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Abstract. This paperbrings space wather prediction close to earthqualgQ) prediction researciihe results of this paper suppodnclusions

of previously presented statistical studies that solar activity influences the seismic activity, thisenusecliated through rapid geomagnetic
disturbancesindthe geonagnetic disturbancemerelatedwith increases of solar wind spee@ur study concern aexample 040 days with

direct response of a series of 7 straagiant (M=6.8-9.3) EQs (including the AndamarSumatra EQ)o solar wind speed increasasad
subsequent geomagnefast disturbancs. Our analysis for 10 M>6 EQs from November 23 to December 28, 2004 suggests a mean time
response delay of EQs to fast geomagnetic disturbance$.®fdays The two giant EQs during this period occurred after the two fastest
geomagnetic variations, as revealed by the ratio of the daily Kp index variation oventptay12 and 15, respectivelylt suggess that the fast
disturbance of the magnetospheras a result of the solar wind speeédcrease is a key parameter in a related space weatlarthquake prediction
research.The Solarmagnetospherlithosphere coupling and their possible special characteristics during the period exasedsturther

investigation since it could providsignificant information on the underlying physical relation procesgsgong earthquakes



1. Introduction.

The presence of Sun controls to a highest degree the planet Earth, the life on it and, of course, himealthliéend culture. In particular,

scientific researcin the recent decades has greatiproves our knowledge of Sun, its emissions and several aspects of its influence on other

pl anets and their magnet ospher es Inaddion, thetast two detadea twod differenh scienees, tsgaées m
physics and seismology, have been developed to a common new research direction: space whether prediction and earttiquak&ppedi

whether prediction research has been accepted asdimepriority in space physics, whereas earthquake prediction is a rather controversial
issue, despiténcreasingevidence from the investigation of various physical phenomena about the existence of various types of earthquake
precursory signals. In anahaccompanying paper of this issue we review some of the various methods which provide earthquake precursory
signals and we suggest a new one, based on the space observation of energetic electron precipitation in the upperAoraagpisopoulos

etal.).

The question addressed in this paper is the possible synergy between space whether prediction and earthquake prechct®ousdsea et
al.(2003) noted that although many authors have studied the role of extraterrestrial factors in teseestriaity, the problem remains
controversial. However, therds an increasingvidence for an influence of lsp activity upon seismic activities. For instance, Khain and
Khalilov (2008) presented statistical results that (a) in both the spectratojlesddes with M>= 7 and Wolf numbethe main harmonic was

f ound altl yedrs and (i) Ghe most stable components of the spectra of time series of earthquakes and volcanoes are the harndonics at
10-13 yearsand Ta -24 years. The authors sugged a longerm forecast for seismic activity until 20b&sedon its high correlation with

solar activity. Odintsov et al. (2007) determined that the maximum of seismic energy released from EQdadngcesll-yr of the solar

sunspots is observedrihg the phase dfolarcycle decline and lags behind 2yof the solar maximum.

Most importantly, a relation between the solar wind spesditincidenson t he Earthés magnetosphere and
established. It is known that tineain source of high speed solar streams are the solar coronal mass ejections (CMESs), which have a maximum

near tothe solarsunspot maximumas a consequence of the increase solar agtasiiy the coronal holes with a maximumtbaascendingand



descendig phase of solar activity. Gousheva et al. (2003) performed a statistical study and they found two maxima in the glaibanpearl
of EQs in the 14yr sunspot cycle, one coinciding with teelarsunspotycle maximum, and the other one on the descanghmaseof the solar
cycle In agreement with these results, Odinstov et al (2007) confirmed that the maafrtheearthquakesumber directly corretas with a

sudden increase in the solar wind velocity.

A significant increase in thimcidentsolarwid s peed on t he ear tdnagnetasahegio gornes s lsudstoems.pSeverdlu ¢ e
scientists searched for a relationship between geomagnetic storms and tectonic events and implemented a transforavafiare afresohy

into the energy of tectoc processes. For instance, Sobo&tval(2001) and Zakrzhevskaya and Sobolev (2002) examined the probable
seismicity effect of the magnetic storms by analysing the regional seismic catalogue of Kazakhstan and Kyrgyzstan (Mld&di)ovicney

come tothe conclusion that there is a good correlation between magnetic storms and the seismicity, and that the seismic aesagmstito

storm lasts for 10 days, with a maximum effect between 2 to 7 days after the sudden commencement. These autroansdt@aiiwh detween
magnetic storms / sudden commencement and earthquakes in the seismically active region of Kazakhstan and Kyrgyzstaad Tweysiop

catalogs with events preceding and following magnetic storms and theypse superposition mettis to show that, at a high significance

level, the number of earthquakes occurring after storms increases in some areas and decreases in other, and thatttveaiehdencgrease

of the number of earthquakes after the storm characterizes the asgiowhole. A possible interpretation of this fact is the compensation of the
storm effect time intervals. If the seismicity in some area increases after a storm, it decreases in the passive petiodtdrets) andice

versa Let storms cause an inas®e in seismicity (the positive effect) in an area. This leads, on the one hand, to the energy outflow from other
areas where the negative effect is observed and, on the other hand, to a decrease in seismicity in this area in theopafstioeipg he

active one. They applied parametric and -panametric criteria to check the absence or presence of significant distinctions betwesard pre
poststorm samples something that concluded in the significant difference between events preceding and follgwetic storms (with a

probability of 99.9% in the studied areas). They inferred that the storm effect on seismicity is evideatigidental.



Bakhmutov et al. (2007) studied the correlation between geomagnetic field disturbances and earthdoealszssomc zone in Vrancea, South
Carpathian region. They demonstrated a reaction of the -stregsed medium to geomagnetic disturbances (morphological features in the

geomagnetic variation structure) suggesting that most of the earthquakes waledd ségss discharges.

Furthermore, Tarasost al. (1999) reported a probable triggering effect on anthropogenic impulsive electrical signals on seismicity. Analyzing
variationsof the number of earthquakes in Kyrgyzstan associated with electricalsigudiated by an MHD generator, they inferred that the
number of earthquakes tends to increagedays after the electrical signal passage. The duration of this activation stage is a few days, and the

dimensions of the possibly affected area are owttier of a few hundred kilometres.

In conclusion, the above referred papers based on statistical results are consistent with an increase of seismicitpdar eafitrence of
geomagnetistormsrelated with thesolar wind speed increases. In this grage study for the first time the possible direct influence of high
solar wind streams on the earthoés sei s miidndanyan dtrong (9.8) EQ {Steia and Okale r v a |
2007), that caused the tsunami of hundredeghnds dead people. Our data analysis clearly shows that 7 of the 7 solar wind increases observed
upstream from t he eld/R0Nho®8 /122004 wesetotdoovdd by oneoommole MEH6 earthquakes (M=7.1, 7.0, 6.8, 6.8, 8.1,

9.3, respectivelyyvithin ~1.5 daysall (except the Sumatra EQ) occurred at the edges of Pacific Plate. The possible conditions of the solar wind

magnetospherkthosphere coupling during that special time period are also discussed.



2. Observations

2.1 Data and Procesing

In the present studyhe geomagnetic Kp index and the Solar Wind velocity (Kp and S¥a¥§ have been retrieved from the Space weather

prediction center http://www.swpc.noaa.goy/and the earthquake datdrom http://earthquake.usgs.gowhe relevant time period from

23/11/2004 to 31/12/2004 examinedWe have plotted these data in composite figures in an attempt to search for any qualitative correlations
between parameters of space weather, geomagnetis atatiearthquakes. Additionally we present in tables the quantitative results in order to

provide a first quantification of these correlations.

2.2 Data Analysis.

Figure 1shows an overview of the magnitude of strong (M>6) earthquakes (top panel), as thrak series of {Bours) geomagnetic Kp index
(middle panel) and-Bours averaged solar wind speed (bottom panel) for time intdoxedmber 23 to December 28, 2004, which includes the
giant AndamasSumatra EQ. This figure shows in brief the main cttarsstics ofthe solar-magnetospherkithosphere coupling discussed in

this paper during this exceptional case of seismic activity. The green normal lines mark times of solar wind speed timerelageayrows
indicate related increases in the dailynber of the Kp index, and the red arrows point the EQs following the corresponding solar wind and Kp
index values increaseBrom this first figure it is clearly seem associatiometween solar wind and Kp index values increases with occurrence

of strorg EQs. In the following figures this relation is examined in detail.

Figures 2 and 3 display the Kp and SwV along with their variations in different time scales (daily and 3hourly respéctiigiye 4 we
present the earthquake activity along with difi@rementioned space weather parameters. As can be seen, in the temporal vicinity of every major
earthquake (M>6 in the Richter scale) there are local maxima in the Kp index. In all of the cases these maxima of thex§ethdoefore or


http://www.swpc.noaa.gov/

the same daypf the earthquake. In addition to Figure 4 we present Tables 1 and 2 in which wevalnagedhe slopes of the Kp up to the

maximum that is relevant to each earthquake.

It is interesting tonote that although for some earthquakes the daily Kp increasens rather gradual (low Kp slop#)is is a result of

averaging. This is especially evident in earthquakes #6 and # 7 for which we have calculated the Kp slope for all theustpmotosasing

Kp dates and then calculated the slopes of some admato da@Kp variations. So, in the case of earthquakewitle the total calculated Kp
slope is 6, it increases to 8 when calculated for two days prior to the earthquake (Kp=13 and 21 respectively). Thmwoie eceented in
earthquake #7 in whicthe Kp slope is 8 and, vhen calculated from 4 and 3 points respectivelyile from day P before the earthquake
(20/12/2004)to day D before the earthquak21/12/2004)the actual Kp slope is 12.

In addition to these results we present in figuleand6 the temporal distribution of the Kipdex andthe solar wind speedSwV) maxima
regarding each earthquak&hile thesolar wind activity is not definitive in the vicinity of each earthquatke Kp activity appears to presents a
temporalassociabn to the occurrence of earthquakes. To verify #esociationwe have tabulated the earthquake events and recorded the
temporal distance (in 3 hourly periods) of each Kp maximum that occurred before the earthquake (Table 3). As is sha8 thegailsl an

averagor eceding Kp maxi mum at about 36 N 3 hours between the Kp max

Figure 7 shows magnetic field and solar wind deden the ACE spacecra#iuggesting that the high speed solar wind streams were due

tocoroat i ng interaction regions (CIRs) incident on the earthoéds magn

These results although preliminary and mostly qualitative seem to suggest that a psssitibtiorbetween the space weather parameters and
geological phenomena could be establisshould a larger data sample could be explored. It is clear that such a larger scale study could
conceivably lead to a possible correlation of the actual physical processes of space magnetism as a triggering memyicaigorgeekses that

would leal to observable effects such as earthquakes.



3. Discussion and Conclusion

Sever al studies in the | ast years have been devoted netospherdbe r el
ionosphere, atmosphere, human life andtheaéchnological systems and lithosphere, including earthquakes. Space science community has
recently concentrated hia hiemtdterienstorarert teo a0 edalcltedemdsmpanet we
significant impacbn electrical power systems, telecommunications, oil pipelines, spacecraft and aircraft electronics, astronauts saéety, clim
changes etc. The results of this paper further support the results of previously presented statistidhbstajlths solar activity influences the

seismic activity, (b) this influence is mediated through rapid geomagnetic disturbantiesgémmagnetic disturbancesrelatedwith the solar

wind speedncreasesTheseconclusiondrings space whether prediction closeanthquake prediction research.

Various authors attributed seismic activity to a variety of extraterrestrial factors. Different elements of solar actviigemaproposed as

triggers of seismic activity: solar and lunar tides (Jakubcova and Pick.; 1B8[Fakov et al.,2007), solar proton fluxes (Velinov, 1975),
earthward movement of thmagnéopause caused by an increased solar wind dynamic pressure (Makarova and Shirochkov, 1999), high solar
wind speed (Sytinski, 1989)The Suni interplanetary spzei magnetospheré ionospherd atmospheré lithosphere chain is a complicated

open dynamic nonlinear system of a complex of processes with high unpredictability. In this context, the seismic phetiwerieadroshould

be considered as a part of tkbole SurEarth system. The relation between seismicity andtiveEarth chain processes has been considered

as ambiguous. The contribution of v aandtheirassosiaidnavith the sgismic énergy retease s s e S

need much work.

How solar wind impact on the magnetosphere can provide energy to lithosphere and trigger seismic EQs? Sobolev et ail (2001) an
Zakrzhevskaya and Sobolev (2001) argued that the estimation of the energies supplied by magnetic stormsdbg ezslghgeakes suggests
a trigger mechanism should be considered as responsible for the magnetic storm effect on sdistimcityust in the area of the forthcoming

earthquake is in metastable state, it becomes more sensitive to-likggeffects The electrical energy supplied to the earth during a storm is



then converted into mechanical energy via piezoelectric, electrokinetic or other mechanoelectric effects and additieas#ig mechanical
stresses. Sytinskii (1997) argued that the trigge mechanism for EQ occurrence is the solar induced change in atmospheric circulation
expressed in large scale reorganization of |baric fields. Furthermore, Prikyl et al. (2003) provided evidence thaythe\gra\are generated

by auroral electrojst caused by high speed solar wind MHD wawasrmiltsev et al. (2002) suggested another mechanism of the effect of
magnetic storms on seismicity. They hypothesized that elestrmtic fluid flow induced by magnetic storms generates anomalous porous

pressue, which could be the triggering of the tectonic event.

The dataanalysisof seven strong (>6.8) EQs between 23200428/12/2004, provides a possible useful information for further testing the
storm induced triggering mechanism of EQs. Sddata suggsts that strong EQs occurred durihgfast increase of the geomagnetic activity
as it inferred by the rythme variation of the geomagnetic Kp indexgiikphdnot during the large storms. Furthermore, the two strongest EQs
during this period, the gia@umatra Andaman EQ (M=9.3) and north of Macquarie islands(&Q= 8.1) occurred on December 26,2004 and
on December 23,2004, aftére recorded highestlues of the ratio Kpft evaluated for the period of 35 dayslditionally, thesix strong EQs

beforethe Sumatrd AndamanEQ occurred on the same broad area of the Pacific |Plate.

This paper provide evidence that the increafsgolar wind speed, and the subseqdasit variability of the geomagnetic fieldias probably a
trigger agent for the giantughatrai Andaman EQ and for 6 motkan6.8 (>6.8) EQs occurred within the period of a month before that deadly
event (Sumatra Andaman EQ). This hypothesis is strongly supported by the data and is consistent with previously published statistical result

mentioned in Section 1.

The solarrmagnetospherkthosphere coupling and their possible special characteristics during the period exantimggapershould further
studied, since it provides good example of direct response of a series of 7 sttorglant EQs to solar wind speed increasesl their
subsequent geomagnetic disturbanddoreover, itcould providesignificantinformation on the underlying physical relation proces3és

whole set of datdetween 23/1/200428/12/2004and the probably suggesbn that the fast variability of the geomagnetic field is a key



parameter for formulating a theory on solar wind / geomagnetic storm triggering of the l@sr examinatiarSince, it is generally accepted

that the strength of the Sumair&ndaman (SA) EQ was unexpected from only a tectonic plate point of view and that the oceanwide tsunamis
may reflect the short earthquake histeampled(Stein and Okal, 2007), we think that the vicinity in time (~3 days) and space (Fig. 8) of the
two giant 8.1, 9.3) EQs may suggest a relation of SA EQ with the previous strong EQ which occurred within the broad area where Pacific,

Philippine, Eurasian and Indian Plates meets one each other.

Acknowlegments The leading author thankdrs E. Sarris, G. Paviand D. Sarafopoulos for helpful discussiamsl Dr P. Preka for his valuable comments

on the manuscript.

References

Af anasbéeva, V.I., Geomagnetic Activity, l'ts V3&Giation and Origins, Geo

Amhr oz, P . metiid® ofssupérpositiorcohdpochs. |. Methodical analysis and-somé t er i a oBull. Aspon.|InistcCaethbstval. 3Q, pp.
114121, 1979.

Aoki, S., Ohtake, M., and Sato, H., Tidal Modulation of Seismicity: An Indicator of the Stress Stated Theneral Assembly of the International
Association of Seismology and Physics of t h28 1®ap.34nds I nterior. Abstact

Bakhmutov, V., Sedova, F., Mozgovaya, Mgrphological Features in the Structure of Gegn&lic Variations in Relation to Earthquakes in Vran&adyl.
Inst. Geophys. Pol. Acad. Sc.;99 (398), 2007

Chree, C., AMagneti c die%tbl % @&Rhi. drans. Ray, SKce Lwndonbvel 208ypp. 206246, 1908.

Dionysiou, D.,Papadopouloss. A.,, S a ms E . N. , and Tsi kour as, P. G. , i N e yG anchaarthquakesi 1dca, | t he
Eurth, Moon, andPlanetgol. 64 (1), pp.1-29, 1994.



Gopalswamy, N., Yashiro, S., Kaiser, M.L., Howard, RBougeretJ-L., i Char act eri stics of <cor on awavelaagth typeej ect i
lradi o h GeophyssRedipl. 116 (Al12), pp29,21929, 229, 2001

Greff-LeflzM.and Legr os, H., fACorrelation between some major geol ogi cal event
resmances between the free core nutationlanid o | ar t i Gead p hwasv wIsI89(l), pp X3B161, 1999.

GuidoboniE. with the collaboration of A. Comastri ar@. Traina, Catalogue of Ancient Earthquakestite Mediterraneun Area up to the HYCentury,

Rome, Instituto Nazionale di GeofisicE995.

Hayakawa, M., Molchanov, O. A., Ondoh, T., and Kawai, E.: The precursory signature effect of the Kobe earthquake on Mhdpkebsignals, J.
Comm. Res. Lab., Tokyo, 43, 1i@B0, 1996.

HayakawaM.: Atmospheric and lonospheric Electromagnetic Phenomena Associated with Earthquakes, Terra Sci. Pub. Co., 996p, Tokyo, 1999
Hayakawa, M. and Molchanov, O. A. Editors, Seismo Electromagnetics: Litho$phAar®spherd lonosphere Coupling, TERRAPUB,47,7Tokyo, 2002.

Hayakawa, M., Shvets, A. V., and Maekawa, S.: Subionospheric LF monitoring of ionospheric perturbations prior to theoKiokacthiguake and a

possible mechanism to lithosphérmnosphere coupling, Adv. Polar Upper Atmos. Res., 1854.22005.

Hayakawa, M., Ohta, K., Maekawa, S., Yamauchi, T., Ida, Y., Gotoh, T., Yonaiguchi, N., Sasaki, H., and Nakamura, T.a@haticopnecursors to the
2004 Mid Niigata Prefecture earthquake, Phys. Chem. Earth,313&%562006.

Hayakawa, M. and OA., Molchanov, Seismelectromagnetics as a new field of radiophysics: Electromagnetic phenomena associated with earthquakes,
Radio Sci. Bull., 320,187, 2007.

Horie, T., Maekawa, S., Yamauchi, T., and Hayakawa, M.: A possible effect of ionospharnibgt@hs associated with the Sumatra earthquake, as revealed

from subionospheric vefpwfrequency (VLF) propagation (NWWC a pan) , Intol J. R e3d89,t2@07aSensi ng, 28, 13, 31



Horie, T., Yamauchi, T., Yoshida, M., and Hayakawa, M.: The wikeestructures of ionospheric perturbation associated with Sumatra earthquake of 26

December 2004, as revealed from VLF observation in Japan of NWC signals, J. Atmoter&dbnys.,

69, 10211028, 2007b.

Jakubcova, ., and Pi solar,motibh, earthfakes and ethea geophyscdibeent onneent'a Geophys.yol. 5 (B), pp. 135

141,1987.

Kanamor i, H., fAThe Ener gy GeophyseRes/@. 82,pp.298k208¥1197Ear t hquakes o,

Khachay, O. A., AOn thieasitomMybefwaensnttaedctsonical aatsiswity and sol ar activi

Vulk Seismol.vol. 1, pp.45-51, 1994.

Kormiltsev, V.V., N.P. Kostrov, A.N. Ratushnyak and V.A. Shapiro, 2002, influence of electrosmotic pessure generating by geomagnetic disturbances
on the evolution of seismotectonic process M. Nayakawa and O. A. Mo Inetitt dithospherditmatherdonosphieel ect r o
Couplingd, Ter20apub, Tokyo, 203

Kul ani n, N. V.weenSddmit satus af Bastthangreldiive position of bodies #8 sun t h mo o riIN. Akads Nuakns&SR: Fiz. Zemli,
vol. 6, pp.95-99, 1984.

Lopes, R. M. C, Mal i n, S. R. C. and Maz z ar RhyslEarth Plakhetintdi. lval. 89app. 12&.128, 199@ | ar tr i gge

Ludmény, A. and Bsanyi, T. , AComparati ve~study of .t Preceedingni-GQUSPAer i ¢ e f
2000 Euroconferenc&SA SR463, 2000pp. 141- 146.

Maekawa, S., Hrie, T., Yamauchi, T., Sawaya, T., Ishikawa, M., Hayakawa, M., and Sasaki,H.: A statistical study on the effect of eartmtlak
ionosphere, based on the subionospheric LF propagation data in Japan, Ann. Geophysicaé ,222522006.

Makarova, L.N, and Shirochkov, AVii Ohhe connection between the Earthds magnetosphere macq
Abstracts of XXVI General Assembly LIRSI, Toronto, Canada, Autys&tl, 1999, p.755.



Mikhailova, N.N., Katalog zemlety a s e ni i Severnogo Tyand Shan-182gg. Chpt,i2 (Catglay wharthquekbsi irktie t e r r i
North Tien Shan and Adjacent Areas over the Period from 1975 through 1982: Parts 1 and-2taANauka, 1990

Molchanov, O. A., antHayakawa, M.: Seismelectromagnetics and Related Phenomena: History and Latest Results, TERRAPUB, Tokyo, 189p., 2008.
Nikolaev, A.V. and Nikolaev, V.A., Earth Tides Triggering os Earthquakes, Continental Earthquakes, Beijing: SeismolsgicE®®3epp319327

Prikryl, P.,MuldrewD. B., Sofko,G.J . , -$iplegth sol ar wi nd, auror al el ectrojets and at mospher
in Proceedings of thénternational Solar Cycl&tudies Symposium 2003: Solur Vaiildlp as un Input to the Earth Environmendune23-28, 2003,
Tatranska Lomnica, Slovakia, ES3P,2003.

Rikitaky, T., 1979Earthquakes PredictipMir Press, Moscow, 388 pp. (in Russian).

Rozhnoi, A., Solovieva, M. S.,Molchanov, O. A., and HayakawaMitidle latitude LF (40 kHz) phase variations associated with earthquakes for quiet and
disturbed geomagnetic conditions,Phys. Chem. Earth, 2855892004.

Rul ev, B. G. , Annual Periodicity in the EmiReaionoZemletryfasemya cprotsessyrikh podgotavkie s a
(Earthquakes and Their Preparation Process), Moscow: Nauka, 1991, {138127

Schove, D.J. , 6 The s unGpiGeppryy.Resok 60,pHl27135B1955.. to A.D.

Shvets, A. V., Hayakasy M., and Maekawa, S.: Results of subionospheric radio LF monitoring prior to the Tokachi (m=8, Hokkaido, 25 September 2003)
earthquake, Natural Hazards Earth System Sci., 46587 2004.

Sidorin, A. Ya., Predvestniki zemletryasenii (Earthquake PrecslfdMloscow: Nauk, 1992
Sobolev, G.A., 1993Bases of the Forecast of the Earthquakissika Press, Moscow, 313 pp. (in Russian).

Sobolev, G. A., Shestopalov, I. P., Kharin, E.P., Geophysically Significant Solar Flares and Seismic Activity of tikezEZ&imli, 1998, no. 7, pp.



Sobolev, G.A., N.A. Zakrzhevskaya and E.P. Kharin, 2@the relation between seismicity and magnetic stapings. Solid Earth, Russian Acad. Sc. 11,
62-72 (in Russian).

Sobolev, G.A. and Denim, V.M., Mekhanoelektréskie yavleniya v Zemle (Electromechanical Phenomena in the Earth), Moscow: Nauka, 1980.

Souchay and M. Stavinschi, N Pterdy dofc ttlkrerestrebadtitondesbamnwe edEarthiuo m @ n c ¢
Moon, and Rdnetsyol. 77 (2),pp.105124,1997.

Svetos, B.S., Odintsov, V.l.,,Kksa, Yu.l. and Balandina, S.E., {J®rgn Monitoring of MT Fields in a Seismoactive Area, The" Workshop on
Electromagnetic Induction in the Earth. Book of, Abstracts, Vergillia, 1998.

Sytinskii, AD., #fAlnfluence of interplanet aGgomuhn. Acronwolb3d @)pe 5381@8,1997T. he sei sm
Sytinskii, A.D., AOn the r elFakaiZemiiyvob2ppve3®198®art hquakes and activityo,
Sytinskii, A.D., Recent tectonic Movements as Evidence of the Solar Activity, Geomagn. Aeron., 1963, vol. 3, no. 115(. 148

Tarasov, N.T., N.V. Tarasova, A.A. Avagimov and V.A. Zeigarnik, 199 effect of higkpower electromagnetic pulses tire seismicity of the Central

Asia and KazakhstaiVolcan. Seismol., Russian Acad. Sc. 4/5,-162 (in Russian).
Vel inov, P., AThe effect of Ba/g@GeaficSps.wdl. L, pp.5M-%7,1675. geophysi cal processeso,

Vidale, J.E., Agncw, D.CJ ohnston M. J.S., and Oppenhei mer, D.H., fAAbsence of earthaqt
faul t stGeephys. Resgol 1834BIQ),.pp:24,56724.572, 1998.

Volodichev, N. N., Kuzhevskii, BM., and Nechaew . , AgarTaer restri al Rel ati onshi ps: PeakAstronf Neutr
Vesmik,vol. 34,pp.173176,2000.

Wu, X., Mao, W. and Huangy.,i Ast r onomi c al t i Rfagress m Astronengyol. L1y py.d5<54,2001,



Yamauchi, T., Maekawa, S., Horie, T., Hayakawa, M., and Soloviev, O.: Subionospheric VLF/LF monitoring of ionospheratipagtc the 2004 Mid
Niigata earthquake and their structure and dynamics, J. Atmos:t8aldPhys., 69, 79802, 2007.

Zakrzhevskaya, N.A., and G.A. Sobolev, 20@" the seismicity effect of magnetic storrRéiys. Solid Earth, Russian Acad. c3-15 (in Russian).

Figure captions:

Figure 1 An overview of the magnitude of strong (M>6) earthquakes (top panel), agsviihe series of (Bours) geomagnetic Kp
index (middle panel) and-Bours averaged solar wind speed (bottom panel) for time intBioamber 23 to December 28,

2004.A correlation between solar wind and Kp index values increases with occurrenomngf&&Ds is evideriy arrows
Figure 2 ad: Kp, gKp, SwV, gBwV as a function of time (daily time scale)
Figure 3 ad: Kp, gKp, SwV,gBwV as a function of time (3 hourly time scale)

Figure 4 a,b,c Earthquake Magnitudes, Kp agalfp in the time interval between 23/11/2004 and 31/12/2004 (daily ai&@rKp

reaches a local maximuexactlybefore or at the day of an earthquake occurrence.
Figure 5 a,h Earthquake magnitudes and peak Kp variances that occurs before earthquakes.
Figure 6 a,b Earthquake magnitudes and significant p&kV varianceshat occurs before earthquakes.

Figure 7 Solar wind magnetic field and solar wind data suggesting that the high speed solar wind streams were duegonteratiion

regions (CIRs) incident on the earthés magnetosphere

Figure 8. The sitesof strong (>6.8) earthqualapicenter®occurredoetweer23/11/2004 and 31/12/2004



Tables

Table 1 : Dates, Kp values and calculated Kp Sipe#i) before every earthquake in the time period between 23/11/2004 and 31/12/2004 (daily

intervals) .
Tale 2: Earthquakes, Dates, magnitudes and Kp Slopes for the time period between 23/11/2004 and 3/1/2005

Table 3: Table of the time intervals between the time of the max Kp and the occurrence of the earthquake. On, #&Emaggimum precedes an

earthquakeby 36 hours
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