Eark g1 £ BEoH E Vol.41,NO.1
2021 403 H SOUTH CHINA JOURNAL OF SEISMOLOGY Mar., 2021

X /N2 R EE S HTIEIAVIR My 7.8 HURERT T2 8 28 )], £EREHbEE ,2021,41(1):73-77. [LIU Xiao. Wavelet Multi Scale Analysis of Satellite Gravity
Changes before Nepal My7.8 Earthquake[J]. South China journal of seismology,2021,41(1).:73-77]

INEZRESHEHIR M, 7.8 ERNBLEENTL

pUNT
(PRI EETIE R AT, I 430063)

EE. FIF GRACE T E RLOS AENEEE, REUBIH/RAHERTFEIRX EZ 2010—2015 £ HE
sty DINER A E DA, ZET/INE 2 R 5iE DR B T4k, A5 E 7 mTIARE I
By, WP EERZRA, JRI/ZKHIEERT 5 45 (2010—2014) NAEEIR X B I T VA A T 2 B S IE 738
BANTREIG, 2014 % 2015 FFR], BXEWER THEEAREX, FEHFEXEDEINISRHAE, &
HAOMEFYIRBM 2013 F£FF405, EORMTRERES, BAFEREN,; BREsr, R REs
RSB ANTI RIFISIRIREE, B 4 B NSO IREE DR, R TESSHRANENSEEEIE,; 5B
/NIRRT BN EE T 22 I b X A T AR AR B 205 |0 B D ARk,

K4EiE: GRACE DEED; Ehdsfk; BIF/RHE,; BRI, NG REE i

FESZES. P315.726 MERFRERD: A XEHRS: 1001-8662(2021)01-0073-05
DOI:10.13512/j.hndz.2021.01.10

Wavelet Multi Scale Analysis of Satellite Gravity Changes
before Nepal My,7.8 Earthquake
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Abstract: The monthly gravity field data of GRACE gravity satellite RLO5 was used to obtain the monthly
gravity changes of the periphery of the epicenter of the Nepal earthquake from 2010 to 2015 and the gravity time
series of the epicenter. Based on the wavelet multi —scale analysis method, the satellite gravity field is
decomposed to obtain the details and approximate parts of the gravity field. The results of the study show that in
the 5 years before the Nepal earthquake (2010-2014), there were obvious positive and negative satellite gravity
anomalies and migration around the source area. From 2014 and 2015, obvious positive and negative anomalies
were formed around the earthquake area. The gravity increase in the gravity anomaly area is obvious. The
epicenter’s gravity time series reflects that since 2013, the gravity change is in a stable state and at a high
level; through power spectrum analysis, the depth of the field source corresponding to each order of multi—scale

decomposition is calculated, and the details of gravity anomalies after the first 4 order wavelet decomposition,
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which reflects the location and anomalies of shallow geological bodies; the details of the Sth—order wavelet are

more focused on describing regional structural deformation and gravity changes caused by deep material flow.

Keywords: GRACE satellite gravity; The gravity change; Nepal earthquake; Time series; The wavelet multi—scale

decomposition
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Fig. 1 Annual gravity variation in Nepal and its adjacent areas

ME 1 FE R E DA ESIE R I

LR HIRRT, eI/ I T He R
MEIFERL, DRI IESRIE L, &
EMEEIAE] 25x108 m/s2, DI FEsHbX A9 7 8
SEAME, IEEMEERE]-30x10"° m/s?,

AT EEMHAE AT E D E R, IR
% 2006—2014 1) GRACE i3 1935 A 50,
T RRIA/RHEF O T2 E R 55

(B 2), GRACE RiEm4E S BHE ryH 2% A
PEZK ST RN, D ERRIX Ee AR AU R SN, i AN
IR | B FETNREE DML, DL
RITHEMRENIGE,

ME 2 R]DIEH, 7E2012F 5 AZGET
SEELTEROERE), HIXPEBRNER
&, KHEAEEERX fJgEEwndIE, &
Bz X HEL TR O B IR R R

x10° Nepal Mw7.8 earthquake center gravity change GRACE time series
25
— 2
©
¢ 15
E o :’ [ I A 'l.“ 4
: bt a4 iy ii R
L os g!‘qh.ﬁ . *."! ‘d‘ h‘....‘g i e wiie O ; -
£ il Tiehele L PR VAN RER O o H I G e
@ AL T o2y o Bieil L biéL 9
5 s i e ¢ @i ‘.._t “'..-“3_.‘
> ° ;. Yy
2 é LI
@ 15
© -
25
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

e

El2 EI/RHETE 0 (28.15°N, 84.71°E ) Y T2 B AU 75
Fig. 2 Satellite gravity center of the Nepal earthquake center(28.15 ° N,84.71 ° E)

3 JEIA/RHE GRACE B /&
JREE i N 45 B b

FIH GRACE T EWZEIR E 47 £ B2 K
EEA L, B N RRsiE R ES|
RCH, KEEEZL, VKERMEES IR R B
A AR ER B AR A

HHT KR . MiSTEAE DRSS IR R sh (E
FRRE FEAER, HIEAEAERI A RE
WY,

—REIGOUT, N R R ELR B #OR,
2R DEER A TI R o sl 22, 0 B H A AR 20k
% (BRAHTESEWNNEAEEZTIHY
Mk, ERENESISEZRREZAMES,
ERESHRE, —#, YT EREERNES,
MNESHA RESHERER, X RE/IN
SRR RE IR RO R PR, AR S TB DL 7
B RRIM T S
AT E DRI, ARRES BRI E
TR, MRIARFRE . AR N ARSI D0



76

1

E

41 %

BENREEREDN R R | il sh®
T, VBRSNS R S IRIREE . RS
NI 2 RS S i RO AR B o L, MO ER P FE
R, BE R &EEE, 1A 2007 19
SCEEHULE 5 AT MR AIZIRRE A 17~34 km,
11 6 B2 s B 5 B am T Homes, —ARE S
WA N R R AR RS, At
/N 22 RSy HT 751254 2011-2014 £ GRACE
T EVNEIE 7T 5 B, 55 3,

2011 misf 107 Detail2 misd, 157 Detall misd, g7
A 510 PT— = 10 . r 5
S = e | = ~
40 .i‘.‘ 2 am‘;'_"x- | a0 :I:. '2
|
3” ot "oy sl 1. . ,
)ik T % |
By s A o 2. 1! o 2l N iu
A ) 5.0 S 500 S
LM e R
R a1 A 0 N
L s N L
’ e 3 15 e O a
%0 e s 100 7o 8o so 100
Details misy 167 Approximations  mis5, 1g7
| 3 45 T == 3
=y = Lt e
an -.g_r | Iz o 2
%35’\‘-" | (" 35"?-’) 1
2 a0/ | o 220 Lo
& oy ® |
S e 24 - 25 -1
BT
n \d 2 . -2
A L
L 3 gt Wl 3
%0 m w0 100 %0 e s 10
Longitude Longitude
2013 misy 107 petaiz misd g7 et
— 3 - J— - s x
i) e )
| 2 s | 2 2
-
o M| Al o BT | 1 o 1
= | B | A4 | o |
2 |/ o 2 a5 | 0 2 la
T | T Ny }}-: =
— 25| 4 —J 25 :;'1 I.15 i - 4
2 20 \ IJ. 2 2
ol
-3 8 £ . T -3 3
70 80 50 100 70 8 90 100
Rutaik mis% g7 Detail5 ﬂ"*%m d Approximations  m/s% 157
—g 3 F P—— T i 3
= . D ) =
& N G 40 | 2 a0 2
.- b, Ll
R T @ e | 1 g s '
o ot e o v e =
£ R - o 2w/ o 23 o
L N s I A i
2 ) | T 2t .| 4
\ o 5 S
20 - 2 20 \ 2 2
1 h! |
15 o 3 15 | 5

Longitude Longitude

TN S FRE 2~4 PR SN Y A 7~20 km A4 1Y
PR hahal# D e EAn L, 5 Bran i oh g
IR AR EE A 17~34 km, FIERILHETF | TH
SEEEAA; 5 T I E R AR A 34~100 km 7E
BBl N Hb e M RS B TRIERE S [Fe B A b, &
ARG T, EESRETRE S RS B E D AR e,
M5 BRI LA EIM 2010 51 2014 4, i
REXEHREEMED EATA, BERD
10pGal, X F]REEREBEEM A= SR,

2012 mis% 107 Detall2 mis5 Detail mish 17
G g TR B i
gz T . =
2 a0 2 402 2
35 7 36 P
1 ey 1 ~ 1
£ It & i
0 2 R o 2l G 0
| ki S ® 0 Sy
-1 25 T2l ERE il El
i ' b ‘J
2 20 v A 2 20 AN 2
WAt ol
E b a s w0 Yo w s o

17 Approximations mis% 47
m 3

)

8 5

2 2z
x X
I =1 3 - 3
= = = = |
40T | 2 40~ 2 40 2
i 12,
o e | 1 o BT 1 }’J}? 1
o b= E 4
.} . 0 = 0 .
5 Y . | £

Latitude

-9 [
e Ny ;
| B 25 ¥ L\ A b | -
| he | 2 *
20/ v A 2 20 AR 2 201 J 2
| Y 1 4
1 ol 3 1 ; i 3 1 4{ b 3
%0 8 s 10 % s so im0 80 %0 100
Longitude Longitude Longitude
mis? 4g7 Detail2 mis? 4g7 Detait3 mis? 1g7
x 10 x 10 Jaln
2
1
]
=1
2
3
Detaild mis% g Details mis5 1g7 mis% o7
= TR e 4
- 2 40 2 2
3,
1 g S 1 1
= b
I = o 2 N, 0 L]
A E t . |
i & -1 ZSI j:, 4 1 -1
2 20 Y o 2 -2
3 18 =t 3 3

Longitude

Longitude

3 2011—2014 % GRACE 2L 5 B/ INpz 22 R EE a5 Sl By
Fig.3 Details and approximate part of GRACE gravity change 5" order wavelet multi-scale decomposition from 2011 to 2014

4 ZEIE

FIFGRACE ® JJ U2 RL05 H & 1155,
IREUEIAZK My7.8 HZE R I =R X JE%% 2010-2015
Ffg A ESE DA, UKEFR S E SRR
FA b, HFIVFR/INGE 2 RE S M5 DEE
kTR, 51T ORI A B A A
AR5y, WFRasREERH. Br/RKHIERT 5 F
(2010-2014 ) NTERETR X BB T e HE 1Y
BEEIFHEIENSEAMIZIG, 2014 % 2015

FiH), EXEDER THZIEASEX, EE)
S X EEINARAE, B EDR A
SIATRIM 2013 A, E OB TSR
&, HESAE— M hr; ARSI RES T,
T2 R S AT B IR RS, 2 B
3 A 4 BN TG RV SRR T, Rk TR
HSHUTUARRI AL BRI BT 5 5 M/ N4 s ol
BT ZIEH X S I ARG B a5 SR &
AL, SR I B TR X A3 T iis
&), R RIRE AR R,



11 XUBHAT - N2 22 REE I HTIEFVR My 7.8 HUERT D EE (L 77
Sk [11] Sean,Swenson. Estimating geocenter variations from a

(1]
[2]

3]

(9]

SRR, HOAEFRE [ieM]. dbat . BlezHikod, 2001.

E‘J\Iﬂ 2011 - H A K H B O RE R, TP ERE
,2011(18):57-60.

iﬁBE/Ez ZE R, . AR My9.0 HIFERT GRACE 1

EE AR MR, 2012(2) : 171-176.

TRE R FES % GRACE BEMMFEIR S
J MB.0 HiGEH R E DAL . HERH S |

2010,53(8).1767-1777.
TEHEIE. /N 28 RS Ay W AE LK 3%+ (9 I 9
D] . B IR, 2005.

Wahr, J.,M. Molenaar,

earth’sgravityfield; hydrological and oceanic effectsand their

F. Bryan. Time variability of the

possible detection using GRACELJ]] . Journal of Geophysical
Research: Solid Earth (1978 -2012),1998,103 (B12):
30205-30229.

NSRS, 2 RS TS E 58 7 B i
b R EREC (AEsT), 2014,

Lfourgeau, etal. Wave propagation and
1982(47):203-236

Mallat s. A theory for multiresolution signal decomposition;

E[,

HD] .

J.morlet, G.arens,

sampling theory[J]. Geoplysics,

the wavelet representation[J]. Pattern analysis and machine

intelligence ,ieee transactions, 1989, 11(7) :674-693.

[10] Torrence C,Compo G P. A Practical Guide to Wavelet

Analysis [J]. Bulletin of the American Meteorological

Society,1998,79(1).61-78.

[12]

[13]

[14]

[15]

[16]

combination of GRACE and ocean model output [J]. Journal
of Geophysical Research; Solid Earth (1978 - 2012),
2008,113(B8),DO0I:10.1029/2007JB005338.

Cheng M .,
oblateness during the past 28 years [J]. J. Geophys. Res,
2004,109,B09402,doi; 10.1029/2004JB003028.

Duan, XJ, Guo]Y, Shum CK, et al On the postprocessing

B. D. Tapley. Variations in the Earth’ s

removal of correlated errors in GRACE temporal gravity
field solutions[J]. Journal of Geodesy,2009,83(11): 1095-
1106.
Koji M,Kosuke H. Coseismic gravity changes of the 2011
Tohoku
Geophysical Research Letters,2011,38(7).113-120.
T TR RN . B 58N 2 BT R
REGHREL] - HIERRLE . EMFR 1 ,2007,32
(4):564-568.
FAElE , PSR, XURAG. GRACE T EIER 5 7737 89/)N
R % RUZ 53 fifi——L) 2008 513011 M8.0 K HEE 7 1]
(7} PR EEFR (S EREERR, 2012,37(6) :679-682.

—Oki Earthquake from satellite gravimetry [J].



