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JETE 2 em LINBEHIR2ZTE 0.1 LAY, HEX
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RIS R T GPS H AR S UL B dE AT A 5T
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LR G KA PPP ol 245 0] P 51 522 iy 1 A 7 s
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Fig. 1 The distribution of GNSS stations in the
2021 Maduo M7. 4 earthquake region
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Fig. 2 The coordinate time series from high-rate BDS data of the 2021 Maduo M7. 4 earthquake
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Fig. 3 The coordinate time series from high-rate GPS data of the 2021 Maduo M,7. 4 earthquake
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Fig. 4 The coordinate time series from high-rate BDS/GPS data of the 2021 Maduo M,7. 4 earthquake
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Tab. 1 RMS values of velocity time series of each station

30 minutes before the Maduo earthquake

NN B VW | Al IR W SN E NI Y
(mm-s7")

myh DERS

(mm -s7) (mm -s7)

GPS 2.8 3.5 5.9

BEMQ BDS/GPS 2.3 2.9 5.7

GPS 2.7 3.5 6.5

BUDR BDS/GPS 2.4 3.1 6.4

GPS 2.4 3 5.4

BUHN BDS/GPS 2.1 2.6 5.2

GPS 3.3 3.9 6.9

GAND BDS/GPS 2.9 3.6 6.8

GPS 2.4 2.9 5.2

HSHX BDS/GPS 2.1 2.5 5.1

GPS 2.4 3 5.3

Jbuo BDS/GPS 2.1 2.6 5.1

GPS 2.5 2.9 5.3

KANQ BDS/GPS 2.1 2.5 5.2

GPS 3.1 3.5 5.6

LAJA BDS/GPS 2.4 2.8 5.4

GPS 44.8 50.8 70.7

QSHE BDS/GPS 3.3 4.3 8.7
GPS 3.1 3.6 6

WENQ BDS/GPS 2.4 3.1 5.9

GPS 2.7 3.3 5.8

T BDS/GPS 2.3 2.8 5.6

BDS/GPS B & Bif [1] )3 5] 78 5% 11 30 min A9 3 75 2
(RMSAE), MR 1 ATLIEH, 2 HEHT 30 min,
GPS 3 FE 5} 8] 2 510 78 3 07 11 B9 RMS {4350k
2.7, 3.3 F15.8 mm/s; BDS/GPS A5 J& I} 7] ¢ 51)
FE3 NI RMS {E 44 T/, a0l 2.3,
2.8 Ml 5.6 mm/s, AFFE 4y 82 T 14.8% |
15.2% F1 3. 5% , ¥ BT [H] 55 7] 38 B4 I s GPS
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CF(i) =f(i) -f(i-1) (5)

L. £ Ry i BF R T I s b, R R R B EROR
REAIE pRERCZE S ) (] N AR AR A B, K B 0 R OR
15578 2 11 B B P A S B8 P KO, 2246 0 21
FRPAR T, S A5 AR AE R B T A S K
SEBME R S 2 B BB, MR A
T I RRAE oA B EL B R 35 09 BIEL R, WA R
Hi R )3k

Shy T I b M R U ) I, AR SOk
WY 2R B g K M S, KR
SAEEE N 50 ~70 s, HK NS s; FRE S B
BHR5~20s, KM 1s; STA/LTA BES &
H1.8~2.8, HKHNO0. 1, M AFLHA PRI E
BRI B2 5 R, &, i R R R
HURR EE RS GNSS MBIt ] F 45 . I K
JER/NEE, LTA {5 F] fE 2R B) A8 AL #0A 4, JEik
I GNSS B [RFHI 1 — et . Y K
BNEF, STA {EXTHOFRAE S B BRI RsS [] 9 3
WK, ATRESRE — MM e R o MR AR 5 T
T A B A R NE, HE STA (B A e 48 g L 52 i Al
R MR 5 E R — R R AR AR S

WA, ARCEANKEEKER 70 s, HEHE
KEHRO9 s, BN 2.2, FIH STA/LTA 3E#2HLHY
AWk M 52 ) Z ) L 2, Hod AR SO e F)

F2 AR INEE R A E A&

Tab. 2 First arrival-time of seismic waves at some stations

o A GPS BDS/GPS &/
ox/(°) A/(°) F|Hf eI km

JDUO  34.49  97.98  18.04:45 18.04.45  46.83
HSHX  35.10  98.86  18.04:48 18:04:48  61.93
KANQ  34.91  97.57  18:04:59 18:04.58  86.44
WENQ 3541  99.44  18:05:07 18:05:07 122.90
GAND  33.96  99.80  18:05:23 18:05:23 152.21
BUDR  33.76  99.65 18:05:24 18:05:24  148.20
BFMQ  34.48  100.24 18.05.28 18:05:28  164.08
LAJA  33.76  99.65  18:05:42 18.05:42  196.00
BUHN  34.73  101.6  18:06.03 18:06:03  287.08

42 W AR R R] R B PRAR HERS ], AR 2
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3.2 EHRNEREEMHZIRE

ARSCR I B A8 S i e R 2 b, RO
BRI AR R (X, Y, Z), W& sk 30 5% v i
B D, " RRH
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TBUE MR I AE Hu7e F 4517 1) A %47 1 o 2t
ARV, UL i i 72 904 40 28 6k 22 4% 15 3t 22 1] )
R R AT LI T A

D,-D,-v(t,-t,) =0
D3—D1—v$t3—t1)=0 7

Dn_Dl _y(tn_tl) :O

X bRy R AT AL, 8 R R ek
)5 AT AT B R R M R AR o, AT
PP B A SOREHS — A I B M R P AR
5Dk Al AR TE R R P AL E R R (R, TE Hb AR B
FEHT, GNSS Wl 42 W 3] 1Y Mo 72 I — M S ik
(W3 ~4 km/s), AR5 AR BE#E (3~
4 km/s, £KHFO0.1 km/s) #HTITE, mAH
R v %R 3.2 km/s, HURKE RN Z T, 7]
WiE E—L B Ededs (X, Y, Z) M
WP H TR OR S, TR R E, W]
X H P HE

ZH{U; _%)

n

T, (8)

K. D, N WS ERPEE R ¢ A
) b 2 ) 2 I 2

HRYEHE Z H 72 () GPS A1 BDS/GPS & i [i]
1 (K2 ~4) DL RS Il b 5% % 40 2= ep 1 (3R
2), 1937 2021 FIHZ HE N GPS Fl BDS/GPS
A2 5% A7 B R kR Z 4y i A (34.6° N,
98.54°E), 18:04:28.8; (34.63°N, 98.51°F),
18:04:29.2,
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Fig. 6 Calculated epicenters and the epicenter published
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by the China Seismic Networks Center

MEL6 v LIE H, ASCHE RO E S
RS, GCMT SEHLAL & A 1 52 b 7 8 Bz
VT (F3), A BDS/GPS B8] ¥ 51 i {5 5%
fLE 5 GCMT KA iR i AL & AH 2% 5. 8 km, firfq
REWZS GCMT K Ags R (18:04:29.2) —3,
i GPS B[R] 5 31 5% 4 B 5 GCMT % i 7% i fr
BEAH2E 10 km, i3 &R ZERZ1YS GCMT 45 541 22
0.4s; fiH BDS/GPS i} [a] J¥ 41 fir 15 & i & 5 vh
RS W AR RN EM2E 17. 4 km, ik
R ZI S E R S M A AR (18:04:11) 4
25 18.2 s, ffi ] GPS B[] 741 4 g v 55 v ] b
B M LA PO ER 2 20 km, K FER %5 dE
WG MR A2 17.8 s, FIF BDS/GPS i [i] /¥
FITTE ) 5 FR A7 T A R R 280 B0 42 30 S B 7
fE 5 KRR,

K3 AXSHENMABEPRERERZZE R
Tab.3 The epicenter and the original time of the Maduo earthquake

from the other agencies and from the author

‘ L E ]
He o (%) /() R Z]
b E i A 34.59 98.34 180411
GCMT 34. 66 98. 46 18:04:29.2
AL BDS/GPS 455 34.63 98.51 18:04:28. 8
AL GPS 45 34. 60 98. 54 18:04:29.2
3.3 BERWTE

H A 223 (Kanamori, 1977; Hanks, Kanamori,

1979) 2 TAE R AL & AR GO 2 A
AL SR AR IR R TH R R G, T i b R
KW, MR LIS GNSS B InSAR 475 7k
AT HER - 23 B 5 ARAT 0 . I A R ok R AE
MR A KN e B R, B2 W5 5Ok 1 AR A
B, FERHEK,

Gutenberg (1945) #fE H 1 Hi 78 M I8¢ d5 KK
ARSI R R R AR R AR

M =log( PGD) +1.66log(R) +2.0 (9)

X MR EY; PGD AR 4 M E i I i
SRAT 0 B 0 35 0 MR RS, FLHAA O um; R
W BRI R, RAIH] “°” IR, Fang
% (2014) FIFH 3 NKRHEMEM (1 Hz)
GPS ¥ 30 3iE T by 8 28 1 U AR R & 50 o X
GPS Budli iy ol Ak, 15 3% 2 % GPS £l 7]
FESE T, AR GPS TTHE AR B PED TR R ] LA
P E0 AR R,

PGD TIid ik BDS/GPS #ilf PPP M= B[] /7 571
PEWRVG 1) . pg b 1) () M2 PR AR I 5 A5 21, 1A
NN H =VE + N, E RN 53519 25 74 ) Fl g It
I MR POEARIR . ZESCBRR A, X BDS/GPS fil
4 PPP MR R P AT TC E A N TR 2
HAH, 7 LLKANQ sk A5, 58 7 HAA DT H
(IR PGD, 133 PGD 4 50. 17 cm,

60

K41
— ZRPAM
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— derEm
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18:04:00 18:04:30 18:05:00 18:05:30 18:06:00

LNEAVA R
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Fig. 7 Changes of horizontal coordinates and H value

at KANQ station during the Maduo earthquake

TSI 3 25 P 7T H I 52 U 21 2% 0 33k
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F4 ERFANEGE PCD GHEHER
Tab.4 PGD magnitudes for all stations

A b e/ PGD/cm My

myl —
en/ (%) Ag/(?) (%)

GPS BDS/GPS GPS BDS/GPS

JDUO 34.49 97.98 0.43 31.75 32.69 6.89 6.91
HSHX 35.10 98.86 0.56 16.49 16.10 6.80 6.79
KANQ 34.91 97.57 0.78 50.05 50.17 7.52 7.53
WENQ 35.41 99.44 1.12 9.17 9.64 7.04 7.06
BUDR 33.76 99.65 1.34 11.47 11.86 7.27 7.29
GAND 33.96 99.89 1.38 28.36 28.79 17.69 7.69
QSHE 33.81 97.14 1.39 110.95 9.76 8.28 7.23
BFMQ 34.48 100.24 1.49 21.77 23.35 7.63 7.66
LAJA 34.68 100.60 1.78 12.44 11.61 7.51 7.48

BUHN 34.73 101.60 2.61 11.47 12.54 7.75 7.79

M4 AT LAIAE Y, T QSHE M GPS W
DUESHE ot s 2, R P HE 0 {1 b 1T 57 7% 11 5315 2
B K M8.28, 5 GCMT 25 B 7% 94 A0 LA X,
Kt QSHE M3 AN 2 5 Ji5 2245 Ml -3 iR 953
X4 9 ANl v GPS Fl BDS/GPS 7% 2% U ¥ i
i, 1SEFE GPS B Ch My7.34, 5 GCMT A
HIRHANZE 0.06; F-) BDS/GPS iEYh M7. 36,
5 GCMT A A 22 0.04, N LAl LLAE H,
{6 ] BDS/GPS Hfdi ] GPS WA i i 437 B A B i 7
PRI NN AER

I P Ve 155, TS A3 B30 7 % 0 2 B T 1)
FRIE, RRHEWT 20249 e oy i K, 7EAEWZ
WY S 1 R/, BN, B R h Bl Y JDUO
HTHSHX W35, I GPS $difli B9k M 6. 89 Fl
M6.8, JH BDS/GPS 4l Al = 2 M6.91
My6.79, HLL GCMT AA RN My 7.4 /b TE
HiZ W Z B 24 R W) ) KANQ F1 GAND il v
FH GPS Bl A g M7.52 Fl M7.69 .
BDS/GPS Edlafh H R % R M7.53 F1 M7.69, L
GCMT AMHRRHEMMK , EH T A, XFEEY
b 52 T J22 e 28 118 T 1 e 2550 R b R U8 I A
A X, Somerville % (1997) WF5T < B 52 Ik 15 3%
7 1] 5 i 5 W 2 8 54 1 e A RN, b 7R B
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HoEm 2y 295° (Fili A, 2022), #RLrl LIE
W, TR A L TR 2 R LR K 2R Y
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BRI GNSS 3 £ KR 5353 A T W 2 i 24 4™
JEEJT AN, PR A I PGD AT R
/1N

AR PGD RG22 BT s
PR X R PB4 PGD, A 75 18 7% W )2
W 240 75 1] PR 00 5 Ml R 0 Ty RN . HL T
25Dt ST A b e S AR R I A R sl R A
SO, ASR)I S ) R i RE B )R B B PGD A A
B ER G A BERA W2, B4E L -5
M, AT H PGD 1B 2 EAER RS, wlRHE
W72 224 1 7 1) e S 17 5 e R 3 T 1 P R DA B
AN TR 3 ) b 57 M R 25 S RS, R A T R G
JUEEAE RS v ] Bl M 40 M 1k BROURL AT 68 22 1% 0 3 08 47
i, IR 2 B AL B0 3K G ik B AR RO LS 1Y
T R A FE

4 &g

ARSCFIFH 2021 F 3 L2 M7 4 bR B e
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GPS #1 BDS/GPS Fifi & PPP i} 8] FE 5 #E 47 T 40 #r,
TR THZ RN HRE =2E, B TF4E.

(1) 8 e 22 50 4R BUE AT 30 min 3
BT, 15 GPS ¥ BE RS [ P A AE A0 . dtrg |
EH 3 AT B RMS H 5k 2.7, 3.3 fi15.8
mm/s; BDS/GPS #FE} [B] ¥ 5 7E 3 > J7 [0 1) RMS
94 2.3, 2.8 F15.6 mm/s, KRR T
14.8% . 15.29% F13.5% , BDS/GPS AJ $7 Al # T
BTG R TR 25 B4 A, DT i 4 =
A B SO B S R AR E T

(2) FIH GPS 2w} [a] 5 51 15545 51 34 2 Hh
RN ZI R 18.04.28.8, FEHE A (34. 60°N,
98.54°E) , =g M M,7.34; BDS/GPS HiFZT[a]
G AT B 1 30 2 b R R R 2 R 18:04:29. 2,
M AL E N (34.63° N, 98.51°E), E% N
M,7.36, i BDS/GPS 15 %I it M 7% = B K W i
W, TREIT GCMT A 4

(3) Fh T b W7 J2 10 24 1% T 1) PR R, D i %
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Determination of Three Parameters of the 2021 Maduo
M,7. 4 Earthquake Using High-rate BDS/GPS

ZHANG Huai', NIE Zhaosheng', LIU Gang', XIONG Wei', NI Yipeng', HUANG Jun’
(1. Institute of Seismology, China Earthquake Administration, Wuhan 430071, Hubei, China)
(2. Helongjiang Provincial Gedogy and Mineral Resources Test and Application Inshitute, Harbin 150036, Heilongjiang, China)

Abstract

The seismic time series of 10 high-rate GNSS stations during the 2021 Maduo M7.4 earthquake were ac-
quired using GPS and BDS/GPS fusion PPP based on the GREAT program, and the velocity time series 30 minutes
before the earthquake were obtained based on the variometric approach. The analysis found that the BDS/GPS rela-
tive to GPS velocity RMS values in the EW, NS and UP orientation can be improved by 14.8% , 15.2% and
3.5% respectively. The seismic wave’s first arrival-time was extracted from the BDS/GPS time series of each station
using the STA/LTA method, the location of the epicenter of the Maduo earthquake was (34.63°N, 98.51°E),
and the earthquake’s original time was 18:04:29 (UTC), calculated from the time of first arrival of seismic waves
at each station. This article refers to the time of the Maduo earthquake, using the Coordinated Universal Time. The
epicenter of the Maduo earthquake calculated by GPS time series is (34.6°N, 98.54°E) , and the original time is
18.:04 .28. 8. Using GPS and BDS/GPS peak ground displacement, the Maduo earthquake magnitude was inverted
according to the empirical formula, and the obtained magnitudes were M7.36 and M,,7.34, respectively. The
BDS/GPS magnitude was closer to the result published by GCMT. The results show that the BDS/GPS fusion PPP
solution can improve the stability of time series and reduce noise, which can more realistically describe the surface
displacement changes during the earthquake, thus improving the accuracy of the magnitude solution and providing
better data support for earthquake early warning and post-earthquake rescue.

Keywords: BDS/GPS; PPP; crustal deformation monitoring; three parameters of an earthquake; Maduo

earthquake



