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2. R AR SRy i FE N S T, dE BT 100085,
3. KRAb KA WIS R TREABE, LFH 110819
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PEATHORE S AT SRR, SO 38 S MR S WP FE R o AR SCIUAR BB T 2008 4 101 R LK
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LIPS SURITOIRE e

REER: DOIMGE, wEESHE, SRR, RO, 2R
SIAtE: U, R, B, AL R, B MG, BRaA , BB AR 2020, 31| A ET £ B R 50— I8 B B B R LR

ZTREME . BRF IR, 24(6) : 681-700

He M, Wu L X, Cui J, Wang W, Qi Y, Mao W F, Miao Z L, Chen B Y and Shen X H. 2020. Remote sensing
anomalies of multiple geospheres before the Wenchuan earthquake and its spatiotemporal correlations. Journal of
Remote Sensing ( Chinese) ,24(6) : 681-700[ DOI: 10.11834/jrs.20200059 ]

T

Hh R SR AT NG ™ BN ) R %
KAk A Bk g F 2 —, HEF M RA R R
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5RO F- B (R mT W% . 2r4h. k. mok
T 26 R BEE), RBCEER
SR AR A R, B T R NS B
W K MR AR Y (XU s 4%, 1997; HhEEA
B EE 2000; Ouzounov Fll Freund, 2004; 5KJcA:
4 2004; SENTHTZE, 2008, 2018; WuZE, 2012a,
2012b; Maeda Fl Takano, 2009; £ J#k %5, 2009;
Singh & 2010; Zhang 1 Shen, 2011; REW &,
2011; #%7%, 2011; Tramutoli %, 2013; Qin %%,
2012, 2013; kB %, 2014; WEEGE %, 2016).

Jb T A} 2008-05-12 T 14:28, YU 1|45 1)1 B
(103.40°E, 31.01°N) &4 5E 2 Ms8.0 Z¢ 1) i Z b
=, IR 14 km (BRiZ 28, 2008). iZHiEA
ATEEEERL (BYKL) A Sy Je ] il vh
HEBEWT AT (LMSFs) I W8 i 3 40 K
PR, A7 R D e 5 D 1| 2 b b B A A X
DNNGEJG VLA, 75225 5 50 R R 18 & S a5
AT TERSE 8, WERFARIAE (2009a, 2009b) &
RN b 7% Hif 5 K DR 5 OLR - (Outgoing Longwave
Radiation) &4 7B ARk ; 223645 (2010) AHFF
78 T B 52 T 3R T #GE 5 SLHF (Surface
Latent Heat Flux ) S8 bR %, A p4 Kt
T2 WA 24w R SE T T O AT,
224X ZE (2009) X 58 T AR 5 1 36 1R
LST (Land Surface Temperature ) 574 JE4T T e Hk
My Mebm (2011) -5 T BOIHEE LST. OLR 5
SLHF 5 Z Rl OCFR o A 23 5160 4 e WL I 7
SEH AR B AT TR U gE (REEE 4E, 2009;
4k 55, 2016; Cuif¥, 2019),

Zi b, AN R T A AT
Koy, BETEERE, HAXIEmE
Pl 22 2 S S A B s OB L R AE B AL
PHALEI S, A R ABESE . T b B R i i 7
YA (IRRERZ, 2008), Xof B B K M 5 ER
B ¥ 43 AR A 101 M 7 22 B 2 B O R T R
GEor T FR A SE, UG LMSF's b 722 W ) i )
AEEE X, SRR R LR A o A
SEMA.

BE X b RE SR N, bR A BR ) B
FAEE, R T RS W XRS5 A i,
B 1 Bl — K ARl —HL 25 2 LAL (Lithosphere—

Atmosphere—Ionosphere ) ¥ 4 (Pulinets, 2009;
Pulinets 1 Ouzounov, 2011), MBI ZZE R
HuBR R S8 2 Pl 2 R 5 A i B0 722 5 0 STk
WuF (2012a, 2012b) WU MGEIEREFE, BB e
A — R Z ) Z a2 (g, 1,
KA VK RREAE) AR, kT IEE B A
Keas AL g v, AR w5 J2 0 AR R e A 7 A Y
TUNAE S (RBCRRST . RERUR . WIBURAE) 1)
AT S TR, A A AN AT AR R BB,
#EmsE T e AR — %R — KRAZE LCA
(Lithosphere—Coversphere—Atmosphere coupling) #
Gt XWX S, BB T B
TR A A Bl — 32— RAZE—H )2 LCAI
(Lithosphere—Coversphere—Atmosphere—lonosphere )
A HTEEEL, IR T AR R e S T AR 2
A2 (Contadakis 45, 2015; Wu %5, 2016;
Jing %%, 2019), WESE 72T LCATR A E IR =
2 P2 3 B S SO 2 # A L N EAILR Y AT
e BetE S A Rk,
ARSCLABNH5Z R ), RGP AL | Hi B
A E e 2 A 10T b 7 S R A0 SCHR L [l sty
NIRRT TE TR B 5 B RE i 2 Pl 2 18 S
IR AAFAE oA L A3 SCI I L s A
PRI 28R AE . DA, S SRR A ST 101 3t 7% 1 )%
ZZ i LCAL S L] SR IEHL B FR S 2%

2 SRR e
2.1 ki EE

PO MRS S 3 W08 SR 2, BUA T8 J%
MR L bk B AR A R R IR R ek
T ENINE KRR, . (1) B
W T ST EURA SRR
R, KR “HE R GE R 5 G
i, TR R T b 4 AR RE R R
3¢k ; (2) PA Wenchuan, anomaly/anomalous ,
precursor/precursory, remote sensing 3§ A 5 B ir] |
oy, DL H AR 55 % W land surface temperature, water
vapor, surface latent heat flux LN R, FE https:
/lwww.researchgate.net/ [2020—-03-06], https://www.
sciencedirect.com/ [2020-03-06] %5 Z K f 7244
RYEICCHR . A BESCHRAY bR, 4 2 e S 3R] v
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AT 45« 0| M R 2 )22 I e SRS [T L 23 ST 683

W BiRTR, (HHEIESCR A (R R A
P HEAT AR AL BE S TR AT 98 30) , T 2B 13
J HEAT BARJWTI

2.2 XHERTFEE

A PRUE BT 35 Y30 1 Ml o R S B AR T
B — B R R B A SCHR o 8 A 20 0 A e SRR
JIT 5 R S R N L DR X S B
FIT5 ik PRl WA B RE, LT &
1R P SCHEBRAH SESCHK «

(1) AR T Bk B 525 AR 5

(2) VORI H AR ;

(3) WLy B ST R A8 3 8 AR

(4) FHH—Z R WAAEFB (A SCHk

W, BRI AR A T, RRA
(5) S sV S EE R, AR
(6) IgRFHuTEESETNIERIES

(Ey &) Hmnisw (B3izh) muxtte, 4

SR WS MR A 55, R,

G BT R F 0 225 SCIRE 5 ] — DR 4 %
BT 5w TS R AE 2 18 30 (220 30)
s, WO B L e . L,
LA T 100 A% F AHCSCHE, R K 20 Mg RS
o RIS A G Y B T AT BT B )2 R
gy, WhHEZESD, RRZESE81, BEE
SR TA, R B RTR . B A HERAEE R
ML 1R,

®1 ZEERERFENNAUNSE BERERRESPHE

Table1 Observation parameters, data sources, and spatio—temporal resolutions corresponding to remote sensing anomalies

RS Hdf St g A SrHER mff) e a2
MODIS y= i 0.05°%0.05° 8d
MR % (LST, ST)
NCEP/NCAR reanalysis 1.875°%1.915° Id
T FE IR (MBT) (6.9—36.5 GHz) AMSR-E 5—50 km (5 BAHE) 1d
N FY-VISSR 5km 0.5h
2142 (IBT) (3.5—4.02 wm, 10.3—12.27 um)
MODIS 1 km 05d
NOAA 2.5°%2.5°;1°%1° 1d;0.54d
2
e NCEP/NCAR reanalysis 1.875°%1.915° 1d
S A P RS (OLR) (8.0—12.0 jum)
AIRS 1°x1° 05d
FY-VISSR 0.1°x0.1° 05h
Landsat 30 m 16 d
b5 % (NDVI) MODIS 250 m 8d
SPOT 1 km 10d
NCEP/NCAR reanalysis 1.875°%x1.915° 1d
KATE (AT)
AIRS 1°x1° 1d
2.5°x2.5°(C0,)
S (CBG: €0,.CO.CH,) AIRS 1°x1°(CO) 0.54d
1°x1°(CH,)
RO R KAJZ
IR EFRIE (AOD) MODIS 0.5°%0.5° 0.5d
Ztt = (LC) FY-VISSR 1250 m 0.5h
KAKE(AWY) MODIS 0.5°%0.5° 0.5d
MODIS 0.5°%0.5° 0.54d
T HAGE & (SLHF)
NCEP/NCAR reanalysis 1.875°%x1.915° 1d
B E i (TEC VTEC) IGS; GIM(JPL) 5°%2.5° 2h
F2 )23 COSMIC ; CHAMP TEPURE AT L — LB 2
HLTFURE B TS BT/ TR iR B YsEE DEMETER; CHAMP TEUR AL 0.54d
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3 2B RIS R A AR R

RIS €15 31O N I e 7 S N TN €
b P55 3 A TSR], A B A Bl R 5 A R S
WA RRPOTEZ 24, W IR BOR R |
ANRTTIE © AR SCHR A% [F] — 2 8 0 18 B 57 45
RAFAEZS, AW ERZEE. MTR—2EN
ZES ARG, AR SO A B 2R A R B, U
IR i R R B e S I R BRI

3.1 ERERREREH

(1) M LST (Land Surface Temperature) .
LST — fic 4 #h & K i T 10—20 em BYIRE, R H
MODIS %4} 7= i 8L NCEP F-0 M8t 4 (K skin
temperature), 200842 H 4R, AT 500 km 7 F
WEBZ R LST 3 T g, HLAR R FREE (]2
10 d AT (FEETRRET, 2009; KREAM %,
2016). 4 H, LST I JF DX AR 76 75 6 il AR 2% )
DU R B (B, 20115 RA&AME 45, 2016) .
47178, ZHRZRIEZ 100 km 7y LMSFs H BLEER
LST EFb; 4 H 18 H, WSSIFHA (FMT, 2017).
5H, BYKLHiBRMFHE RS (28R LST e |
RAGEARAE R ) SR TR X (R
=%, 2014), SH1H, LSTHI FTHEE, SH6H
Atk (Singh %%, 2010). SHSH, BUIP4 R X
IR LST % EJ; SH6—8H, M; =
Jo. WG REMR, BRBK BT (BRTF,
2008; YangﬂlMi, 2009; Wu %8, 2012a; Qin &
2013); 1fii LMSFs K H PG 0] s 30— 2% S 8 19 ST
i (BRI 45, 2013),

Zi b, ERI3AAFHBIMLST %, K&
FRWTT L2 | AR EFEER s S A LST %%
5 LMSFs FAHSCERS I, TE 54 X T i AR 3
GRS . LT LMSFs; Zai—, % .

(2) ZIAP5EH BT (Infrared Brightness Temper-
ature) o IBT 3 [ MODIS F1 FY-2C #) H 9 B A %
BHEE . 2006 4-—2008 46 H, BYKLHRAAKPHR
MZWIBT B& EFAHSR (ks %, 2013,
2015; B&V§ %, 2014). 3 A 178 H, HBEISKK
BB IBT - FH P51, HEiE 2—14 K AN % (BLR 4
&, 2008). 4 AJFUR, BrPPEALERITAS H B IBT
wOCEBA, 20125 #pHE 4, 2014; KEKE 55,

2015); 4 H10H, SHEIUEMEIE, HK4
5 LMSFs & 17 —3 (IEai#], 2012), 1fii LMSFs 7§
e S AR A KA . KIgEE TR, 4 H25H,
IBT L FHik35 K, I8k H 25 HJK (Zhang 55,
2010b), 4 H22 H—S H 4 H, H#&EE A% HH
KAAWRIBT LA %% (Ra0H 58, 2008). 5H
7H, IBTS#RERK (EuF], 2012; K%
&5, 2013),

25 [, 20064ET 4, BYKL iy IBT 2812 |-
Jt. 2008 4E3 H, LMSFs #i X Y IBT |- Tt 3% i i
s 47, IESHEXm, FEEEkd 2] LMSFs &
Hfir; 5H, LMSFsiyhdeiisasets, sH7H
SO B

(3) Tk ¥ 5= I MBT (Microwave Brightness
Temperature) . 2008 4F-3—5 H, MBT¥J{H & T £
AERE (IERE#T, 2012), 3H2H—4H26H,
LMSFs Padb il i 9 MBT FJH5%; 4 H 14 H, ik
FNZBY BUR R (Ma %, 2011) . Di4FE0m A% 45 5k
(KMH) SHEP AR 44 d, 3855 e
4710 H; ZJ5, 2055 Fi LMSFs [ NE J5 [7] )&
HEmyE; 4 H21H, BHEHEY E 1207 kn?
(EIRE#, 2012). 5H 2 HIF4E, LMSFs fE R0
WS4 22 6] 56 DU R DR X P 4h B B2 0% BL . £
LB MBT 5% (Qi%%, 2020); 5H 11 H, i%MBT
XA E R YR (Ma 58, 20115 Qi
45 2020). Singh%%: (2010) BT CREWN
W) WKW, 5H1—6 H MBT %% 7}, 37 GHz
IR Ak 3 AR S R 15 K

Zi 1, 20084F3 A4, LMSFs Fa-boFin o B
MBT IE % ; 47, [ER®ERE KT IFER
LMSFs B flll ; 5 F , LMSFs ¥l f4 1F 5 % A K 1
R KRR IR, SRV S
5SS RTE N

(4) FF K 3 88 57 OLR  (Outgoing Longwave
Radiation) . 2007 4F, FE4JL#F 1 8L T OLR 1 3%
(FEHN %5, 2009b), 20084FE2 H, WFFEIX (98°E—
110°E, 20°N—34°N) OLRJFIh5H FIF, {HlEE
BN (REBE, 2009; AEEE 4, 2009; AN 5F,
2009a, 2009b; WuZE, 2012a). 3 H EAREN, #F
58X (100°E—106°E, 28°N—34°N) Z/HE3 K
OLR I i 48 1 20 a A9 OLR #% X ( Yang FI Mi,
2009). 45, OLRS% LJt, JINE S X 8l 1



T 45 - O MR 22 12 S —

S [ O B HG 2 SR 685

OLR 34 3 p .0y (Kong 45, 2018; JEH W %,
2009a; [%Et7m, 2011); 4 H3—7H54H23H,
PRFHAS /NG (AR 45, 2009); 4 H 26 H, OLR
TR ik Fe K (Kong %5, 2018)., 5 H4 H,
OLR T 3% {5 B34 o 30 42 38 B A XA (R X A2
R K 61%), 76 LMSFS By R b B o il (55
e %, 2010). SH6H, & S LMSFs Fg bl
OLR F T @ %E (Yang I Mi, 2009), #iti¥ 51l
AP E2E (Wu 55, 2012a; Qin 5%, 2013);
5H9H, mHIXOLRWERM®; 11H, KPR
AR LS OLRH K, K372 W-m™ (FREF
i 4, 2009b, 2011; FfRL %, 2009).

Zi b, EHTOLR 5% PR SRR AR Jy . 42
FLRIA T RT3 A e Lot 4 A,
IR R . KRB XK, SHMA, W4 E LMSFs
BT 2T 2 d MGl — o g .

(5) #H #% 5 %X NDVI (Normalized Difference
Vegetation Index) . 2007 49 H —2008 47 H , X
JIFE X NDVI 36 A7 B> (a4 45, 2012);
A I NDVI/ D IS N iz b S5 2 B A % (i
W, 2011), 200845 H LA), BUIEX NDVI R
WHALT 4 A T A, BIRXE R LMSFs |, HY
EHEA. GSE#AMEMME, 2013); LMSFs k-
NDVI AR IR R 20% (R4 %, 2010) . Jif
Ko W 9 2% Ak wi % K NDVI # J5 %%, LMSFs fY
NDVI &A% 5 4 Ay LMSFs FAJLST. IBT. OLR &
W EFAR, fFG G B

32 XEEERRERI

(1) REIEE AT (Air Temperature ). REHI
2, JFA B E AT 5% ETF (Yang FIMI,
2009). 3H 14 HM4H 16—19H, AT HERET
20 a M . FERT LA, AT FHE X2 i 46 =
LMSFs & H:J& 1 (Singh %5, 2010); 4 A 18 H,
BONKRMEALFFHRX B0y SH6H, I HE
H P ATIZ S T 20 adfH, KRS0 20 a 19
H (A& %, 2010), HZAHSE)Z (700 hpa,
600 hpa. 500 hpa 1 400 hpa) ¥4 i} 3 AT %
(Singh %, 2010), BHEICHME FH (Wu,
2012a).

(2) &S M CBG (Carbon Bearing Gas) o 7S
ST RGN (&) REEfE3F,
Bl co,, COFICH,.

1) CO5% . 200842 HWIFR . 3—4 H,
BYKL B P35 Iz LMSFs A< b6 . PHRIHAY CO, &
WA, P (A4S, 2011),

2) COSH: 3HIOHIFRBIL, LMSFsH CO
WS TRM. 4100, S8 REAEEL A
ok, EEEP TG, ZEEE (EA%
45 2016¢). SH, CORGRERETHRE; SH
4HMSH12H, B EBHTEPRET (Cui 5,
2017) . EEMK, WRATWIAM A (8 H %
45 2016a, 2016b).

3) CH, 5% : FERT44, BYKL NG —TH
B B R 4R B CH, 2% LA (B %,
2017). 2008-03-25, WiZdaydvBIF4h 3 CH, =
i (Cui%, 2019), FFFHIER; 47 10—20H,
W 2y b B e (A X AR, e B v L X T AR Ok
AN HEERER ;4 21—30 H, mdLmAS S E X
il (EA %, 2017). 5H, CH,m B HE
(fE H % %, 2016a, 2016b); 5H 1—6H, &E
SR, RS 4B R KEAAEL (Cui
5 02019); S H 7T—I12 H, 285 v g i 20 w4
WX (EAZ, 2017). SAHI12H, SHIEH
kiR (FEH 3, 20115 #: H4§ %, 2016¢), ¥
FEd R (A 25, 2017); KEWZERHREH
Bt LB T B R (Cui 48, 2017).

Zi b, CBG S WL, F% 52 LMSFs
T g ity 1) o 2 — Th i W 24 o, AR T — R S
Riho CO,5 8 WHAX R, CO,MCO %M 41
BRI, CH,5 % BRI R B, (A2 48
iFEEE, HSMrnisfiash—% (£
A5, 2017), PREL T ZoREad AR AT EUL ARG T
Je PR 2500

(3) KAKIKZAWY (Atmospheric Water Vapor) .
1990 4F ) 3k LMSFs i AWV A Wi FE 1 ;2008 4F JT
G, AWV S8 5 LMSFs & U )1 45 4 74 e 34 3%
KE; LMSFs B, MBS HWE RmE (it
4520115 AP 4%, 2014). 4 A8 H, P&
I AWY F a4 5H 1H, LMSFs
FAT—22 T W 24 0 AWV Kl m, 25l
% SHI1LH, WIRR—Z T K240 AWV FIK
e RIETEA (HEmAE, 2009; Lin %, 2009b;
Bz e 4, 2010),

(4) i SLHF (Surface Latent Heat Flux )
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55T NCEP 1 SLHF 845 /31, 2008 4F 1—3 H,
= b SLHF H{E Z WGl it i K5 %1E (Brif
16, 2014). 57 3 HIFM, Ui B HCAy v i
Sy SH6—8H, mEX M THEE B
JEHIX; 5 HOHZAE, SERERE, HET
FZrh LR, S (HEIE 120 W-m™) &
EHL 60 km; 57 10—12 B, & {H S % W16 E
B ftmen (2526 %, 2010). MODIS JZ i %1
5A7H, M # SLHE A BT Fh & s =ERi2d,
LMSFs J& 1t 8L SLHF 58 = (e, ARV HE—mi 75 £
iy SLHF ik 300—400 W-m2; 5 A 12 H 4,
LMSFs } g 5% 1l 74 3% Wy 24 47 T J7 /9 SLHF & 35
400 W-m™ (%@ &, 2008; XP:EHF 25, 2009).

Zi b, AT SLHF 524 B HUARFAE R Bl 2 I
T, SLHF = (B X P AZE 25 72 Hh g8 i ] LMSFs J2 5%
Wtk ; A2 dRE B AR HIA R

(5) RIHE WG~ R AOD (Aerosol Optical
Depth ). 4 1€, 72 AOD i ¢ HH B8R 1 75 S 1l
1.50 B5 4% (Akhoondzadeh FlChehrebargh, 2016).
SH1H, LMSFsZZup[X ) AOD JF4h B3, S8 K
F30; (LiuZ, 2019); 55 5H, LMSFs P AOD
SH U B SR (Qin%E, 2014); SH11H KT 20
(Liu%, 2019),

(6) £Vt~ LC (Liner Clouds) . ZRiS5h, T
BB EHB&s. 5H 12 H 9:30 am IR, B2
EWERrEuk (BYKL) P8 H Bl — 2545 7] LMSFs (1)
Wik LC; 10:30 am FF4f, LMSFs Hrdb B Bl —
FRMESIY LC. WAL LCIWIE LSSl TR, IRt
M E R SE 3 h, HERE. EFEELR,
ZA LC ST ISR (RSB 4%, 2008).

33 BEERERREEN

(1) BH T &3 TEC (Total Electron Content ) o
EFaskm )RR (GIM) iR (16SHHE
vl ol B A 26 4 ) GPS W I R4k A T 0 A= T
TEC S ¥R : 5 H2 HIFtR GERj10d, 4d,
3d. 2dM1d), P ER XIS A F A TECH
S (Akhoondzadeh %5, 2010), 5H3—4HHMH T
TEC 53438 % (Zhao %5, 2008; 4Rt 45, 2016;
WHEEm 45, 2016); SHS5—I10H (5H9HERIN),
Z W B TEC 1 2 W/ (L 258 48, 2008;
Akhoondzadeh 45, 2010; Xia %, 2011; %% 28]
45, 20115 FEIAHAE 45, 2012; i3m0 4%, 2016),

SH6H (4 4, 2009; Jhuang %5 2010; ZE0E
4, 2014) FISHTH (W& %, 2009) 54w
K; TEC 58 G 0 [n] B R B IR, R 3L 90 X [R]
A BLTEC i 5% . S H 9 HIFMR, TECH: MIES
wO(HLIEDE 4%, 2008; Li 4%, 2009; RV 5,
2009; R AF, 2011), T KRR (Liu 5%,
2009a; YuZ5, 2009; Zhao £, 2010; T 5348 %%,
2010; Klimenko %, 2011; Xia %, 2011; [E4H
AH 45, 2012); 7E250—390 km 7 B L FI A TEC 5
# Al (Lin, 2011). 54 10—11 H, TECH:
£ [\ TFE AL T B4 24%  (Akhoondzadeh %5,
2010) . Z3HMr) M K AR H IX () GPS Wil & ds ,
RIMFBEMIW TECH 3 (¥ 4, 2014) FIVTEC
e (BHIE 45, 2009). VETC L4345 TEC
FEARME (Zhou %5, 2009; #LHH: 45, 2009; X
245, 20105 T &, 2011),

Zil, ER—E TEC % BB | EEk.
BARBAR R A E2Z S, (HTEC 5 RBLEEA —
B, YINERET; BEEi6—7d EE NN T,
A2 dPLESE N E, Eh TR Eismx, L
e ) i A T A

(2) F2)2¥5h, EATME, 3T COSMIC I
CHAMP HL 25 24 B AR 00 21 1) F2 2 5% 5 TEC
AT —F, He, 4 A7 HEM AR 2
Posh i E R (K %, 2013);5 5 H 3 HIFGR,
I Y NmPF2 1 58 . B R — 8, 5w sk
AR, BRI 40%, F2 )2 & T B 50—80 km
(Liu%, 2009a), 5H3—9H, ZWHM NmF2
S, FEIEIN 30% (BERH 4§, 2008, 2013), F2)2
I SR LR B R, IR 21 60% (SRR 45,
2008) ; =TS d A AY NmF2 T [ 2 2x10°el/em?,
F2UE{E = 8 R T 25 km (Hsiao %%, 2010). 5 H
9—10 HAFTE 2 48, = rp B3l B0 1T KR B 1)
NmF21E5% (AEd 5%, 2008, 2013),

(3) HLFHE Ne (electron density). FERI—JA,
DPESEZ TR, Ne BB I T, SASH,
Ne 1= (5 X 2R 98 0 — 2, i 4 TR RO,
ERRAE (FEAfd 45, 2009; FEAHAME %, 2012),
5H6—11H, B KX Ne &k FEAR
( Kakinami %%, 2010; Ji#§ 4%, 2011; Yan %%,
2013); Hih, 5 7—8 H NI 50% (%4 i
&, 2009). SHOH, EHREMHELT NeJmif L
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TE G, HIEME M IRER ) (Kakinami %%, 2010;
Le %, 2015), HEHNARILKIA T (Zhan g 55,
2010a) . 5 A 10 H , Ne B 1K T % R 4 37%
(Akhoondzadeh %5, 2010). A WL, FEHT— &K Ne
A TEC, NmF2 3R —%,

(4) B T W Ni (ion density) . ZZHi 10 d,
DEMETER T2 £ 8 h e, ~Ni (EZAE
T) BB AEHAER. SH2H, N LT 42%
(Akhoondzadeh 55, 2010); 5H 5 H, Ni#ixf T+
24% (Rl 45, 2009). 5H6H, Nl TR,
S5HOH, kFHRAKE (Zhang %, 2009; [=IAHAHZ,
2014; Yan %, 2013; 435, 2015). AlUL, NiZ#fk
5TEC. Ne. NmF2AR[], {HEFZS SCRRN AT

(5) B T/ T & B Ti/Te (ion/electron
temperature) o T W TiTe %% Ak ¥y B B 4%
Akhoondzadeh 5 (2010) Z3p#rdgii: 5H 1—12 H
DEMETER T & 28t B rh Mz i, 053 31K TilTe
ESH% HI10H. 5H9H., SH2H), 1Mk
wO(5HIH), MENBFRENEEY, 5 7—8H TilTe
TR EE R 30% (R R AE, 2009); SH9H,
Ti/Te Yo B T4, 7B rhIbAmve 77 m B2 7+ (Zhang
5 02009; BiESE, 2013), #EZ (2009) SHr
P, TilTe ZBALIE 255 Ne 28 A0 TE 45 03 T AH 56 .
Liu % (2015) s#rdg iy, Eajl1—6 dmyHE Ti 5
W Ni, Ne A fb#a$m i, 3 & nl iy i
g TP BT A L S )2 R S AR

(6) HE35EE MFI (Magnetic Field Intensity) .
2T DEMETER T4 UL %5 J8 £ 00 2] MFI 28 16 15
fl: 20084E3 1, Wi X, Y 4riry/hERERE PSD
AR ARt SR (i 45, 2013). 3 H FAIJFAA,
20 Hz i ELF 19 Z 53 i 355, Rp2e 2] 8 H ISR R4
B SR X LA RE R M R 2 B o RO B B ) A
(7K1 4%, 2010). 4 H 12 HIFUR, #WiH Y. 2505
kg K (X 48, 2011);5 5 2 HIFGR,
BT ELF @377 AL i £ th B4R (Zeak i 45,
2011b); SHSHMSHOH, T2 Z) 5K
LG T (R e 4%, 2009); SH 8 H, KT
200 Hz 19 VLF #5515 76 5% v 2° LA N AT BH 2 28 7
(A 45, 2013), EHI2.5h, ELF{55 (g 0%
mTEEY, FAEE400 km (5K 45, 2010).

(7) H 3758 EF1 (Electric Field Intensity) .

EFI 5% WA R W | SRR, Bar— 12
RATFGG, BN HL 377 35 ) 258 1 4% 1 3 Bl 34 K
AT 15 dHF RN, KRR ILT /b, E)a il
KA CREBME M, 2011), Zri—1MH, WU
ok e 19 500 km 3 L VL B 3745 1 L B
BEEAL (He %, 2009), 1M 2N 0E A1 Frid )+
AT 14 d, Fin I AEGELL R RIS (LK
&, 2011a). FERTT dIFLR, 72 LR B
W (KR S, 2009; ¥R 4, 2009) ;
FERT1—5 d, LLE T 170, 2000 km JEFEI Y, ULF
B s B (Zhang 55, 2012). Ryu % (2014)
6 ETAVRE I S5E s B gt sha 56,

4 ZPlZIE RS WL 25 R E

4.1 ZSFE=$HE

FIRVIAFE BRI E T ZE)ZE . 255k
SEH )RR S RRAE, BHE T A5 SR A B B
BB, EER, POT 5 RESHHEE
WS% 3k (%2), WETFRRE, & XhHm
(3MH—44F) IS (10 K—31H) . JHilfi Sl
(1I—10K) FIFHET (<1 K) F4FhSu ] gt
AL, RS EER RN, WEEEYTE
HI SRR, RAZFHERAOD ., LCAUAE 78 K6 I 5
i % B2 AN, HAaWmA =i Re; i
HERERMREWG, BRB#Y . By AERNS
WA, HAWAEIG SR DM NS W2
ALERE, @2, RRENERRE 58 &
LMSFs 19 23 [ % N PERCGT 5 FL s 2 e i I 2 4
FrE PR R ML, HAaREmEg R, 5
LMSFs 75 [8) 56 2 AR 5k o LA 1 a Sk Bsf (1) 1 4 06 57
BN P TE G (B (a) ), 7]
W, BEB TG T R AR, AR R IR R 1 S
Wiyt %, 2007 4F Kz AT, )R . RRJZMARE
WHEL, ME RIS E B, 20084, 3R
SR B TR, L m OB K
X 2008 4F 1—4 H B & B w72 A et
(1 (b)), XMW, 2 ARIFR, K2, B2
)38 SRS i I NI T, 35 )E SR AR A
Ko HE—HE55 A LTI (1 (b) ):
5H5—11H, 348208 RS 5 b i ek
ZIE X, B2 R R
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Table 2 Statistics of spatio—temporal information of multiple remote sensing parameters of Wenchuan earthquake
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44) 3N 10K)
Fifdt 452009 % 15 45,2009 ; Akhoondza-
deh %5,2010; Kakinam i%%,2010; Zhang 55,
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2010a; T4 45,2011 ; EIAHAH %5,2012; Yan
45 2013;Le 45,2015
F2 2 AE b 4% ,2008,2013; 5K 1M 55,2008 ; Liu 4%,
= 5H3H o » b LI B P R
E7 %) 2009a; Hsiao 25,2010 Bk 45,2013
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223 2015
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Liu %,2015
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452013
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AT 3148 5H6H e e T SSI-LMSFs KA X
2010; Wu 45,2012a
CO,RE 34 1EJ135,2011 DU 1] Z s LMSFs ]
o S—-5Z LMSFs Jk—h Wiz fsthl, K
o 3HOR  s5H4H sHI12A % %,2016a,2016b,2016¢;Cui 25,2017 2T ; SI-RZh R B 7 5 5
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1A 2010; BRHgAE 55,2014 i1 IX ; I-LMSFs
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BT, 2009; Liu 24,2009 ; 8 259 4, s s
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1= DU AT 4 7 ] I
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. 2004 4F: 2A 548 5A12H N . B
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Fig.2 Time distribution of short—term—impending remote sensing anomalies before shock
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Fig.3 Conceptual spatial distribution of short—term—impending remote sensing anomalies of Wenchuan earthquake
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Remote sensing anomalies of multiple geospheres before the Wenchuan
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3. School of Resource and Civil Engineering, Northeastern University, Shenyang 110819, China

Abstract: The preparation for the occurrence of an earthquake is a complicated process. This process is usually accompanied with material
migration, energy release, and information exchange, which can disturb the radiation balance in the seismogenic zone. Obtaining the
changing information of the coversphere, atmosphere, and ionosphere through satellite remote sensing; analyzing seismic anomalies; and
identifying earthquake precursors, have become the interactive hotspots of the remote sensing and seismology fields. As a typical case where
numerous anomalies precede the main shock, this study investigated the Ms 8.0 Wenchuan earthquake and its physical mechanism of the
relevant seismic anomalies.

On the basis of published research results, this study systematically collected and filtered the possible remote sensing anomalies of the
Wenchuan earthquake under certain criteria and summarized the abnormal features of 20 remote sensing parameters related to the
coversphere (five parameters), atmosphere (eight parameters), and ionosphere (seven parameters). By mapping the anomalies in a unified
framework, the spatiotemporal correlations among the anomaly manifestations were analyzed, and the overall spatiotemporal characteristics
of the short-term manifestations of multiple anomalies were revealed.

The results of this study can be summarized as follows. (1) The manifestations of remote sensing anomalies gradually increased,
enhanced, and congested before the Wenchuan earthquake, and prominent impending earthquake precursors were observed. (2) Remote
sensing anomalies developed in a bottom - up manner from the coversphere and atmosphere to the ionosphere three months before the
shock, which is in accordance with the Lithosphere - Coversphere - Atmosphere - lonosphere (LCAI) coupling paradigm. (3) Strong spatial
correlations were present among the seismic faults and manifestation positions of short-term-to-impending remote sensing anomalies, which
congested along the Longmenshan faults and its nearby region. (4) Multiple short-term-to-impending remote sensing and strip-shaped
anomalies covered the epicenter of the main shock and developed along the Longmenshan faults, respectively, thereby reflecting the local
effect of the LCAI coupling in the late stage of the seismogenous process. The clustering multi-parameter remote sensing anomalies before
May 12 can be regarded as Wenchuan earthquake anomalies with precursory significance.

At the macroscopic scale, the seismic response driven by the deep part of the Earth can be explained using the knowledge on the
multiple geosphere coupling of the entire planet system. The in-depth analysis of the individual characteristics, spatiotemporal correlations,
and overall laws of the Wenchuan earthquake remote sensing anomalies during the earthquake preparation process is critical to the
investigation of the physical mechanism of seismic anomalies. This retrospective research provides heuristic clues about the energy
exchange process of the Wenchuan earthquake and confirms the great potential of multi-parameter earthquake precursor research.
Furthermore, this study benefits the satellite monitoring and synergic analysis of strong inland earthquakes during the late stage of
earthquake preparation and provides reference for earthquake prediction studies.

Key words: Wenchuan earthquake, remote sensing anomaly, anomaly manifestation, spatio-temporal correlation, multiple geospheres
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