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Abstract. In the present work, phenomena in the iono- al., 2000, 2005; Silina et al., 2001). In the present work iono-
sphere are studied, which are connected with earthquakes (I€pheric effects of earthquakes with epicenters below sea are
events) having a depth of less than 50 km and a magnitudéwvestigated and pre-seismic effects are analyzed as a func-
M larger than 4. Analysed are night-time Es-spread effectdion of the local time.

using data of the vertical sounding station Petropavlovsk-

Kamchatsky ¢=53.0°, .=1587°) from May 2004 until Au-

gust 2004 registered every 15 min. It is found that the max-2 Method of analysis

imum distance of the earthquake from the sounding station,

where pre-seismic phenomena are yet observable, dependis the present work earthquakes with magnitudes/cf4.0

on the magnitude of the earthquake. Further it is shown thaand depths less than 50 km are studied. The investigation of
1-2 days before the earthquakes, in the pre-midnight hourssuch rather weak earthquakes is reasonable as the sporadic
the appearance of Es-spread increases. With a probability dE-layers have only a distance of abdut100 km from the
more than 0.95, this increase of Es-spread observations besurface of the earth, and the seismo-ionospheric effects are
fore midnight is not casual. apparently stronger than in the case of the F-layer situated at
an altitude of about 300 km.

The occurrence frequency of Es-spread on ionograms is
analyzed, which reflects the degree of turbulization of the
plasma of sporadic layers. The authors make the assumption
that turbulence in the sporadic Es-layers may be caused by

Recently, in connection with earthquake preparation pro- ) ) _ _
cesses, in a series of works the Es-spread phenomenon acoustic waves with periods of 20s to 5min. Further, the

studied (Silina et al., 2001; Liperovsky et al., 2005). Es- radius R of the earthquake preparation region may be esti-

spread occurs as diffusivity, that means as smearing of th&ated using the Dobrovolsky formul& [km]= exp(M),
traces of sporadic Es-layers on ionograms of vertical soundWheré M describes the magnitude of the earthquake. The

ing stations, reflecting the turbulization of the sporadic layersP0Provolsky formula was proposed on the basis of exper-

(Bowman, 1985: Whitehead, 1989). Es-spread is mainly obimental observation of earthquake precursors at the earth’s

served at night, and its observation probability depends orpurface (see e.g. Pulinets and Boyarchuk, 2004). Accord-
the season and on the solar activity. ing to geometric considerations, weak disturbances propa-

In a series of former works, it was found that Es-spread92ting upwards from the surface of the earth can modify

observation increases 1-3 days before an earthquake. Tﬁge_ |onosphere, if the dimension Of_ the earthquake prepa-
Es-spread decrease was analysed for earthquakes with diffef@tion region is of the order of the Fhstan& between the

ent magnitudes larger than 4 and at different distances frongurface of the earth and the E-region or larger, that means
the sounding station up to 600km. All these former works | H=d<2R. Consequently, the magnitudes of the earth-

took into account earthquakes of Central Asia (Liperovsky etdU@kes causing an Es-layer turbulization should be larger
than 4. Besides, the maximum amplitude of an acoustic

Correspondence taC.-V. Meister disturbance propagating up into the atmosphere occurs for
(cvmeister@aip.de) vertically moving disturbances. For that reason, the authors

1 Introduction
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propose to study earthquakes with preparation regions which 15
are not situated too far from the vertical sounding station. N
Thus, only earthquakes with distances from the sounding sta-
tion of AL=L—R<100km are taken into account, where

L describes the distance between epicenter and soundiny
station. From May 2004 until August 2004, only 25 such
earthquakes happened (see dataldige//data.emsd.iks.ru/
dbquaketxtmin/indexr.htm\#top9. Some of the events oc-
curred on the same day, therefore, in total, 16 days with
earthquakes were analysed. The according Es-spread dat
were all registered by the ionospheric vertical sounding sta-
tion Paratunka £=53.0°, .=1587°, near Petropavlovsk-
Kamchatsky) in the time interval May-August 2004 at night
(20:00 LT-05:00LT) every 15min (37 measurements were 0
made during one night).

Earthquakes which happened May—August 2004 and are ] _
taken into account in the present work: Fig. 1.  Number of Es-spread observations as function of the

local time LT for “background” days (blue) and “seismoactive”
month day lat.N long.E » M R AL (—=2,-1,0) days (red).

10+

20 21 22 23 24 1 2 3 4 LT

5 523 1599 0 42 140 +70 of ULF-fields connected with earthquakes (Molchanov et al.,
6 521 160.0 25 43 150 +80 2004, 2005). By Molchanov et al. (2004, 2005) ULF varia-

14 533 1606 33 4.2 160 +90 tions of the magnetic field are found in the frequency region
16 53.3 1606 40 4.4 160 +80

of 0.05—-0.2 Hz. The authors of the present work suggest that
30 494 1574 40 6.0 400 0

the increase of the Es-spread phenomena before earthquakes
] ~is caused by an enhanced activity of acoustic pulses with

In the works by Liperovsky et al. (2000, 2005) and Silina frequencies of the order of 0.05Hz, which propagate from
et al. (2001), it is shown that 1-3 days before an earthhe yegion of earthquake preparation up into the atmosphere
quake the probability of the observati_on of diffusivity of 'Fhe and ionosphere. It might be possible that both the acoustic
Es-layer, that means of Es-spread, increases. Thus, in thgises and the ULF variations are caused by the same rea-
present work the days{2, —1) before an earthquake and the son_ |t should be underlined that an increase of the number of
day of the earthquake (0 day) are taken to be the "seismoagzs_spread effects was not found for the earthquakes appear-
tive” ones. The remaining days are considered to be “back1ng during the time of solar activity maximum 1988-1989
ground” ones. Further_, for_all 37 experiments, the ”Umb?r(Liperovsky et al., 2005). Thus one may conclude that the
of Es-spread observations is found separately for the “seisgissipation of the acoustic pulses at solar activity maximum
moactive” and “background” times. Such an approach makegncreases so strongly, that before the earthquakes a remark-
it possible to find out the day time at which Es-spread causegp|e modification of the turbulization of the sporadic Es-layer
by earthquake preparation processes is observable. is not possible. Thus, the reliability of the here obtained in-
crease of the Es-spread phenomena before earthquakes has
to be estimated.

To neglect high-frequency noise, the number of Es-spread
In case of the studied earthquakes, the average occuebservations is found for every hour (using 4 consecutive
rence probability of Es-spread during “seimoactive nights”ionogrammes obtained every 15min, that means together
amounts to 0.24, and on background days it equals 0.16. Inwithin one hour) for the £2,—1,0) days and the “back-
vestigating the time of the Es-spread occurrence, for evenground” days separately. Further, the obtained nine values

5 18 529 169.1 39 5.0 130 -20

2 gg gizf 1238 jg j; ;i’g :1?0 hour of the day, the total number of observed Es-spread ef-
6 12 533 1604 42 42 150 +80 fects is determined. As result it is found that at seismo-active
6 13 537 1608 34 48 180 +60 days, a distinct maximum of the number of Es-spread phe-
6 18 531 1603 38 42 140 +70 nomena appears two hours before midnight. In Fig. 1, the
6 27 522 1604 35 5.0 170 +20 number of Es-spread observations is presented as function
7 3 53.0 160.7 32 45 160 +70 of the local time for “background” and “seismoactive” days
7 16 40.0 156.6 18 56 370 +100  Separately.

7 26 536 1608 40 49 180 +40 The seismo-active time interval of the two hours before
2 4 521 1599 8 5.8 140-190 midnight is in agreement with the results of the observation
8

8

8

8

3 Observational results

Nat. Hazards Earth Syst. Sci., 6, 7444, 2006 www.nat-hazards-earth-syst-sci.net/6/741/2006/


http://data.emsd.iks.ru/dbquaketxt_min/index_r.htm#tops
http://data.emsd.iks.ru/dbquaketxt_min/index_r.htm#tops

E. V. Liperovskaya et al.: Es-spread effects connected to earthquakes 743

norm

norm

0.20

0.15F

0.10

0.051

20 21 2 23 24 1 2 3 4 LT 20 21 22 2 294 1 2 @ 3 LT

Fig. 2. Normalized number of Es-spread observations as functionr'9- 3:  Normalized number of Es-spread observations as func-
of local time LT. The red line shows “seismoactive” days, the dashegtion Of the local time LT. The red line shows “seismoactive” days,
line describes model results for virtual earthquakes, the dotted linethe dotted lines gives the intervai2o, and the blue line presents
gives the intervak=20, and the blue line presents “background” Packground” days.

days.

and it is to be seen thafom(7) exceedst2o0 in the vicinity
are normalized by their sum. As result the numb&gm of 22:00 LT—_23:OO LT. Hen_ce, the incr_ease of the Es-spread
are found, which are presented in Fig. 2 as function of thePCCUITence s not casua]_wﬂh a probabilityarger than O.'95'
local time. To estimate the stability of the phenomenon, the interval
. . . . . of reliability 20 is also calculated for the real earthquakes
. Now, one has Fo investigate if the obtained Tc'e'smo'(Fig. 3). To do so, from the 16 analysed earthquakes 2/3
|pnospher|c effect is casual or not. Tc.).answer this AUES3re taken randomly (i.e. 10 events). This procedure is done
tion, one has to CaICl.Jlate the P.rOb.ab'l'Béas“a' that the 200 times, and for every of the 200 sets of 10 earthquakes
effect is casual. If this probabnlty IS small_ enough, €-9: the normalized number of observations of Es-spread during
Peasuar<0.05, then the effect is not casual with probability the days {2,—1,0) is determined. Further, for the 200 sets
P=1—EcasugP0.95- In .SUCh a case the effect may be tr(:""’lmdof normalized values, the mean values and the interval of
as a seismoionospheric one. reliability are calculated. The interval of reliability of the real
To evaluate Peasuai here a study of the variations of earthquakes is smaller that the interval of reliability of the
the ionospheric paramete¥norm(1) is performed using a yjrtual events by a factor of/3/2. The curve of the mean
random background process model. The random backyajue of the normalized number of Es-spread observations
ground process is constructed to check, if the variationsor the 200 series of 10 earthquakes and the curve for the real

of Nnormvirtual(7) found with the help of a set of “virtual 16 earthquakes are situated rather narrow. That means, the
events” (the number of “virtual” events must be equal to gptained phenomenon is stable.

the number of real earthquakes) is of less amplitude than

Nnorm(t) obtained for the real events. Therefare-200

series of events are constructed. In each series of events conclusions
the days of the earthquakes are chosen by a random num-

ber generator. Thus, aNnormvirwal(?) is found for each  Analysing Es-spread phenomena of the ionograms of the ver-
set of “virtual” events. For every hour of local time (LT), tical sounding station Paratunka (Kamchatka) it is shown
e.g. 2 or 23,Nnormvirual(f) possesses a Gaussian distribu- that 1-2 days before earthquakes, even before rather weak
tion. Thus it is possible to determine the standard devia-pnes, the turbulization of the plasma of sporadic Es-layers in-
tion Nnormvirtual(7) @nd the reliabilityo () for each of the  creases. Thus the number of Es-spread phenomena increases.
hours for allk=200 sets. The number 200 was chosen forThe maximum growth of the number of ES_Spread phenom_

k as for such largé-values,Nnormyvirwal(f) ando (1) do not  ena before earthquakes is obtained two hours before mid-
depend onk and may be calculated with proper accuracy. pight. The authors assume that pre-seismic Es-spread takes
Then, for each hour separatelynorm(z) of the real earth-  place if the magnitud@s of the earthquake and the distance
quakes is compared with the variations\ormyvirtual(/) US-  between the epicenter and the vertical sounding stdtiare

iNg Nnormvirtual(t)£20 (). In Fig. 2, Nnormvirtual(t) (dashed  connected by the relatiabh— exp(M) <100 km. Further they

line) andNnormvirtua|(t)i2cf (t) (dotted lines) are presented, suggest that pre-seismic Es-spread is caused by an enhanced
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activity of acoustic pulses with frequencies less than 0.05 Hz iperovsky, V. A., Meister, C.-V., Liperovskaya, E. V., Vasil'eva, N.
(i.e. with periods of more than 20 s and up to a few minutes), E., and Alimov, O.: On Es-spread effects in the ionosphere be-

which propagate from the region of earthquake preparation fore earthquakes, Nat. Hazards Earth Syst. Sci., 5, 59-62, 2005,
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