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Abstract The study of the ionospheric disturbances prior to the occurrence of large earthquakes

has attracted much attention for many years. However, until recently, the physical mechanism

of seismo-ionospheric coupling is not fully understood. A strong perturbation of vertical electric

field may take place within the epicentral zone a few days before strong earthquakes, which can

penetrate into ionosphere through atmospheric conductivity. Acoustic gravity waves may be resulted

from the non-stationary Joule heating of a local region above the epicentral zone of an imminent

earthquake due to the anomalous electric field. Based on this mechanism and one-dimensional time
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physical model of ionosphere, the effect of acoustic gravity waves on ionosphere was calculated,

which showed that the disturbance of horizontal neutral speed was too weak to have obvious effect

on the ionosphere. This mechanism can not well interpret the ionospheric phenomena prior to strong

earthquakes. Nevertheless, the electric field might modify ionospheric dynamic and electron density

distribution through the effect of E × B.

Key words Anomalous electric field, Earthquake, Acoustic gravity waves, Ionosphere

0#"#

A$ Barnes[1] %$ 1964 �&!%"'(B�
)#*&+ ,$'$!, %(&)CD"*(B)
#*�E+F'(),*. -G#B.-./0H
", $%1B�)#*&+ ,+F.&'I2(
) [2−3]. /+3*, #B�+0,)#*4+Æ,
-5 100% [4]. -6, .�(B)#*�E.1)(
),*/-7*8223.9.

1().,*4/*05+123:6, 40-
5.J;6J<17.2K=3(B)#*L7()
,*M.)8K894. 1992 � Liperovsky > [5]

N?, (B)#*&+ ,-5392K=:6..

9*(:.;O<P,(B:6.K"Q@=A->
AH"6H".B�R;Q@<?7=(>?B'8
*, C92K=. 2K=@@MA:SB)#*>#
SC:TL7, A5;DB)#*, <E)#*%9
&+ ,. -C, ';,*F=/D2K=)>GA
DG;(E?B�)#*&+ ,$' [6−8]. (B
ÆU@2K=VC9(W:6AFH.XE. B3(
3Q,C9K"=, CDGQ,FGH', G*IE,

-6FGHIJ;Y1. Pulinets> [9] N?, 2K=
HIDJ@JMKBM*KIAJALMAKLL
DM'FKLM@J.>?, HNDB)#*>A,

ONLE?B�)#*&+ ,.ZN+F. [\
]/DDJM+OP,:6)#*>A1(BÆU@
(3N%2K=.?F,%$9*^_BLDM.>
?, )#*>A2K= ,=AOM 10−6 ;P [10].

Hegai > [11] &M, B�)#*>A.&+)Q,

@@RNO.QSRT"L-L`)#*>AN%
2K=, 06>?)#*)SPA:U. -P/DG
)>, 27)QQÆMR)#*1)17, Æ>/D
G(WE?B�)#*&+.-5A.

1#VSWTXSYVZ

U[Ra\VS

J;3*,#B�(BÆU@(3]C)Q&+
H",-L5B 1000V·m−1,bMTW'8)Q. 10

^. H#.(3)Q-L@@'8)MUDJB)
#*>A. Kim > [12] 1V%$, _TB)#*>
A.&+)Q-L5B 1mV·m−1 cU, B';.
B�VWJ;dW:623XX. _TB)#*>
A.&+)Q-L@@RTRNOQS"L, N%2
K=.

9X(Y'83)Y.>I8C,`Z4aYK
b`. R.)Y.[ZZ, '8-L\MK"QM:
*.]C, RT"L-L:6'8 ,. cQ4 [13]

D0ρ

Dt
+ ρ∇ · V = 0,

ρ
DV

Dt
− ρg + ∇P = 0,

D

Dt
(pρ−γ) = (γ − 1)ρ(1−γ)S. (1)

FM, D/Dt = ∂/∂t + (V · ∇), ρ MPA, p M'8[
#, V M\A, g MK""\A, γ = 1.4 M'8dL.

e] ,Q,PA6[# [ρ0(z), p0(z)] ∝ exp(−z/H),

R[ z M>A, H = p0/(ρ0g) M'8f>. :) ,
^ V ′, ρ′ = (ρ − ρ0)/ρ0 6 p′ = (p − p0)/p0, _A,
^ (1) C, 4

∂ρ′

∂t
− V ′

z/H + ∇ · V ′ = 0,

∂V ′

∂t
+ gH∇p′ + (p′ − ρ′)g = 0,

∂p′

∂t
− V ′

z/H + γ∇ · V ′ = (γ − 1)S/(gH). (2)

^M, V ′
z M ,\A]C:;.



438 Chin. J. Space Sci. ������ 2013, 33(4)

)#* Pedersen )MU σP ->A:U\=
M σP = σP0s(z), FM, s(z) :UM⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

0, z � z1;

exp(−z/2H)− exp(−z1/2H)
exp(−z2/2H) − exp(−z1/2H)

, z1 � z � z2;

1, z2 � z � z3;

exp(−z/2H)− exp(−z4/2H)
exp(−z3/2H) − exp(−z4/2H)

, z3 � z � z4;

0, z � z4.
(3)

cQ, RTQS"LV S -L3_M

S = D exp(−α2
rr

2)s(z)/ρ0(z). (4)

FM, D = σP0 ·E2, 1/αr M"L@egA. )Q#A
9XM]``h`^, iAM T . af

1/(αrRL) � 1, |z4 − z1|/RL � 1,

(z − z1,4)2/R2
L � 1, RL = [r2 + (z − z0)2]0.5,

z1 � z0 � z4

a^Z, OJg4BZE6E`^:

p′ ≈
{

PL(r, z, t), tL + Terr < t � tL + T ;

PL(r, z, t) − PL(r, z, t − T ), t � Terr + T.
(5)

FM, Terr ≈ 21/2τg/π, τg = 2π/ωg, PL(r, z, t) M2K
=:6.X1[# ,.

X1[# , PL(r, z, t) M

PL(r, z, t) =
A

tL

exp(z/2H)
(x2 − 1)1/2

·

[
αzd

∫d2

d1

J0(y)dy + αzu

∫u2

u1

J0(y)dy

]
.

(6)

FM, J0 Mb. Bessel M+,

A = − D

α2
rH

2

1
8g2

exp(z0/H)
ρ0(z0)

,

αzd = 1/[exp(−z2/2H) − exp(−z1/2H)],

αzu = 1/[exp(−z3/2H) − exp(−z4/2H)],

d1 = ωg(x2 − 1)1/2(z − z2)/cL,

d2 = ωg(x2 − 1)1/2(z − z1)/cL,

u1 = ωg(x2 − 1)1/2(z − z4)/cL,

u2 = ωg(x2 − 1)1/2(z − z3)/cL,

x = t/tL, tL = RL/cL, cL = ωgc/ωa,

R[, ωg = [(γ−1)g/(γH)]0.5 M Brunt-VäisäläcU,
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Fig. 1 Oscillations of the relative pressure at the height

of 400 km at different distance r
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