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Abstract Based on the data of French DEMETER satellite, we attempt to make a statistical
analysis of variations of electron density before 37 M,=7.0 earthquakes in the world during
January 2005 to December 2009. The orbits, recorded in local nighttime by the satellite, were
chosen by a range of longitude 20 degree and latitude 15 degree during the 9 days around these
earthquakes, with 7 days before and 1 day after. Among the 37 earthquakes, electron density
perturbations were detected before 19 events, accounting for nearly 51% of the total. The
anomalies represent positive before 18 events and occurred mostly within 1~ 6 days before the
shocks, part of which appeared more than one time. It is more easily to observe the electron

density disturbance around the equatorial and low-latitude regions than high latitudes. The

EETE R E R A 0 CSESC [ 7% v B T8 -0 % — WIBF” (2009DFA21480) % B,
EE B EAR . R 1986 452, 2013 45 6 1 bl T ot (5 MO 5 M R 5 97 - M- 2 . B0 £ o (517 00 K2 CHE ) M BR A2 15 B R 2%
W 1 2 2 B DA 2 L 35 6 M WL R 507 T 60 BF 55+ E-mail s ahuyanxiang@ gmail. com



2 1A = AHAH % . F| FH DEMETER T 28RS 28k M, =7, 0 B 2 i TR ER & 365

disturbance amplitude presents a positive correlation with the magnitude of earthquakes basically,

while the depth of earthquakes does not show significant relationship with the perturbation. It is

noted that before several events, the anomalies were likely associated with the combined effect of

earthquakes and geomagnetic activity and revealed a higher disturbance level. As the seismo-

ionospheric coupling process is complex, it is necessary to conduct more observations of multi-

parameters on the ground, in the atmosphere and ionosphere synchronously.
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Fig. 1 Epicenter distribution of the selected 37 earthquakes with a magnitude above 7. 0 during January 2005 to December 2009

Blue circles represent the events with electron density perturbations while the red circles indicate the events without the disturbance.
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T RS, X 5 GG S RRZ B R e
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al. ,2004). — P J2 W 14 B M R T BLCE RAR E

JE VT TR AR T 1 BRI DR T —
GIPEL IR S/ I DN Yy 5 D SR (R S R L
PR RS 5 SRS U M W 20 ) A%
20t m R R ARG )2 B ik TR AR S — PR R
7 PR 0 W 7 R A R G B R+ 2004) . iy T 1 4%
TE A LT LR 25 25 82 ) — 5 ThT 2 S B DX M
B R P X —RE VI B AE Ry 26 0 45 M X2 1) AR O
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JE . B u ) # 2R DEMETER T & By Wi 25 5, =/ N
3.3 EOIZITSER ANE LA T B R 4 R WF 5T (Zhang et al. , 2009;

ST L 37 AR FA O 5 R I S g A
19 IR AR RAE R 1 P GEEBED. 321 H
FEEL AR T 5= wf ) CHE R D R (M) |
R E CE, N GREIERIE (km) L 7% B[] (AT |
SHEEE CECN) S H E B (5 ANe/Ne Fl
ANe) LI J Dst $885. 855K 8w . 19 A wi s 8L T
B U VR R S B G T A R
PR 51 %0 5 o S8 s BLAE bR A S A 3 14 A,
HELFERR G A 5 YK 5 HL MR B S B3 o B 42 11
PG 18 A HUA B b R 1T A BE T HL W B AR 1Y

Akhoondzadeh et al. ,2010; [Z FH4H%E,2012; Yan et
al. ,2013) , #F B B 45 1 T 501 #b 58 1if DEMETER
DA TR EEE PRI IS, 53A]
TR A5 R AR — B0 TR A P BCAR.

Z5E 1 5R T ERATHLER 2008 £ 7 J 5 H
M., 7.7 MR A B S W = R K AR AR A B 4071
WL RN E20° N G 2 TE T A i = b A7 1K
TRUFHLRE (5300 km) 5 O JLEE (70~300 km)
ZHRCNERIEHLE (0~70 km) , 11 22 I8 IR & X L T3k
JE 0 3 i B2 %) 52 e O S W 5 468 K 43 S b R AR

*x1

#| F DEMETER B E#4E 5 #2005 &£ 1 A 1 HZ 2009 £ 12 A 31 H
EK3ITIMIMIOFREULHEREERBFRERERITE

Table 1 Summary of anomalous information in electron density related
to strong earthquakes during January 2005 to December 2009
. , .. - e 5
H i 8] R G /CE) HE/CN) IR AT SR/, SWIHE 7o e Dst
23S Zh 2 . /£ . (ANe/Ne) ANe .
E-JI-H s o3 B w /km 7R /4B Ei=E 14
/100% /10%em ™3
—20 min 91°E—97°E  10°N—22°N 1~2.6 2~3.7 —16
2005-03-28 16:09:36.53 8.6 97.108 2.085 30.0
—3 day 98°E—106°E 8°N—25°N 1.5~2.8 3~4.4 —21
2005-08-16 02:46:28.40 7.2 142.039 38. 276 36.0 +1day 157°E—161°E 34°N—45°N  0.2~0.4 0.3~0.6 —6
+1.5h 281°E—284°E 5°S—22°S 1.5~2 2~3 —23
—2day 300°E—306°E 1°S—17°S 0.8~1.2 1.5~3 —24
2005-09-26 01:55:37.67 7.5 —76.398 —5.678 115.0
—3day 286°E—293°E  0°—25°S 1.5~2.5 2.5~4 —18
—4day 270°E—280°E 6°S—24°S 2~3 3.5~5 —22
2007-01-21 11:27:45.06 7.5 126.282 1. 065 22.0 —5day 126°E—132°E  6°S—6°N 0.3~0.6 1~2 —3
2007-08-01 17:08:51.40 7.2 167.680 —15.595 120.0 —2day 178°E—181°E 2°S—14°S 0.4~0.9 0.5~1.3 —16
2007-08-15 23:40:57.89 8.0 —76.603 —13.386 39.0 —5day 288°E—292°E 12°S—2°N 0.4~0.7 0.5~1.2 0
—4day 169°E—173°E 5°S—15°S 0.5~1 1~1.5 —2
2007-09-02 01:05:18.15 7.2 165.762 —11.610 35.0
—6day 182°E—186°E  0°—10°S 0.5~1.3 1.5~3 —3
—1lday 91°E—95°E  3°S—10°N 1~1.5 1~1.5 —1
2007-09-12 11:10:26.83 8.5 101. 367 —4.438 34
—5day 96°E—101°E  2°S—10°N 0.5~1 1 —13
2007-09-28 13:38:57.88 7.5 142.668 22.013 260.0 —4day 137°E—145°E 5°S—20°N 1~2 1.5~2.5 —5
2007-11-14 15:40:50.53 7.7 —69.890 —22.247 40. 0 —1lday 296°E—302°E 2°S—20°S 0.5~1 1~1.5 —13
2007-11-29 19:00:20.42 7.4 —61.274  14.944 156.0 —5day 307°E—309°E 5°N—8°N 0.5~1 1~2 —29
—1lday 88°E—92°E 16°N—22°N  0.4~0.5 —0.4~—0.8 7
2008-05-12 06:28:01.57 7.9 103.322 31.002 19.0  —2day 118°E—122°E 12°N—23°N  0.5~0.6 —1~—1.5 5
—3day 102°E—105°E 16°N—20°N  0.4~0.6 —0.5~—1 —6
2008-07-05 02:12:04.48 7.7 152.886 53. 882 632.8 +9h 152°E—160°E 37°N—51°N  0.2~0. 45 0.4~0.7 2
2008-07-19 02:39:28.70 7.0 142.214 37.552 22.0 +11h 147°E—157°E 23°N—47°N  0.4~0.8 0.6~1.1 1
2009-02-11 17:34:50.49 7.2 126. 387 3. 886 20.0 —5day 130°E—136°E 58°N—10°N  0.2~0.4 0.5~1 —2
2009-05-28 08:24:46.56 7.3 —86.217 16. 731 19.0 —5day 285°E—288°E 25°N—29°N  0.5~0.7 0.5~0.8 —1
2009-09-29 17:48:10.99 8.1 —172.095 —15.489 18.0 —5day 190°E—196°E 14°S—6°N 1~1.5 2~2.8 2
2009-09-30 10:16:09.25 7.6 99. 867 —0.72 81.0 +1day 112°E—118°E 4°S—15°N 1.5~2 2~2.9 —3
2009-10-07 22:03:14.47 7.7 166.510 —13.006 45.0 —2day 182°E—187°E  3°S—9°S 1.5~2 2~3 —2
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152005 45 9 H A BH RN M 715 ol K F 48 B8R 9
H 22~26 H Dst 8 8% A ik 8 KATHR & W
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SRy 3 B H - e RE G B R RE A7 B T b S S AR Y
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XF EE RN A & F 98 45 R He 45 (201D F1]
DEMETER L& ISL #fif 48 it 43 #r 1 2006—2009
AT 43K 5 G LA I b 7R A H S VR B R AR
b o K B HL TR R AR AR b B B R R 4R R
Wi & 7% Z0 1 3G KN 5 5 Li 58 (2012) Fl Parrot 4§
(2012)3%F DEMETER T & TAP 2k fif BHE % 7% fi
BB (NO BTGt i 5 B 88 1R EE 4 3l
()4 DA 5 Ry L Bl i 5 R R /N A AE IE A
% T HL 2 B B8 - VA B2 410 3 1) AR 81 LA Vg b 7R
J& 225 XU RS (2013) X E N Ms6. 0 9% LA 1 M 7= i 79
FEE RS8R gt o g R R S I E
1~7 K. 58 ] BE H BLAE 52 R AR VS L i L 22 1)
WA ERTS. DL E45 e 5 A SCAT R 45 R — B
AR ER 2, He 2 (2011) M BT 55 45 95 B 7
B S B DXCBRAE b 2 BR ) AU A B8 L 7E S 2 BR ) R IR
B T AR SCHF 5% 45 S5 W) 35 BH 0L 00 81 7 L R R S R

IXTELBE F#f R B i 2y 5°~10° 447 . 3 HAE &
245 Hby IX 1] % 38 7 16 i 73X 5 A R DXUOR Y AR H
WG S AE R RZ 8 )2 T 9 4% 3% 5% 12 (Pulinets et
al. »2004 ; 3% B 48, 2004) J&— 3 14,

SRR 2 R 1 R b AT R S R R T
W HE SR LS A WE 7 F AT BN AT T T T R ik
54 7 HIT AT RE - 2 B 2 A Uk R A AL B R

TESR R B R v, 2252 X s A 2 BN )
BT &R 25 4 A5 T8, AT DL 7= A2 L A o7 2R 1A
(positive holes) 1 HL . T iX ' p-holes K 1 7 i 1
S, kAL B 2 JE A s R b O Bk SR
(Freund et al., 2004; Takeuchi et al., 2006).
TEME R KA O, =0, " +e VAT I B — A~ 1E /Y 3 1
HL gl # R e bR B SR Y E R J L JF
HRA)ZFEN B 2. AL 3 B )2 = s
Y EXNBEETEEPMIEN, —fi2 EXBIE
BAEH (Kuo et al. , 2011), 53 — Ff & & 75 & i
(acoustic gravity waves, AGW) T S E i & 2451k
(Hegai et al. ,2006). —J5 1 . YL 2 H1L 3715 335 3| L &5
BrEG. S IERMER EXBIEE. K H
Wl EXB - Fisg. gl Ew s EReE.
WA {1 %8 3 1 . V4 1) HL 37 I, W) EXB 5[] ] L H
292 A U5 {8 %% B Rl /D, i DL X AS (] DX 1
2 [ — 3 5% F0 A [ ) 221 52 i Pl 8 U2 Pl Ik B T
HH L IE S o AT RE B B SR R Kuo 45 (2011) 315
o 2 R W 2 oA A L N 0. 2~10 pA/m’
JIT 7 AR T e H A ) LA R F R )2 T U R R AR
JEIR 200 ~2500. 5 — 5 1T . He 3l i 37 7 o S v
% AGW (Liperovsky et al. ,1992), 724 KX &
G EOE 7 I ) s R o A B o) I A W A o A ) B
T AL T AR JROT R 2 WA R R R e R T 1Y 1K
A5, EE 7 F) . DEMETER T2 #H & ) 660 km.
AbF B2 WA DL B Ctopside) o R A7 1 & ) 7
WP SZ B LB 2 EXB BRI 5 T & il W 25
FEAE—E 1 22 5 X Wi i T =i DEMETER TR
ML 2 i v, 1R 5 GPS WL A TEC #7428 4k 45 F
FAAE—E B 5 [F).

AT R AR R I R K 2 R A TR B
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Fig. 9 (a) Scatter diagrams of electron density in the world on July 5. 2008;
(b) Electron density curve along the orbit 21430-1
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Fig. 10 (a) Frequency of electron density anomalies; (b) Correlation between magnitude of earthquakes and

disturbance amplitude of electron density; (c) spatial distribution of electron density anomalies
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