
ferences of synoptic situations, occurring within the periods 
of maximal and/or minimal amplitudes of microseisms. It 
was documented that amplitudes observed in the summer 
season, though they do not reach amplitudes observed dur-
ing winter, were observed when larger numbers of pressure 
highs were found above the middle of the Atlantic, to the 

west of the United Kingdom and above Siberia. At the same 
time, the number of pressure lows over the northern Atlantic 
and Scandinavia, as well as partly above Western and Cen-
tral Europe, increased. Simultaneously, it was confirmed 
that a pressure boundary passes in an east-west direction. 
However, in the summer there is generally a shift of pres-
sure lows to the south. On the other hand, it was confirmed 
that microseisms are probably triggrered during winter by 
pressure highs over the Central Atlantic and Europe, and by 
pressure lows above Spitzbergen and Scandinavia. At the 
same time, the number of pressure lows slightly decreased 
over the Central Atlantic and Europe.

The third step of analysis focused on particular synoptic 
conditions in winter, when the increasing amplitude of micro-
seisms is likely triggered during the period of pressure highs 
occurring over Spitzbergen and Scandinavia (see Tables 2e 
and f). However, simultaneously, the number of pressure 
highs over the Central Atlantic and Europe decreased slightly. 
The general trend of the air pressure increasing in squares B3 
and C3 was confirmed again, while an air pressure decrease 
was observed in squares B2, C2, and mainly in C1.
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Furthermore, these current analyses were also directed 
at quantitative and qualitative synoptic conditions for trig-
gering individual microseismic anomalies. The processed 
dataset was the same as the set in the second step, but the 
evaluation of the “summer” and “winter” conditions for 
triggering microseisms, was carried out separately. More-
over, special attention was paid to squares B2, B3 and C1, 
C2 and C3. The construction of histograms was based upon 
the frequency of pressure highs and/or lows, for maximal 
or minimal amplitudes of microseisms. Then the conditions 
for studying the quantitative statistical data, with a bearing 
on the synoptic situations leading to triggering microseisms, 
were evaluated.

Figure 7 shows that, in the summer season, the general 
courses of both curves in squares B2 and C2 are very similar, 
regardless of the character of the microseisms level. Square 
B2 indicates, qualitavely as well as quantitavely, that a de-
crease of air pressure in this region causes a higher level of 
microseisms, whereas in square C2, the conditions for the 
generation of microseisms are almost the same. In contrast, 
in square B3, pressure highs predominate, but their frequen-
cies do not increase considerably. On the other hand, the 
number of pressure lows increases slightly. However, the av-
erage value in the centre of lows decreased by about 20 hPa 
within the time periods of higher microseisms. Under the 
same microseisms level the number of lows increased, but 
their pressure range remained pratically unchanged. As for 
“summer microseisms”, we can finally conclude that they 
are predominant, but their frequencies did not increase con-
siderably. On the other hand, the number of pressure lows 
increased slightly. However, the average value in the centre 
of lows decreased by about 20 hPa within the time periods 
of higher microseisms. Under the same level of microseisms 
the number of lows increased, but their pressure range re-
mained pratically unchanged. As for “summer microseisms”, 
we can finally conclude that they are excited owing to a fall 
in barometric pressure in squares B2 and C2, rather than to 
an increase in air pressure in squares B3 and C3.

Similar analysis was performed for the “winter season”, 
using an identical approach. Figure 8 shows that in square 
B2 the number of pressure highs increased negligibly from 
the statistical viewpoint. However, their level is practically 
the same within the interval of a higher and/or lower level 
of microseisms. Opposite to that, within the interval of in-
tensified microseisms, the number of lows in square C2 in-
creased significantly, but the average value in the middle of 
their distribution fell. As for “winter microseisms”, it can be 
concluded that they are excited, owing to a fall in baromet-
ric pressure in squares B2 and C2, rather than the increase 
of air pressure in squares B3 and C3. The movement of the 
pressure boundary between pressure highs (in the south) and 
lows (in the north) is influenced, first of all, by the annual 
drift of pressure formations. In the winter, these formations 
shift more to the north, and their pressure difference rises.

In the fourth step, we analysed how invividual synop-
tic situations are reflected in anomalous (maximal/minimal) 
microseisms observed over 2007 - 2008. For all microseis-
mic data (daily sampling), a vector of synoptic situations 
was added on in squares A1 through D4, while the score 
was calculated. The score represents the number of situa-
tions, which probably led to the excitation of microseisms. 
These conditions were as follows:
(1) Low pressure is above B2 and C2.
(2) High pressure is above B3 and C3.
(3) Above B2 and C2 there is no pressure high.
(4)  Somewhere above squares B2, C2, C1 a pronounced low 

< 975 hPa exists.
(5)  Somewhere above squares B3, C3 a pressure high  

> 1035 hPa exists.
(6)  In winter, above B2 the low is deeper than 970 hPa, and 

C2, deeper than 980 hPa.
(7)  In winter: the pressure highs above B3 and C3 exceed 

the limit of 1030 hPa.
(8)  In summer: the lows above B2 and C2 is deeper than 

990 hPa.
The approach applied here is based on the calculation 

of residual microseisms such that the normal level of micro-
seisms was approximated by a goniometric function with a 
maximum on January 1 and a minimum on July 2. The result-
ing value was substracted from observed microseisms. The 
obtained residuals are distributed normally. Simultaneously, 
they show how many times the observed values were higher/
less than they should be during standard meteorological ex-
pectations and/or other conditions. The graphical form of 
investigated dependence of microseisms residual amplitude 
on synopsis score in Fig. 9 shows that though the influence 
of meteorological conditions for triggering a microseism is 
obvious. The low correlation coefficient (0.186 ± 0.035) in-
dicates that the coupling is not too strong. If only the “winter 
microseisms” are displayed, then the coupling is almost the 
same, and the synopsis score is a little higher (0.5 pts) than 
for both seasons. The question is, whether the amplified mi-
croseisms (residuals > 0.1), with a score less than average 
value for the regression straight-line (see Fig. 9), are not trig-
gered by other sources, e.g., earthquakes (see Fig. 10).

A histogram of frequency occurrence times of poten-
tial anomalous microseisms after earthquakes (see Fig. 10)  
was constructed, and compared, subsequently, with an 
analogously constructed histogram of all microseisms with 
a low score (below the regression straight line). Data inter-
pretation of this situation proved that the set of intensive 
microseisms probably triggered by earthquakes exceeds the 
dataset comprised of all times, within the interval between 
4 and 7 days after strong earthquakes (see Fig. 11). Con-
sidering that the slope of corresponding regression straight 
line is steeper (see Fig. 12), the influence of meteorological 
conditions to microseisms excitation is higher than for the 
whole dataset. This fact gives evidence of the non-linearity 
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Fig. 9. Dependence of residual microseism amplitude versus synopsis score. Symbols in blue represent all data observed. Symbols in violet denote 
data observed during winter only.

Fig. 10. Dependence of residual microseism amplitude versus synopsis score. Symbols in blue characterize all data observed. Symbols in violet 
represent microseisms possible influenced by earthquakes of M7+ occurring up to16 days before.

Fig. 11. Distribution of microseisms after earthquakes M7+. The bars correspond to a high level of microseism amplitudes with small scores; the 
curve corresponds to all microseisms with small scores.
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of meteorological conditions’ influence on triggering mi-
croseismic anomalies.

Similarly, if we were engaged in the study of a group 
of anomalously intensive residual amplitudes of micro-
seisms > 0.4 with a high score value, then we would proba-
bly find an almost similar distribution of time series of their 
occurrence after strong earthquakes. Part of these intensive 
microseisms was excited under suitable meteorological 
conditions by strong earthquakes. For example, the micro-
seisms on February 23, 2008 (microseisms = 0.7, score = 6),  
3.66 days after earthquake Mw = 7.4 can be shown.

On the other hand, there were some cases, when fa-
vorable meteorological conditions and/or earthquakes did 
not excite microseisms. For instance, the microseisms on 
January 2, 2007 (microseisms = 0.18, score = 10), 7.48 days 
after earthquake Mw = 7.1 are evident. Then it could be pres-
sumed that meteorological conditions and earthquakes are 
only triggering mechanisms. Moreover, there exists one 
more source, which (together with meteotrological condi-
tions) creates the basic frame of possible microseism excita-
tion. This mechanism could be stress variations, which has 
the annual period and which is generated by thermoelastic 
wave (Kalenda et al. 2012).

4. THE INFLUENCE OF LARGE EARTHQUAKES 

The meteorological features, namely the distribution 
of low pressure above northern Europe and high pressure 
above Central Europe, enable us to explain most microseis-
mic extremes. There remain only some peaks of microseisms 
without direct connection to these meteorological features. 
It is not possible to compensate extreme microseisms by 
meteorological parameters. These extreme microseisms 
were observed mostly from 4 to 14 days after the world’s 
strongest earthquakes. This is documeted, for example, by 
the earthquakes in Chile (M = 8.8), Mentawai (M = 7.7), 

and/or Tohoku (M = 9) (see Fig. 13 and Table 3).
As shown in a previous paper by Kalenda et al. (2011), 

the deformation waves propagate from the focal region of 
earthquakes with very low velocities (approx. 100 km h-1), 
along tectonic discontinuities or boundaries (Golovachev et 
al. 2011). After the M > 8 earthquakes, deformation waves, 
travelling several times around the globe, were detected. The 
best example is the Chilean earthquake in 2010, when this 
deformation wave was detectable at observatories by means 
of vertical static pendulums and seismometers, three times 
during two months. The arrival delay of the deformation 
wave from the region of Indonesia was about 4 - 10 days,  
and from South America approximately 10 - 25 days. Most 
of these waves travel along the discontinuities, in the di-
rection from east to west, probably due to the western drift 
of the lithosphere (Crespi et al. 2007). In contrast, the pre-
vailing propagation of these waves after the Tohoku earth-
quake, in 2011, was observed across the North Pole through 
the northern and southern Atlantic, thence around the South 
Pole to the Pacific. These waves generated microseisms, es-
pecially at observatories in Greenland, Spitzbergen and the 
Pacific (Kalenda et al. 2011). Based on detailed analysis of 
seismological data, it was proven that the spectra of second-
ary microseisms excited by deformation waves are different 
from the spectra of microseisms influenced by meterologi-
cal features, as represented in Fig. 14. 

5. CONCLUSION

Other than the widely accepted mechanism of genera-
tion of secondary microseisms by ocean waves, we propose 
three other possible mechanisms that excite microseisms ac-
tivities: (1) atmospheric pressure variations, (2) generation 
of the thermoelastic waves in rock mass and (3) deforma-
tion waves generated by large earthquakes. The main influ-
ence has the second type of mechanism, generation of the  

Fig. 12. Dependence of residual microseisms on synopsis scores. Symbols in violet represent microseisms possible influenced by earthquakes of 
M7+ occurring 4 - 7 days before.
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thermoelastic waves in the rock mass. This mechanism gen-
erates the annual variations of the stress field, which is in 
the background (frame) for the annual drift of microseisms 
independent on the storms in the North Atlantic Ocean. The 
other mechanisms, (1) and (3), are complementary mecha-
nisms to (2). The largest microseism is observed at the time 
when both (1) and (3) are working together in winter. We 
can see air pressure variations (storms above the North At-
lantic) observed within the time interval of our interest can 
explain 80% of the anomalous secondary microseisms. The 
large earthquakes can explain 29% and both mechanisms 
together can explain 17%, which means that only 8% of 
anomalously excited secondary microseisms can be gener-
ated by another mechanism (see Table. 2).

Generally, it can be concluded that stress state in a rock 
mass and particular synoptic conditions is a pressumption 
for microseism excitation. As follows from the result of the 
complex statistical analysis, no any suitable synoptic situ-
ation excites microseisms and vice versa; in effect, if this 
synoptic situation does not occur, then higher amplitudes of 
microseisms will not be observed. In particular, the annual 
drift of microseisms is a symptom which shows that a syn-
optic situation as such is not a sufficient assumption for the 
excitation of microseisms. There are a meaningful number 
of situations where reasonable synoptic situations for exci-
tation of microseisms were introduced, and vice versa.

By analyzing microseism records we found that mi-
croseisms have an annual drift similar with temperature, 
air density and humidity. It is generally known that the re-
sponse of microseisms to external influences is non-linear. 
Therefore, in the wintertime, when the stress in rocks is 
approaching the strength limit of less compact parts of the 
rock mass, the responses of massif on external forces (i.e., 
air pressure variations, temperature fluctuations or maxi-
mum of microseisms occur when there are extensive baro-
metric lows above northern areas thermoelastic deformation 
waves) generate large microseisms anomalies.

Microseisms at the OKC seismic station are very sensi-
tive to synoptic situations. The maximum of microseisms oc-
cur when there are extensive barometric lows above northern 
areas, including the North Atlantic area, Iceland, Greenland 
or Scandinavia, and, when simultaneously, Central Europe is 
under the influence of an anticyclone (high-pressure area).
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