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Studies on the tidal effect on seismicity began with
the work of Perrey [1], who called attention to the rela-
tionship between earthquake frequency and lunar
phases. Investigations of this sort were activated in the
1930s, when more reliable seismic data appeared for
some regions. However, subsequent studies and addi-
tional more accurate data failed to clarify the problem.
Some authors believed the relationship between tides
and earthquakes to be statistically significant [2–4],
whereas others [5, 6] arrived at contrary inferences.
With such uncertainty surrounding the results, either
supplementary data or new approaches and ideas have
become essential.

We have attempted to analyze the relationship
between tide and seismicity with due regard for the
development of creep in the Earth’s crust, which
depends on the strain duration and, hence, on the har-
monic period. We studied the distribution of earthquake
moments by tidal phases in 130 000 events for the years
1970–2003 [7]. To obtain statistically significant
results, we used catalogs of earthquakes in the nine
most active seismic regions of the Earth (Fig. 1).

The analysis of the total impact of a full set of tidal
harmonics inevitably provokes some degree of uncer-
tainty in the interpretation of results, since the very
notion of “phases” lacks a rigorous definition in this
case. Therefore, we restricted ourselves to separate
consideration of the eleven strongest harmonics in dif-
ferent tidal ranges. The studies were focused on a com-
parative analysis of the influence of long- and short-
period tidal harmonics. We proceeded from the
assumption that, even though long-term harmonics are
weaker by an order of magnitude, their impact on the
Earth’s crust is prolonged.

We believe that, unlike the elastic model of the
Earth’s crust, the tidal impact depends both on the
intensity of the harmonic in question and the duration

of its impact. Such an approach is based on the concept
of a creep mechanism, which develops under the long-
term impact of forces on the Earth’s crust and, in partic-
ular, at the last stage of earthquake preparation [10–12].

We calculated phases of selected harmonics for the
epicenter and time moment of each earthquake [7]. The
vertical displacement of a tide was calculated based on
the ETERNA, Version 3.30 software [8]. The number
of earthquakes was compared to the phase of a tidal
gravity change, which coincides with the phase of ver-
tical deformation of upper layers of the crust. The effect
could show up at another phase for the other component
of the tidal influence; i.e., the observed frequencies
would shift to other phases, but they would not change.
Therefore, the results do not depend on the tidal com-
ponent, and the basic inference of this work—long-
period tidal waves have a stronger influence on seismic-
ity—does not depend on a specific tidal component.

The statistical reliability of the values was assessed
by the Pearson criterion 

 

χ

 

2

 

. The null hypothesis envis-
ages that a seismic event does not depend on the phase
of the given harmonic; i.e., an earthquake might fall on
any phase with equal probability. In this case, one
might expect an equal distribution of the number of
earthquakes in phases. The period of each harmonic
was subdivided into eight equal classes (intervals) with

a length of  (concurrent calculation with a subdi-

vision of the period into 16 classes with a length of

 yielded similar statistical inferences). It should be

noted that the adopted scheme of investigations under-
estimates the effect of each selected wave, because the
phase effect of the other waves over 24 years is evenly
spread throughout the phases of the analyzed wave.

The results obtained (table) indicate that the phase
effect would differ greatly for different harmonics.
Contrary to our expectations, the null hypothesis is
rarely discarded for short-period harmonics, although
their amplitude is greater. Thus, these harmonics have
rather weak effects, if any, on seismicity. Moreover, the
validity of the null hypothesis decreases with the har-

2πT
8

----------

2πT
16

----------

 

Tidal Wave Period and Seismicity

 

V. A. Morgounov, E. A. Boyarsky, and M. V. Stepanov

 

Presented by Academician V.N. Strakhov July 19, 2005

Received July 22, 2005

 

DOI: 

 

10.1134/S1028334X06010272

 

Schmidt Institute of Physics of the Earth, 
Russian Academy of Sciences, Bol’shaya Gruzinskaya 10, 
123995 Russia; e-mail: vam@ifz.ru

 

GEOPHYSICS



 

DOKLADY EARTH SCIENCES

 

    

 

Vol. 406

 

   

 

No. 1

 

   

 

2006

 

TIDAL WAVE PERIOD AND SEISMICITY 113

 

–
18

0°
–

15
0°

–
12

0°
–

90
°

–
60

°
–

30
°

0
30

°
60

°
90

°
12

0°
15

0°
18

0°

80
°

60
°

40
°

20
° 0

–
20

°

–
40

°

–
60

°

–
80

°

 

7
9

8

2
3

1

5
4

6

 

Se
is

m
ic

 r
eg

io
ns

 s
el

ec
te

d 
fo

r 
th

e 
an

al
ys

is

 

F
ig

. 1
. 

 

Se
is

m
ic

 re
gi

on
s 

se
le

ct
ed

 fo
r t

he
 a

na
ly

si
s:

 (

 

1

 

) P
am

ir
–H

in
du

 K
us

h;
 (

 

2

 

) A
la

sk
a,

 A
le

ut
ia

n 
Is

la
nd

s;
 (

 

3

 

) G
re

ec
e;

 (

 

4

 

) J
ap

an
; (

 

5

 

) T
ai

w
an

; (

 

6

 

) I
nd

on
es

ia
; (

 

7

 

) O
ce

an
ia

; (

 

8

 

) S
an

 A
nd

re
as

;
(

 

9

 

) 
C

hi
le

.



 

114

 

DOKLADY EARTH SCIENCES

 

    

 

Vol. 406

 

   

 

No. 1

 

   

 

2006

 

MORGOUNOV

 

 

 

et al.

 

monic period. The null hypothesis for MSF and MF
waves should in fact be discarded in most of the
regions; for MM and SSA waves, it should be rejected
nearly everywhere, although they are two orders of
magnitude weaker than M2 wave. This fact emphasized
the key role of inelastic strains developed in rocks
under prolonged impacts.

Oceania is the only exception for M2 wave, proba-
bly because of a different type of crust, distinctions in
rock properties, and a supplemental effect of oceanic
tide.

The period of MSF wave is equal to the interval
between syzygies, when the tidal power of the Moon
and Sun are combined due to harmonic beating. How-
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Fig. 2.

 

 Pearson criterion 
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 for harmonics of tidal variations. The high 
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 value for S2 wave, the period of which is equal to 12 h,
might be caused by a nonlinear diurnal effect.

 

Probability (%) of the null hypothesis, according to which the number of earthquakes does not depend on the tidal harmonic

Region
Num-
ber of 
events

Tidal harmonics and their periods

Long-period, day Diurnal, h Semidiurnal, h
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Pamir–Hindu Kush 5382 10

 

–4

 

0.17 6.5 28.4 53.3 31.5 29.1 60.2 14.9 39.7 39.3

Alaska + Aleutian 
Islands

7509 10

 

–13

 

0.09 6.0 0.12 21.7 28.3 36.8 4.72 17.5 1.4 22.0

Greece 12072 10

 

–5

 

0.04 23.7 61.8 16.8 0.38 38.7 11.1 16.0 71.1 91.4

Japan 7420 10

 

–29

 

6.2 0.02 10
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13.6 29.1 0.70 68.6 47.3 77.7 47.4 89.6

Indonesia 16236 0.01 0.08 14.2 0.04 33.2 0.73 86.8 47.5 3.8 26.6 56.0

Oceania 16765 10
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11.3 3.3 83.0 88.2 50.4 14.9 84.2
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ever, the results for MSF and MF waves with nearly
equal periods indicate that their impact is comparable
(similar). Thus, not even a three-fold increase in the
tidal power during a syzygy yields the expected effect.
At the same time, the results for SSA wave convinc-
ingly support the role of the harmonic period.

MSF and MF waves mediate between O1–K2 short-
period waves, which have a weak influence on seismic-
ity, and between MM and SSA waves, which have a
strong influence. This fact is likely to be responsible for
the instability in our results (table) for different regions
and for the above-mentioned conflicting inferences of
different researchers concerning the tidal impact on
seismicity as applied to regions with different geologi-
cal structures and tectonic patterns and, hence, different
degrees of sensitivity to tidal forces.

Based on the study of nine regions, the general trend
can be formulated as follows: the trigger effect of tidal
waves on an earthquake has a positive correlation with
the wave period (Fig. 2). The high 

 

χ

 

2

 

 value for S2 wave
(the period is equal to 12 h) is likely to be a superposi-
tion of the tidal effect and diurnal–semidiurnal varia-
tions of other geophysical parameters. However, the
discrimination of these factors represents a separate
problem. Therefore, we did not analyze SA wave with
a 1-yr period, because it was impossible to discriminate
tidal and seasonal factors for this wave.

Investigations of the trigger effect of tides in relation
to the epicenter depth and the earthquake magnitude are
described in [9].
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