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ABSTRACT 

Gordeev, E.I., 1990, Generation of microseisms in the coastal area. Phys. Earth Planet. Inter., 63: 201-208. 

This paper considers the regularities and properties of microseisms and swell in the coastal area of East Kamchatka. Based 
on extensive experimental data, dependences were obtained of the value of coastal swell and the amplitude of microseisms on 
the period. A relationship was revealed between the vertical and horizontal components of microseisms. The dependence of 
the amplitude of microseisms on the value of swell is non-linear for both the horizontal and vertical components. For the 
horizontal component, the non-linearity is much more significant. 

The mechanism of the generation of horizontal components by bottom friction is considered. Analysis of the hydrodynamic 
conditions of swell in the coastal area shows the possibility of the generation of vertical and horizontal components by, 
respectively, bottom pressure and bottom friction. Estimations were made of the dimensions of the microseismic generation 
areas in the coastal zone. 

1. Introduction 2. Results 

 

The problem related to the mechanism which 
generates the microseisms has no definite solution. 
This is probably related to both the complexity of 
the process of energy transfer from the water layer 
to the solid medium and the possibility of the 
existence of several physical transfer mechanisms. 
Theoretical estimates show the possibility of the 
existence of several mechanisms (Hasselmann, 
1963) but these estimates are made for the ideal 
cases. The real conditions may complicate one 
mechanism, simplifying at the same time the situa-
tion when excluding other mechanisms. 

The present paper considers the regularities 
and properties of microseisms in the 3-8 s range 
in Kamchatka. Simultaneously, analysis of similar 
regularities is made for swell in the coastal zone; 
the regularities revealed are compared to de-
termine the most likely mechanisms which gener-
ate microseisms. 

Observational data on microseisms and swell in 
the coastal zone of the main gulfs of the 
Kamchatka east coast (Avachinsky, Kronotsky and 
Kamchatsky) were obtained for both different 
cyclonic and calm meteorological situations. The 
full range of variations in microseism amplitudes 
was 40 db. A detailed description of the instru-
mentation and observation methods has been given 
earlier (Gordeev, 1979; Gordeev and Chebrov, 
1979). 

One of the main properties of swell and micro-
seisms is the dependence of signal on period. 
Figure 1 illustrates the yearly variation in ampli-
tudes and predominant periods of microseisms 
obtained from observations at one seismic station. 
The curves were obtained by averaging the data 
for each month. We see that the increase in micro-
seism amplitude brings about the increase in 
period. This is apparently related to the hydrody- 
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Fig. 1. Seasonal variations in the parameters of microseisms in Kamchatka from observations at the Petropavlovsk seismic station, (a) Variations in microseismic  
amplitudes by diurnal averagings and the average monthly variations with r.m.s deviation: (b) variations in microseismic periods. The regime of averaging is the same as  
for amplitudes. Curve 1 indicates the average swell periods near Kamchatka with 50% guarantee (Anon., 1968). Curve 2 indicates the average monthly variations in  
microseismic periods.  
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Fig. 2. The dependence of the mean height of waves in the 
coastal zone on the average period. (1) Obtained by the method 
of least squares using experimental points; (2) analytical from 
Krylov (1956). 

Fig. 3. Experimental dependence of the amplitude of the 
vertical component of microseisms on the period. 

 
interest to compare the absolute values of their 
periods as well as the character of their variations 
during a year. The generalized graph of variations 
in swell periods with 50% guarantee for the region 
of the Pacific Ocean near Kamchatka (Anon., 
1968) is indicated by the broken line in Fig. l(b). 
The course of the curve of variations in swell 
periods practically coincides with the averaged 
course of microseismic periods. The absolute level 
differs, on average, by 0.7 s, which is fairly natural 
because the averaging of the microseismic periods 
in our case is not the same as the 50% guarantee, 
although these values should be close to the real 
values. 

2.1. Properties of swell and microseisms 

 
As stated above, there is an analytical relation-

ship between the mean height and the average 
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Fig. 4. The relation between the vertical and horizontal components of microseisms. 
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Fig. 5. The theoretical curves of variations in (1) the bottom 
pressure, (2) the bottom friction and (3) the ratio of the bottom 
pressure to the bottom friction versus the depth of water layer. 

of period that responds simply to the experimental 
dependence obtained. Thus, we may consider that 
the generation of the vertical component of storm 
microseisms occurs largely by variations of bot-
tom pressure due to progressive wave travel. Be-
cause the amplitude of pressure variation is in-
versely proportional to the hyperbolic cosine of 
the depth to wavelength ratio, then for a constant 
wavelength the value of the pressure variation 
decreases rapidly with depth and the microseismic 
generation zone is confined to the coastal strip to 
depths of the order of wavelength (Fig. 5). The 
bottom pressure acts on the bottom by the normal 
component and it is therefore practically impossi-
ble to account for the generation of the horizontal 
component by bottom pressure. It could probably 
be assumed that the origin of the horizontal com-
ponent was due to the transformation of the verti-
cal component because of the effects of hetero-
geneities of the medium on the method of propa- 
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The value of the frictional stress is inversely pro-
portional to the hyperbolic sine of the ratio of 
depth to wavelength. Figure 5 shows the depen-
dence of the amplitude of frictional stresses on the 
H/ value. Here we take the value of turbulent 
viscosity of ocean water in the case of turbulent 
mixing. As shown by Shuleikin (1968), the turbu-
lent viscosity, providing the mixing is active, may 
increase by 6-7 orders of magnitude compared 
with the molecular viscosity. Suspended solid par-
ticles, considerable roughness and, in many cases, 
vegetation are always present in the real bottom 
conditions as distinct from the ideal liquid-solid 
body contact. The curve (Fig. 5) showing the 
change in frictional stress amplitude was drawn 
for a turbulent viscosity differing by 8 orders of 
magnitude from the molecular viscosity, which is 
quite real for the conditions in the coastal shallow 
zone. In this version the bottom friction and the 
bottom pressure values are of the same order. 

Variations in bottom friction have another 
power of increase with decreasing value of depth-
to-wavelength ratio in comparison with the bot-
tom pressure. The change in ratio of bottom pres-
sure to bottom friction is shown in Fig. 5. Begin-
ning from H/ = 1/2, decreasing this ratio re-
sults in a much more rapid increase in bottom 
friction until at H/ = 1/8 it exceeds the bottom 
pressure twofold subject to the bottom friction 
and the bottom pressure being equal at depths of 
the order of one wavelength. 

Thus the generation of microseisms by bottom 
friction may occur in a coastal strip coinciding 
with the zone of microseism generation by bottom 
pressure. The width of this strip varies depending 
on the length of progressive ocean waves in the 
coastal area and, as follows from the bottom pres-
sure versus bottom friction ratio (see Fig. 5), the 
increase in pressure and friction occurs non-uni-
formly with increasing wavelength. This, in par-
ticular, may explain the increase in the ratio of the 
horizontal components of microseism versus the 
vertical components with increasing microseismic 
intensity. 

Using the general regularities and estimates of 
absolute values we may consider the generation of 
seismic signals by bottom friction to be the real 
phenomenon. Despite the complexity of the real 

conditions, some experimental regularities are ex-
plained well in terms of the theory. The generation 
of shear components of microseisms by bottom 
friction remove many arguable points related to 
the conversion of Rayleigh waves to Love waves 
on the methods of propagation. 

The predominant effects caused by the coastal 
zone on the generation of microseisms in the 3-8 s 
period range may exist in conditions similar to 
those which are characteristic of large gulfs of the 
eastern coast of Kamchatka, when almost the en-
tire energy of progressive waves is sapped in the 
shallow zone. In reality, as shown by Bretschneider 
(1970b), when the wedging angles of the water 
layer are less than 15°, reflection is practically 
absent. For large gulfs of East Kamchatka the 
maximum wedging angles do not exceed 2 °, there-
fore the entire energy of progressive ocean waves 
is sapped in the coastal zone. 

4. Conclusions 

The problem related to the generation of micro-
seisms is of practical significance in assessing the 
potential sources of seismic noise in terms of the 
bottom profile in the coastal zone and in terms of 
the ocean swell regime. The mechanisms for the 
generation of microseisms presented in this paper 
should be considered in terms of their reality on 
the basis of estimates of absolute values and regu-
larities. Knowledge of the conditions in the real 
bottom layer and a complete set of observations of 
hydrological parameters are needed to clarify the 
characteristics of these mechanisms. 
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