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Electromagentic Phenomena Associated with Earthquakes

Masashi Hayakawa

Abstract

There have been accumulated a lot of evidences on the presences of electromagnetic phenomena

associated with earthquakes. This report reviews these seismo-electromagnetic phenomena taking
place not only in the lithosphere, but also in the atmosphere and ionosphere. Observational results

and also theoretical hypotheses are presented, and we finally suggest the importance of a new

science field, "Lithosphere-atmosphere-ionosphre coupling".

1. bDOooooooo

ooooooooo,0oob0co0obooO0oo0o,01000
ooooooooooocoo,020000000000

cboooboooboobobooobooooooooooon

ooo,0300ooooooooooooooooon
gbobooooboobobobobooooogoo
gooooooooo,obbbbbbbiboooooo
gobooooboo,0oobobooobbogobbgon
g,ogbobobobboooo,ooobobbbboooooo
gooooobooooo,booobbogoobobgoon
gogooooooooooobbbbbbobobo,00o
goobbomobbogoooooboo,booo,ubon
goooooo,oobbobobobboobobobooooog
g,0b0o0obobooooboooobog bobooo
gobooboobbuooboobobooboobooo
gooboo,0boboobooooogon

2. 0bobgooooo

goboooooooooooooboooooooon
ooooooloopooooom1ooooooooo
coboobooocoboobobooooobOoboooog

g0oo0ooopoOoooOooOooz2ogoooogoogon
gboboboboooogoooboboboboooo
gobooobooboobbooboobboobd
gboboboboooooooboboboboooo
ooooOo3ooooooooooooooooon
gobobobobooooooooboboboboooo
0O0o4000000000000000000000O
goboboboboooooooboobobobooooo
gogoooobooboobbooboobobooobdg

i

o ~10° ~10Hz
" n

ERSRSR O

3~30kHz  30~300kHz RS
+ + + } '

'
. DC(E75) ULF ELF Vi

MF HF
RiTAER SIU4 i (MH2)

LF LF
1.EBRDS VAN UL AE
EEHER Y7 s ov7 KEl
e o7 =23 E
HE HEsen) 5%

2FMBiERE

=
]
X s
L VLFER| Vrza) maLs B E5
(2 X 1ietc) oRE FFVEoOBE 8 B35
(%, 097) (507 K (E8) i
3ATHETOBM ULF/ELF/VLE DY 7, {hH, KB, BF
R —
AUE-MYYYYE -

Bz e s

01 0Oooooooooooboo

Table 1 Classification of observation methods of
seismo - electromagnetic phenomena
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Fig.1 Temporal evolution of LF radio noise (81kHz)
associated with an earthquake.
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Table 2 Summary of ULF emissions accosicated with

large earthquakes.
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Fig.2 Temporal evolution of ULF emissions (0.01Hz)
for the Loma-Prieta earthquake.
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Fig.3 Temporal evolution of ULF activity and
geomagnetic activity for the Guam earthquake.
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Fig. 4 Temporal evolution of ULF polarization (Z/H)
(at 0.01Hz)for the Guam earthquake.
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Fig.6 Relationship between the earthquake time and
observationtime of anomalous radio emissions.
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Fig. 7 Schematic illustration on the VLF subionospheric
propagation anomaly due to the seismo-
ionospheric perturebation.
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