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On the spatial-temporal characteristics of ionospheric parameters
before Wenchuan earthquake with the MPI method
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Abstract  During the acceleration failure stage before earthquakes, electromagnetic signals
radiate in the rupture processes of crustal rocks and the anomalous signals can be retrieved for
studying the seismogenic and earthquake rupture processes and used for earthquake prevention
and disaster reduction. The modified PI (Modified Pattern Informatics, MPI) method is proposed
and used to retrieve the spatial-temporal characteristic information of ionospheric parameters

before the Wenchuan earthquake. By comparing the electromagnetic images of DEMETER before
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and after processing with MPI method, it is found that the original images have seasonal and

spatial trends which shadow the meaningful information related to earthquakes; while the satellite

data were processed with the MPI method, significant anomalies of ionospheric parameters were

found before the Wenchuan earthquake. Conclusively, the MPI is effective in retrieving the

precursor information of strong earthquakes through eliminating the background trends and

highlighting significant short-term variations.
Keywords
pattern, Wenchuan Earthquake
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Fig. 1

Sketch map showing the spatial and temporal grids"
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(a) Sketch map of spatial grids. The value at x; is the average of the values of the grid in gray centered at x; and

the eight neighbor grids (the region with dashed lines); (b) Sketch map of temporal grids.

Horpr, (TG o0y R TG RS TE ¢ B 200 1l 52 305 3y ik i
R IE s 0 (e, o) JETITA MRS TE ¢ B 20 1O 7R TG
B B oK I b v D 25 . 2R T R o R R R A
ZZERFNW A N HUR TS S R R 5
ALty sty ot) = 1,(ty00,) — 1(ty0t,). (3)
Ry Y98 M AR T Bl BEAIL b 3l B I R SR
P A R b 52 58 BT BR AL AL (1, 510 52 347840
1

1 — to,

Ali(to o 1 ﬂfz) =

DALyt o). (4

bl

() 2k AT A SO 350 R o i R8 k2B TR 5
i ARG N O BE R R B P (4o 0ty 02, » BV Hb 52 55 B oK)
BT 22 B T
Pi(ty sty 5t) = AL (1,511 517 (5)
B Ja P AR A8 T 52 R A AE AR A RS N R
B8 4 Ry 12 O AR 1 ARE 3R 0 25 BT A IO A HEE 23R 114 - 2 (L
AP;(ty sty 51:) = Pi(Ly oty 58:) — (P (g oty 52,) ) 5 (6)
Horp, (P (o sty 1)) IR AR K FRAE AR 1) P 244
XEF AP (o oty 212 = 0 B RIRSELIBCR HDO L B
AP (ty oty ot,) = IgAP; (Lo oty 5t5) s 7
X LA B A B T W, DLBA E AR
X, 3 F) F ROC(Receiver Operating Characteristic, 22
WO B AR SRR AR 5k S I T A Bt H R kAR
BLET L FE MR S, — B TN 0 g HAth s
(B (B Ay O, T BT A7 114 225 ) X A% A 7 o 25 (1] 13
DA, Fe 2 8 T HA EE I Mg Gl IXD L B AP, (4,
tysty) =0 A% Chb X i 44 PR CRE I DX IR
FE o B ¢ BT BE N, [R) s 2 R R SR UL
oW R M; DL B RR  Horh My = M. + 2.
2.2 ATHHIERNEZELRLERN MPILFiE
H T L T AL TR L 5 I S R RIS
AT IRAT I S A5 B AR R RIHED L R gl

(1) PT J5 W7 S HEAT W N B0 A R A R0 T B B 25
B R ARREEE:

(1) BIgEr [ 55 N, (o B BN 2 ¥ i
S5 A Lh B a3 A) b B R s 0 & 1a) o1 4
R Ao T SR T 5 48 R 58 R AR A A B A A

(2) BETFTE MBI FHERS " ST
BEHEZES RS HAAES AR RATHROE A
KOO WP LI KRB P (1,0 ,1) =
et RS B A LR s H A R
AERE /AN o DT AT L2 380 5 1 i il 5 i R AR S 58
T AR A A RS R AR R

(3) R shZs v LA AL B fi) kAR L i) mT
Xof EePE [ B SCRE T B R T ) A (AN S8 A . L
NI S a0 SN E RO R Q[ B sl = B
07 2 A & 20 (2) i 23k 14 B[] B0 T 1 05— A6
DI BR S M35 5y 22 5. BRI A UM
TR — A7 s R 5 S AN ] XA v LAFE
TH B B 23 A8 AT 55 e 4 [) Bsf 2 ) 109 A28 Ak B 45

(4 B2 27 iy w80 2 2s [a){E
T (50 (A8 46 o T2 B O 2 W 1) 34 2 11 L £k AR Ak 11 i
Ik 2 (| Ak b B A B 20 14 43 ) R 0 LA B0 Y
AL e 5

(5) L[ o B B JR) 6 B A 2 ] 25 K 1 Bl O
2 TB A MPT B 25 B 508 (R 7 iR 2 i, T
FEF B T8RO T o A8 Akt # i [ B, SURe S B 3
A5 20 ) B 2 1 AR Ak AR B H AR FE SR SR AL
T A& ORI WL ZE AT RE A7 TE 1Y 3059 S R AR AR L.
2.3 ETF MPI AR BT EN N & # 0 E—R

TR

MPT J5 i 40 B AL % 10 A2 BEORE B LR D BRANE -



2448 H Bk ¥ B % R (Chinese J. Geophys. ) 54 ¥

(1) M\¥:E DEMETER T2 042 B g T
S URIINA S

(2) Hf 2 v R DL B s 0 o o 4, R A7 DU 4 it
75 A 4 5

(3) T H % T 5 BCH 0 S B AL R L 1
FIE MG A s

(4) e BE DY 4 B 23 ) A AT S8 1 B E 5 B
B 25 3 Ak B 15 5

(5) HEAT A PR B 25 i (8, R W] BB R &2 P8 i
JRG B R R — S i R — i B SR A (R)E L
Y, REE R — 0 R TR E AT JE A LA
118 2l 25 43 A R s R (B AT BB S A L IS 9 T BE T AH
A LE A% T T RE /DN 5

(6) G I E MPI Jr ik i 5 4k 3 i /5 2 ) —
S ME KA K

(7) XI5 AE I 25 R 0 i sh b 21, B B MPT i
S S A AL KL

(8) XF 4R A5 1 MPT B 25 8l 25 Ak R 1) R 5
G3H.

H

3 MPT Jy 3k AE B0 K M= A L & )=
I 2 S P R

3.1 %E DEMETER EB# I E

7 DEMETER Hifif T2 &2 ERE — WL 1]
FHF b 52 B0 A 5% 0 B HF 2004 4F 6 H 29 H
R TEAS % TR B AT K AR S 1 R R $UE L
£ 98. 23°, B 660 km. TV B A SR 17 40 45 8
KW I AMSC) | HL S M (ICED | 55 8 14 43
AL (TAP) | B2 /R 8 F (ISL) Hil 55 RE 1~ 44 10 X

(IDP) , HCH4 2800 ro g O 351 H k8 £ . — s
T M2 HTIE SR o BT A R R LT
T A o R L 2 i

HAET B TiE R R 2o R EH A S
3oy 55 P9 RF LR R | [ R B R S ] oK Y R O 4 ek
MIFFEZAT. W 4y 4 7 DEMETER H % T & U
DK 4 7 b 52 B2 O 18 1% 1 T AF 9. 3 A R v a
IR 58 2 W], A2 AT A0 R B 2 TR SR
TE R ML 5% 50 Y N ] PN A P B AR AR P
25 [ X g e
3.2 AR LB EENN R I ER =3

SELER®

JE LIk E] 2008 4E 5 F 12 H 14 W) 28 /3 7EH [H
PO 48 B B (31, 00°N, 103, 40°E) k4 T M.8. 0
WM T RIREE N 14 km. 845 N1E. B FH A D%
AT THAT I U K ML RE ) R AL R )2 A
RSl T 2 e B LR R R DL KRR R )2 R R AT
TWAWRG MG A I, T ATTHE T MPI
BOR AT R E B U L IR 3 ) LR
AN Z 5, 43 B 01 K M 7R BT H S )2 Y B 7S )
A AL FRAE.

AL 2008 4£ 1 J1 1 H & 2008 4F 6 J] 23
H Z (8] A W0 00 5k 18] 2 0% 2008 4F 1 H HLF IR BE 1Y
25 [8) 43 A R, T LUE Hh TR i3 47 03B B8 B i o
s TR AR ME A H R A A b B A5 B 7S
B R 22 HiT FRATTHE IR B F0AS B E 1 00 0 % R}
HEAT T IR AR TR 12 AT R R A EILIE 23 A R AE
FH B U2 LN % R E AT B L 25 SR REL S 22 RO H R
B B0 i I (B SRAE [R] B O 1 K. 7R 25 6] J7 T LA
K MR RE A 5T G L SR 207 X 20° 1Y 2 [] 1 3

40°N

e 'u_.l‘.: DA {

20°5 {55l

40°84 %"

L 14000
At {3500

adi'd ;‘t
\ Soel | 13000
L 42500

2000

1500

1000

500

0

]
0° 20°E  40°E  60°E

Il
80°E 100°E 120°E 140°E 160°E 180°E

B2 2008 4 1 H 4 L3l A I 2= P 450 £

Fig. 2 The spatial-temporal image of electron temperature in January, 2008
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Fig. 3 The spatial-temporal variation images of original electron density and related images processed

by the MPI method with different moving periods before the Wenchuan earthquake
(a) The spatial-temporal variation images of original electron density; (b) The spatial-temporal variation images with the period of t,-t1 =
15 days; (c¢) The spatial-temporal variation images with the period of the ;-1 =20 days; (d) The spatial-temporal variation images with

the period of the t;-t1 =25 days. The figures in blue are shown for the lacking of observed data.
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Fig.4 Same as Fig. 3. but for the original ion density
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Fig. 5 Same as Fig. 3, but for the original electron temperature
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