FALEE M
20194E 9 A

RVENEE S -

Geomatics and Information Science of Wuhan University

Vol.44 No.9
Sept. 2019

XEHS:1671-8860(2019)09-1265-09

Wi 26 fi ik

FhRE” R

CE

1 WARBHE KA B2 5 TR B 1R 5 5, 266590
2 FRARPRTORSFMIZ: T AR 4B, VL7 M & ,330013

H EHANRERDIS>ARETRARIEERARSGFA, REFHFME, SFERF B gE2 PN
LM FREERATTRLOR, ZF7ERRAET ZHIEE R FIA, B o AT 745 T 4847 b &
@B KB E A, BB M ER RS, R L WA kAL ENLAK, AABEMEH AN, T TR
KBHE, ZFFORFERR—FT R D RFORRERBERS T 334U ~19% s TH F R Z,ZH
EW R SRR —F R D ZRERADT 3.3%~13.3% . P EREEREN AN BEF RERATE S

BB A AT

KW REE MR Ay Mk —F Wk m g B R R R =Rk PR

HE K S P228;P315 AR E A

Rl e 5 Y R M I e A B R A b sk B
ST U Y A% O T B, )R R b T R S T
i 75 7R VR AL T 2 A I A BT I ST B R
by 0 S b R R Y R B AY R O I
ARARAG o FIE AZ AL A%, PR i B oK i b 7R
R SR, H T R I R UL I T RS R
e TR R U Bl A A 4 AR A AT, MO TR
b O8I RGPS LA AL AR TR A T 8 B
A5 ) S [ 52 9 Bl 0 A g2 24 4 B N ANAE £ 4 o B
REFE SN EEFR

TERZ PR ALGI B 58, A5 R RLE SOl R IR 2
B AT BB R R b 2 s () 25 4R E A
B AR v b AR AR R SR R B AR AR L M2
TUART 2 30 s 158 R 48 M ¥ 3 o A S TR A ok AR
b 752 7] 52 9 Bl 40 A S v 2 R R A A A LA 2
B0 I I 2 B S DT 2 3 Bl 5 R ()
REALFE Z A ML G FR o AR [A] 78 W B0 43 A S
T H AT DAR ] — 20 d /s ek il vk (TR R — 20
i) B R SR N ek

FI H — 25 fi# 75 (one-step solution, OSS) Fl &
A S5 /0N 3 1 A7 by R W) R 1 Bl o3 A ST Y 4
B 1 BT (= 5T Ll T R 6 B 6 B AW (B AN (< ) B

75 B H#:2018-08-16

B I TR) T, AS SCAE SCRR (15 ] P 20 il vk B Al
b A ST TS R A B — D i
Hh Y TE DU AR, TSR AT W 3l 2 R0 1 05 1R 22 50
A ) 00 R i, IR 5 55 — 25 i o I DU R I
0 R LA BB 0 3 M AR A A A e D Al
FERE o S I O vk T T TR R i 8l A R i
I BEAT R GEREANL S8, SR 5 R 05 1 VT T 2013
AR Mw 7.0 52 R R ], SR P 25 fiff 1 78 M 72 [R]
72 WY Bl o3 A1 S P AT AT R

1 AL RIENERRIE

1.1 EXFRE
T b 752 7] 52 1 20 o3 A S o A v, Hi 3R (W) AR
R SWZWEshaZ M &tk XR, L&
NP R
d=—Gm + ¢ (1)
Y, G oA bR R B [ 5 d o M 3R OB A2 B E s m
i B 2R B AE R RR W B4 A ST A 2N
A AR B2 5% A OF il e AN IR 2 T B i B R 1)
WA R BOR CS m PR IR KT 05e
BEHLILI % 22 . M8 Tikhonov 1F I £k BB, 4H

I H & B : B KA KPS 4 (41874001, 41664001) 5 YL 7Y 44 A% 35 4 A A % B it 4l (20162BCB23050) ;5 B 5 & & WF & i 2

(2016YFB0501405) .

FE—EE TRV W O, REWRIE 5 ) Sk R b 0 e iz B R U B4l b FE . wleyang@163.com



1266 ) G == T

fi B F 2 R 2019 49 H

{18 T 0] Ay
‘|Gm—d||2+am'rR;le:min (2)

X Ry R R IE WAL AR 5| || A = V5% 0 R IE N
S, — nT LLGE o #0006 Bk 22 FR AR RS i 2
V] F 4 il ke it e T

A SCORE SCHR L1548 5 09 9 25 i 1 (two-step
solution, TSS)#E47 Mk , SCHR[ 1555 — 2D fif R
{18 TE D) Ak 26 B Ay PR ST 6 B T, A SCE8 — 20 iR
BB 2E DU PR P T 2 v 5 0 B - R R H
R (i T=H"H, 50 % F F X L3RRI
B R FRAE I ) o 5 — 2D Al 1 TE WAL 2288 @, W] 38
ib Lol e e sk AT, 0 R SCHR 15 ] 0 55 — 20 i 1 g
SRUH R RIBIT

m = (G"G+aT) G'd (3)
X 144 15 2 B Sl

A(m)=5(6"G+aT) (4)
AP, A(m )RR m B 07 R ZEHEE 560 R AL
K5 ZE A fEL

SCHR 1515 45 fif 35 (9 28 — 20 i o8 55 — 40
fife A 30 10 389 5 5% 2 R I SR, BBOX £ T R AL AR
TR A IE WAL R B o i T SCRRL 1515 — 2 i
F T O P R I o A7 R I A R T AR S5 — 20 i
F% X DU AR B B T 7 3 7 38— [ - B R R A
WA SOR 28 — 20 i W 35 7 R 25 JE SR s, B
S — A5 il 1) IE D0 AR B B v Al 2R T B L A Y
JLER R AP 9 E WA B R o AH N A 56 —
A i B 1E WAL 2 B, B9 (B 23 52 W) UL 00 5040 7 41
R JEE LN KA 2 W7 J= B ) B B B 29 SRR L @, T
R L bk sRIBC, W28 — 20 figk 64 18 3 2 M0 T 3k
LV

m,=(G"G+a,R) G'd (5)
AH N B 183 7 158 22 6 By
Alm)=5:(G"G+ a,R) (6)

AL R A T A 0 505 2 AT O A T DU A
9 25 it 35 1 A R R AE 58 A M b e B — A
Pl 585 — AL S5 335 114 I O 6 DA T 0 2 3 4
BA T
1.2 WHHEMR
75 F H] Tikhonov 1F W £k 125 5K fif i i v, 1F 00
BB — KT 0, ML BT L 45 m 1939 07 %
% B (m, ) KT m, 19379535222 B (m. ), W0 T 358 1
A i 7 39 7 AR 25 BOUF RO R A R BT
— Bk . T T ARR 25 T IR 22 W TR

TR AE LR R /INET 38 07 15 25 W LA S5 AR
TR Z RN, THEF AT, AL
SR I R 22 AT A S

RGP vk i LT F L, R=T, + o, T, Ik
T R GG S T HEE O] B Xt R e &K 5 1%
MR E R, BT GTGIERIEE, Il tr(R) >
tr (7). W THIFEAEME A Ty, Toe-+ T, R Y5 AF (E
HR\,RyR,, G"GH R FRAEAE N A1, A2 4,
H A, >00 Ha4) K (6) K& cwk[20]45 2 m, .
m, Y RN

1

B(m)=tr(A(m))) = Zm w
Bmm:nmwm%zixiiﬁ )
4 A=B(m,)— B(m.), = (7) 3X(8) T A1
np @R (9)

(/lf + a]T,»)(/lz + azR,)

o, n S TE AR HE B R I R AR . A
Ak = 0, U6 W W25 i 15 A8 3 07 BRER 22 8 SO Y %
WS B T — LAk IS HE T

D#ER > T A +a,T, > 0,4, +aR, >

a;

0,014 R, > %Tz,/ll > — o, T, AR > 0,
DR > %T,,/LJr T, < 0.A+ a,R, <
2

0B R > LT 2 < —a,REf AL 0.

a;

DR, < LT A+ a,T, > 0,4+ a,R, <

a;

0, B 4 R < %T —a,T, <A, < —a,R,
AR 0.

%Lﬂuﬁméﬁﬂ>%ﬁyk>—mﬁﬁ
A< —aR LK Y R, < %T —a, T, <2, <
—a, R, AR =0, I I 25 i v 1 i 1 45 SR 7
Wl R EE X TEMM Tk,
2 fEESIS

KT B UEA SR AT AT T R G
LI BEILSL B 1~6 B T S50 3R 1. B
GPS = J5 [m] S g5, 0 B 1 Fr 7w, 25 T2 A8 50t
WL 2 E(0,3" mm”) .,



544 B oM TRV AR N 5t 7 T 2 () 2R Bl 40 A1 B 0 A A TR 1267
F1 ERUXWIERSH
Tab.1 Default Model Parameters for Simulation Experiments
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Fig.1 Simulated Observation Points of GPS Three Directions
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Fig.2 Regularization Parameters Determined by L-curve Method
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Tab.2 Inversion Results of Two Methods for Simulation Experiments
ik 2 o8 1 T 2 FE 3 T4 FH 5 JH 6
I KW 8t /m 1.250 1.240 1.196 1.249 1.207 1.312
X3 B /m 0.318 0.321 0.322 0.320 0.324 0.318
0SS % MR Mw6.589 Mw6.592 Mw6.593 Mw6.591 Mw6.594 Mw6.589
75 1% 25 /mm 3.0 3.1 3.1 3.1 3.0 3.0
AT a 0.28 0.3 0.18 0.27 0.29 0.25
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¥y iR 2% /mm 2.8 2.8 2.9 2.9 2.8 2.8
TWHF @) /ay 0.28/0.28 0.28/0.24 0.18/0.25 0.27/0.25 0.29/0.23 0.25/0.22
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Tab.3 Comparison of the Inversion Results of Two Methods with True Values for Simulation Experiments
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R/ % 9.37 6.38 12.05 8.80 11.16 7.38
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Tab.4 Relationship Between the Location of Eigenvalues and the Dominant Conditions of TSS Method

in Simulation Experiments
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Fig.3 Inversion Results of Co-seismic Slip Distribution for Simulation Experiments
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Fig.6 Inversion Results of Co-seismic Slip Distribution of Lushan Earthquake
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Tab.5 Geometric Parameters and Slip Parameters of Lushan Earthquake Fault
kU5 WM/ ) BRWEE/m WEKE/m FE5K AL /(101 N+ m) FHRE R UG

5] 1 ) 80.13 0.75 21.94 0.72 Mw6.54 —
TSS# 70.62 0.65 51 1.19 Mw6.68 0.763
OSS 70.37 0.55 51 1.07 Mw6.65 0.741
SCHk[21] 71 0.91 31.2 0.53 Mw6.45 —
CHik[22] — 1.59 — 1.54 Mw6.7 —
CHk[23] 71 0.61 46 0.95 Mw6.6 —
USGS 93 — — — Mw6.5 —
CENC 95 — — — — —

:USGS by 36 [8 Ml i 3 45 J&) (United States Geological Survey) , CENC 4 i [/ 11 7% & [ /1.0 (China Earthquake Networks Center)
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A Two-Step Solution Method for the Co-seismic Slip Distribution Inversion

of Earthquake Faults in Geodesy

WANG Leyang'*

ZHAO Xiong®

GAO Hua’

1 College of Geomatics, Shandong University of Science and Technology, Qingdao 266590, China

2 Faculty of Geomatics, East China University of Technology, Nanchang 330013, China

Abstract: As for the ill-posed coefficient matrix in the process of co-seismic slip distribution inversion, a

two-step solution method 1s proposed, and the Laplace second-order smoothing matrix is used for smooth-

ing constraint in this paper. This method not only solves the ill-posed problem of the coefficient matrix, but

also suppresses the large gradient variation between adjacent fault patches. During the inversion process of

two-step solution method, the L curve method is used to determine the regularization parameters. In this
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Accuracy Test and Analysis for GPT2w Model in China

ZHU Mingchen'? HU Wusheng' WANG Laishun’

1 School of Transportation, Southeast University, Nanjing 210096, China
2 College of Engineering and Architecture, Tongling University, Tongling 244061, China

Abstract: GPT2w model is commonly used to calculate the meteorological parameters at certain location,
such as temperature, weighted mean temperature, pressure and vapor pressure. It is also the public empiri-
cal model for tropospheric delay with the best nominal accuracy. In this paper, meteorological sounding da-
ta from 2013—2015 of 86 stations in China is used, which have participated the global meteorological ex-
change. Precisions of meteorological parameters from GPT2w are examined and analyzed. It turns out that
the average bias (Bias) and root mean square error (RMS) of temperature are 1.31 C and 3.62 °C, respec-
tively. For weighted mean temperature, the Bias is —1.58 K and the RMS is 4.07 K. For pressure and va-
por pressure, the absolute values of Bias are smaller than 1 hPa, and the RMS are 6.98 hPa and 3.04 hPa,
respectively. Using the data from 2006—2015, periodic characterization of the accuracy of different latitude
models are analyzed. It turns out that the RMS of temperature, weighted mean temperature, pressure and
vapor pressure shows certain periodic patterns, and differs with different latitude regions. In general,
GPT2w model exhibits high precision and stability within the area of China.
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First author: ZHU Mingchen, PhD candidate, specializes in GNSS meteorology. E-mail:491203657@qq.com

Corresponding author: HU Wusheng, PhD, professor. E-mail: wusheng.hu@163.com

Foundation support: The National Natural Science Foundation of China, Nos. 41574022, 41274028; the Key Project of College Natural
Science Funding of Anhui Provincial Department of Education, No. KJ2018A0480.

B e B L o e e L s S i A e A e S e St R A aam st S Y

(B35 1273 1)

paper, systematic simulation experiments are carried out and the Lushan earthquake is used as an actual
earthquake case. The maximum slip inversion results of simulation experiments show that the inversion re-
sult of two-step solution method has been improved between 3.34% and 19% than that of one-step solu-
tion method in accuracy. The root mean square error inversion result of two-step method is less between
3.3% and 13.3% than that of one-step solution method. The inversion results of the L.ushan earthquake
show that it is feasible to use the two-step solution for slip distribution inversion.
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order smoothing matrix; least squares; Lushan earthquake
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