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ASTPONOMIA.—Possible periodicities of the annually released plan-
etary seismic energy (M >7.8) during the period 1898-1977,
by John Xanthakis*.

ABSTRACT

In the present paper a global study of the annually released planetary
seismic energy Es (M > 7.8) is made. Corresponding M magnitudes were taken
from the catalogues published by Duda (1965) and by Bath and Duda (1965). Perio-
dicities of 180, 25, 12.5 and 4-years were used to express analytically the annual
values of the released planetary seismic energy Es, during the period 1898-1977.

1. INTRODUCTION

In a recent paper Kalinin et al (1978) studied the values of E for
the period 1820-1960 with the aim to detect a correlation between the
variable quantity E and the solar activity expressed by the Ziirich
relative sunspot numbers R,.

Kalinin et al (1978) used annual amounts of released seismic energy
E as the characteristic of planetary activity because as it is well known
the greater part of annual seismic energy is released when earthquakes
of great magnitude occur (M= T7.9 corresponds to E = 5 Xx10'® Joule).
Figure 1 shows the changes of planetary seismic energy for the time
interval 1800 to 1971. From this figure we can see that the year-to-year
changes of the parameter E are not regular and probably random, but

there are also long-time variations.

* I. EANOAKH, IIiBaval meplodindtnteg tijg éxAvopévng étnociag celopiniic évep-
yelag tijg I'ijg (M >7.8) natd thv Xpovixhv meplodov 1898 - 1977.
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Fig. 1. Changes of annual values of released seismic
energy in 10'® J for 1800 - 1974 (after Kalinin et al.).
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Fig. 2. Power spectra of relative sunspot numbers (R.) and of released
seismic energy (lower curve). The scale of peak of the long-term varia-
tion of E is placed to the right in figure (after Kalinin et al.).
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Figure 2 shows the spectrum analysis of the seismic energy calcu-
lated by Kalinin, using the maximum entropy method (Smylie et al. 1973).
From this figure it appears that the parameter E presents 3 periodicities
with periods of about 11 years, 25 years, and 180 years.

Finally, Kalinin et al concluded that there was some evidence for
solar dependence of the seismic activity variations with 11 and 25-year
periodicities. The correlation coefficient was found equal to 0.59. This

is clearly shown in figure 3.
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Fig. 8. The 11-year variations of E (upper curve) and R, (lower curve)
(after Kalinin et al.).

From figure 3 it follows that the correlation between the Relative
Sunspot numbers and the Released Planetary Seismic Energy E (hereafter
referred to as E;) is for some periods positive and for other periods
negative (figure 4). This is probably the cause of the unstable correlation
between R, and Es observed by Kalinin et al.

2. SCHORT -TERM AND LONG-TERM VARIATIONS OF E;s

In view of these results we decided to analyze all the available
data with the aim to express analytically the annual values of the
released planetary seismic energy Es.
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Fig. 4. Positive and negative correlation between the relative sunspot
numbers and the released seismic energy Es.

Thus, the values of the quantity Es (M >7.8) were computed
according to the formula log Es=11.841.5 M (Richter, 1958) from the
values of M given by Duda (1965) and Bath and Duda (1965) and for the
period 1898 -1977.

In the present we will use the periodicities found by Kalinin et al
but we will restrict ourselves to the study of the values Es given in
Table 1 (column 4) for the period 1898-1977. These values have been
determined with the help of instrumental records exclusively as opposed
to part of the values used by Kalinin et al and, therefore, are more reliable.

Table 1 (column 1) gives the 1l-years sliding means of the values
E., which will be denoted by Es (11). These values which can be con-
sidered as giving the mean variation of the annually released planetary
seismic energy during the period 1900- 1971 can be represented by the

following relation:

Es(11) = 50 + 33 cos —— (' — 1885) 4- L (1)

180

where L. represents the sum of periodic terms with periods equal to 25

and 12.5 years:

L¢ ——4Osm2—t 2Osm——t—|—205m 2 t+1051n s ——t+ 10sin —— e —t (2)

25 12.56 12.5
t: 1882-1908 1887-1902 1902 - 1927 1909 -1922 1944 - 1963
1922 - 1947 1958 - 1963
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The long-period term given by relation (1) assumes its maximum
and minimum values during the years 1885 and 1975 respectively. As
regards the periodic terms L. with periods equal to 25 and 12.5 years,
these appear sporadically during the different time intervals indicated
below relation (2) and their amplitude was found to be 40, 20 and 10
units respectively.

Figure Ha gives the periodic terms given by relations (1) and (2).
In figure Hb the small circles represent the values of Es (11) given in
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Fig. 5. Figure ba gives the periodic terms given by relations (1) and (2).

In figure 5b the small circles represent the values of Es (11) given in

Table 1 (column 1) while the continuous line gives the values of Es (11)
computed with the help of relations (1) and (2).

Table 1 (column 1) while the continuous line gives the values of the
same quantity computed by relations (1) and (2), which are also given in
Table 1 (column 2). From this figure we see that relations (1) and (2)
represent satisfactorily the values of E,(11) for the period 1900 - 1975.
The corresponding value of the standard deviation is

+obs acom 2
6= V[ES (”I)\I _I;'S (1] = 4-6.5x10®erg ot 12%.

The spectral analysis of the quantity E.— Es(11) reveals that this
quantity shows only one periodicity with a period equal to 4 years and
a confidence level above 99% . The amplitude and the time interval of
appearance of this periodicity have been graphically determined, and
are represented in figure 6. In this figure the small circles represent
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the values of the difference E<— Es(11) while the continuous lines give
the periodic term with period equal to 4 years and amplitude varying
between 10 and 120 units. These periodic terms can be represented by

the formala:

wW=SC, sin%}t. (3)
i |
Ca t (e £
1
10 1930-1934, 1938-1942, | + 40‘ 1909 - 1913, 1939 - 1945,
1958 - 1064, 1960 - 1964 19401944
\
410 1896-1900, 1921-1927, | + 50 | 1907-1911, 1934 - 1940,
1993 - 1927, 1943 - 1947, 19511957, 19531959,
1945 - 1949 1963 - 1969
|
£15  1908-1912, 1910-1916 | — 50 = 1948-1954
+20 1970-1974 — 60 1900- 1904
| |
90 1952-1956, 1954-1958 | + 70 | 1895-1899, 1937-1941
30 1904-1908, 1911-1919, | — 70 = 1908 -1912, 1914-1918
1917 - 1923 1922 - 1930, e I
(824 - 1998, 1048-1060 - 50 | 1909-130
+ 90 | 1932-1936, 1941 -1951
130 19421946, 1965 -1971,
"y i — 90 1945 - 1949
a ‘ "
—ai' | iboergns, 196L BT T | 1902- 1865
1920 - 1924, 1963-1967 | +120 | 1905-1909
|

The values of the periodic term W are given in Table 1 (column 3).
From the above discussion we see that the values E; can be

represented analytically by the relation:

2n
180

Es = 50+ 33 cos (T —1885)+ L+ W. (4)
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Where L; and W are given by relations (2) and (3).

Table 1 (columns 4 and 5) gives the observed values of Es (Duda,
1965, and Bath and Duda, 1965) as well as the values of this quantity
computed according to equation (4). From this table we see that equa-
tion (4) represents the observational data very satisfactorily.

The corresponding standard deviation is equal to 6=-+3.3%x10%erg.

The agreement between the observed and the computed values of
Es can be clearly seen in Figure Tb, where the continuous line gives the
observed values of E; given in Table 1 (column 4), while the dashed
line gives the values of Es computed from relation (4) which are also
given in Table 1 (column ).
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of Es computed by relation 4 (Table 1, col. b).

Fig. 7. a. The values of the differences E°bS—E§°m(11).
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TABLE 1.
Values of Es (11), W and Es.
E, (1) W E,
Date 1 9 3 - 4 5 T
obs comp | obs ’ comp

1898 118 3 — 170 52 48
99 127 — 10 120 117
1900 126 — 40 87 86
01 122 — 60 61 62
02 116 0 115 116
03 133 118 — 40 4 78
04 104 116 — 40 80 76
05 103 113 4+ 70 183 183
06 99 106 4200 306 307
017 105 98 — 10 36 28
08 100 92 — 170 22 22
09 94 93 — 50 42 43
1910 96 85 — 10 5] 5
11 90 7 + 70 156 147
12 5 il — 70 4 1
13 60 66 — 20 44 46
14 61 65 + 30 101 95
15 65 63 — 50 13 13
16 62 62 — 30 29 32
i 63 | 60 + 70 130 130
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Table 1 (continued)
E. (11) W Es
Yipien 1 2 3 4 5
obs comp obs comp
1918 5l 48 0 53 48
19 H4 53 0 52 b3
1920 44 48 + 40 36 88
2l 45 43 — 30 13 13
22 44 43 — 20 25 23
23 36 36 + 10 43 46
24 37 31 0 36 31
25 33 32 0 — —
26 26 26 0 27 26
217 28 35 — 10 22 25
28 31 31 0 31 31
29 31 3l + 30 63 61
1930 36 32 0 — —
31 36 34 — 10 22 26
32 35 36 0 36 36
33 44 40 -+ 100 141 140
34 49 43 0 38 43
35 45 47 — 40 13 17
36 H4 50 0 — —
37 69 b4 — b0 9 4
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Table 1 (continued)

E.(11) ‘1 AW Es
Date 717 o 2 T 3 » 7744 o 57
obs comp obs comp

1938 68 58 + 70 125 128
39 52 5h + 30 86 85
1940 50 50 — 30 25 20
41 52 53 -+ 60 102 103
42 b4 55 -+ 50 108 105
43 Hb b7 — 10 45 47
44 45 H6 — 40 18 16
45 48 59 — 40 18 19
46 45 43 0 43 43
47 43 37 — 30 4 1
48 34 33 — 10 27 23
49 30 29 — 20 9 9
1950 28 21 + 90 ) B15) 117
bl 28 —28 — 20 9 3
b2 27 33 + 50 80 83
53 37 36 — 30 6 6
b4 32 36 0 — .
Bh) 33 31 0 — —
56 23 23 0 — —
57 22 23 + 20 42 43
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Table 1 (continued)

E. (11) R R E,
Date | .3 | .2 .| .3 4 5
obs | comp \ ‘ obs comp
1958 | 1 23 | + 50 ; its’ 73
59 19 22 — 10 15 12
1960 20 21 0 24 21
61 28 21 0 | — LI,
62 23 20 N ot
63 25 20 0 — =
64 ‘ 20 20 + 10 | 18 20
65 18 19 —10 | ) 9
66 19 19 + 20 32 39
67 24 18 0 — vl
68 25 18 + 50 67 68
69 23 18 0 18 18
1970 20 i 18 } 0 e —
71 21 17 + 15 34 32
72 20 1% + 30 b3 47
73 17 — 15 6 2
74 17 0 == =
5 17 0 — —
76 ¢ 0 22 22
77 17 0 22 22
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3. CONCLUSIONS

From the above discussion we see that it is not possible to predict
with satisfactory accuracy the annually released planetary seismic energy
Es. Besides the term with period equal to 180 years, the quantity Es does
depend also on the periodic terms with periods equal to 25 and 12.5
years, which are not always present, as well as on the periodic term
with a period equal to 4 years, and amplitude varying between 10 and
120 units. The observational data available so far do not allow a predic-
tion of the time of appearance of these terms. Very difficult is also the
prediction of the values of the «mean variation» Es (11) (11-year sliding
means) which assumes its minimum value during the year 1975, when
the long-period (180 years) term becomes also minimum. Starting with
the year 1975, however, the values of E,(11) will show an increase for
a long period of time (90 years), with some fluctuations due to the prob-
able appearance of the 25 and 12.5 years periodicities.

The amplitude of the term of the 4-years periodicities shows con-
siderable fluctuations (figure 6). Thus, during the period 1897 -1921 the
amplitude of this term is very large, during the period 1922 -1932 be-
comes smaller, during the period 1933 - 1958 assumes again large values,
and then becomes again very low during the years 1959-1977 (with the
exception of the year 1968).

If these fluctuations continue in the same way, then we must expect
that the amplitude of the 4-year term will assume again large values
during the period 1978-2000 i.e. we will have strong seismic activity,
with great deviations of the values of Es from the corresponding values
of the mean variation Eg(11).

According to Benioff (Richter, 1958 p. 369) intervals of high seis-
micity are separated by intervals of lower activity, but the totals reached
in the active periods successively decrease.

Analogous results we get when we study the values of the dif-
ferences ES”°— EP™ (11). Figure 7a represents the values of the dif-
ferences E”— EC™ (11). From this figure we see that the differences
E" — E™ (11) continuously decrease from 1897 until 1975. The positive
values of this difference (full bars) which correspond to periods of
intensive release of planetary seismic activity are separated by periods
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with a duration of 4-8 years, during which lower seismic actiyity pre-
vails i.e. EJ”®—E™ (11) < 0 (empty bars). This decrease of the value
of E”—ES°™ (11) continues until the year 1975, during which both
Es (11) and the long period (180 years) term become minimum.

This phenomenon together with the fluctuations of the amplitude
of the 4 year term lead to the hypothesis that after the year 1975 the
values of the differences E2” — ES°™ (11) will probably follow the inverse
trend for an interval of time of about 90 years.

All the above results are clearly shown in figures 5, 6 and 7.

The possible causes of the detected periodicities are an interesting

subject for further observational and theoretical investigation.

REFERENCES

M. Bath and S. J. Duda, Some Aspects of the Global Seismicity. Mono-
graph, 1965.

S. J. Duda, Secular Seismic Energy Released in the Circum-Pacific Belt.
Tectonophysics 2 (5), 1965.

Yu. Kalinin - V. M. Kisselev, Solar Dependence and Prediction of
Seismic Activity of the Earth. International Solar-Terrestrial Predictions
Proceedings vol. 2, 1980 (E. R. Donnely. Publ. U.S. Department of Com-
merce) 1978.

C. F. Richter, Elementary Seismology, Edit. Freeman and Comp. Inc. 1958.

D. E. Smylie - G. K. C. Clarke - T. J. Ulrich, Analysis of Irregu-
larities in the Earths Rotation Methods of Computation Physics, 13:
391, 1973.

NEPIAHVWYIZ

Eic v nogotcav 2oyactav ueket@vrar ol uetaforai t@v Etnoiov tiudv
tiic mhavnuxilc oetouxilc évegyetog Es O ostopovg elg v xAipaxa Richter
M >17.8. “H pedéty xahbmrer v yoovixiv meplodov 1898 - 1977. Al tpal Es
bredoylodmoav olugova pé v oyéory log Es = 11.84+1.5M. Al davrictouyor
el M éMednoav éx tdv xatakéywv tod Duda (Tectonophysics, 1965) xai
Bath xai Duda (Monograph, 1965).

*Ex tiic yevouévne qacuatirniic dvalioewg drexakipincav meolodndimreg

tiic tdtems tdv 180, 25, 12,5 xai 4 &rdv. TH Pondele tovtwv tdOV mEgLodixotii-
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TV ®atéotn duvatov va éxgoacdolv avalvtirde ai &tiolol tipal tig Exhvopévng
ahavnuxdls oelopndls évepyelag Es e 8Eatgetixnv dnoifetav.

To 8Eaydévra ocvumeodopata divavrar v cvvopiodolv dg xdrod:

1) “H évdiuvoig detnvier Gt dev elvar duvatov va moofrépmouey pg ravo-
momuuany Gxoifeiav tdg 8tnolag tnag tiic mhavnrixilg oelopixils éveoystag K.
‘H perapint atity eEaprdrar dmod meguoduwolg doovg 180, 25, 12,5 dr@v mov dev
gugavifovrar xatd tedmov cuveyd, xadag xal amd Soovs Boayvtéoag meotédov
4 v oi 6moiot aMnromoootidéucvor, EugaviCovrar Umd woopnv mhéyuatog
7EOLOdROTN TV UE €D05 wuparvopevov petald 10 xal 120 povddwv.

To uéyor totde Oedopévo dgv pdg Emroémovy piav mbaviyv meoPreywy elg
mv aAMnlodiadoyny tdv meplodix®dv TovTwV Fowv.

2) “H péon mogela tdv riudv tiig perafrnriic Es (11) (11etels mvnrol uéoou
Goot) atverar va Aapfdvn v wmgotégav Tuiy tng xata to €rog 197D, dmou
%ol 6 Gpog naxpds meotédov (180 8tdv) raufdver mbavig v wixgotéoav Tiuny
tov. *And 10 Erog 197D Suwg 1 péom mogsta Es (11) da Paivn adEavouévn Emi
noxeav ooy 2tdv (90 Etn) ue alodntag adfopeiwoeig &x tiic mdavig dugpavi-
cewg TV megLodinotiTwy T@v 25 Erdv.

3) To clumheyua tdv meggodivotnrov tdv 4 &tdv magovotdlet dtadoyindg
Mav alodntag adboustdoeg. "Eav vmotedij tv 1 adfoueiwoig ality ovveyileta
watd TV ovtny tdfy, og dewvietan elg v eixdva 6 tdte ddov va avauévouev
#Fvrovov celouixiy doastmotdtnta xata thv sepiodov 1978 - 2000.

4) "Ex tijc nekéing td@v dagoomv . g (11) oL @V Sragpopdv TdV
uu®v tig gmmolag &xdvopévng mhavnuxiig évegyelag Es amo tijc wéong mooelag
Es (11) xatakiyouev eilg avdloyov mpog to monyovuevov cvumégacua. Toito

detvvetar vmo g eindvog 7.



