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Reliability Analysis on Non-parametric Spectral Inversion of
Seismic Ground Motion

WANG Hongwei'”, REN Yefei'’, WEN Ruizhi'?, ZHOU Ying"’

(1. Institute of Engineering Mechanics, China Earthquake Administration, Harbin 150080, China; 2. Key laboratory of Earth-
quake Engineering and Engineering Vibration of China Earthquake Administration, Harbin 150080, China)

Abstract: Non-parametric spectral inversion is the key technology to study the seismic source, propagation path
and site effects. The reliability of spectral inversion was responsible for exactly understanding seismic source
physics and effectively predicting seismic hazards. In this work, the non-parametric spectral inversion of ground
motions during the 2016-2017 central Italy seismic sequence was used to systematically evaluate how the
reliability of spectral inversion was dominantly controlled by several decisive factors, i.e., constraints for trade-
offs between source and site terms, selection of one- or two-step non-parametric inversion methods, and potential
effects of trade-offs among the parameters describing source spectra on their estimations. Results show the crucial
effects of reference site on the inversion reliability. Multiple trials for the source spectra and source parameters
were necessary for selecting the appropriate reference sites, which were preliminarily regarded as rock sites based
on the surface geological information, the horizontal-to-vertical spectral ratios, etc. The usage of either one- or
two-step method has obvious effects on high-frequency propagation path attenuation at far fields. However,
negligible effects occurred on source parameter estimates. The one-step method was preferred because the path

attenuation given by two-step method could be interfered by the site term. In order to eliminate the effects of
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trade-offs between corner frequency (f;) and high-frequency decay parameter (x), low- and intermediate-

frequency source spectra were suggested to estimate the moment magnitude (M,,) and f;. It was found that trade-

offs between M,, and f. have weak effects on their estimations for the cases of f, > 0.5Hz. Predefined M, can be

included for the reliable f; estimates for those large events with small f;.

Key words: seismic ground motion; spectral inversion; reliability; reference site; source parameters

i B I R AR [R) B 43 B M R Sl AR U
4% I A% R A b A8 1) ¥R AT 3, 2 T ok 1o,
T3 R R YRR b I R bRk
I MR S AN E P A RIS, X SRR R A
PR R TR PR FTHE KR | n] SR T b
RSl S MR G R AT 4 B TR,

R 1 4% B A2 Dl o I Ui 22 57, 3 IR T80T
B4 A S EALFAE S AL P Fl . Castro 251" B ¥k
P& RSB T AL R PR A e D 2 TR R R S 1Y)
P R UOT T R, RV EL T A AR R
P, SRR T bR ARG o AR, ke T2
A R A RS IR S QY D v e R ]
TR RABEE 2 A, 135 15 M= D S Vs 5 RE ) ) B
Fo9L. ZJRAES AT IR 12 N T R I R
i DX ) 52 0 T U AR % 7 A TR AR A I ST
Bt H A g 22 R A EHE s pg )|
Mo XV AR L SR T, AR RAE S B T A
o7 FH B3 3

A AES Bl SO 1) 18 083, (R 3
45 T (10 T S T A TR A B 22 IR T R R
T SR AR IR I 2 [R] B R (trade-off) ,
— ORI R SIS NS H RSB, S5 )
TR SR 25 52 S 45 S0 T S, i g
BEXT AT 4R G B A 2 5 Yy kb s G BRI AR
SR 2E 5, BB R AR A AR
IR ) b 1k 0 S 4 SR R A A ] R 2
SIARTERE, WA T B Sk F R 7 k.
R FHE R YR AR S Y L b R 40 AR AR
FR, DRI R 1 S T 4 R T R R R S5
AR SR IR R PEAIE 5T, MR R A4 F R 22
Ii1] (A ] BB 235 WA AR UR S B T T m] S ™,
fE R IR S H 2 18] AU HAG TR 52 43 2.

Xt ) 1 R Sl A SRk S T P S 1) O
W, AR S H G e R TR A I R
RIRS AT, AR SCLL 2016—2017 4F 75 KA il s
T 9 B b Bl AE S S AR Sy A S A, R
PRSI0 R AT T HIERITS) 8 000 AR T AbHH

A 5 o A L RZ B 53¢ (http://esm.mi.ingv.it/ ) , ASfifF
B 10 ST (A T s (PGA)_EBR (100 em/s®)
BRI 1 BR (100 km) B £ 3l /4 5% 0 s 80T FR
(10/10) , & T 1424 5wl W5 1Y 78 IR
M, =3.5~6.1 ZHFZR 5135 VI H T B 3
WEFE, BB S WA 5 B AR X i v 1
THBRAWTIR 2, S BB FES SR 20 43 5 A T
WA e, BR ABIKSE D5 1) S B H I
T T ARAC UL 2 S A 1) S U A IR AR5
TE R 2 5 72 Bl 1 o P A O 2 8 RO BRI T4, sk
PR S A /D s R R A SR R RN AT, 3l R S84
BT R A5 AL, B i R S T T Sk Y LR R A Y
YA BRI, AT HE S 25 SR B T R AR IR B Y
WERAI R B 372 S R0 52 1 B 7 Rt
1 SRR RRS A

55 i D HLER R M) e j D Eul GRIREE R,)
LI 1] f M Bl K S Uk 4 L IR E G (O,)
A RRH

InO(f, Mi,R)) = In S (f, M)+ In A(f,R;)) +In G (f)
(»

s IR S(AM) R A MR R R
ARy ALK FEALTEWG G S j A5 uli 7

P e N S I I3 v o3 B AL 1 B A U
W 14), BB

In Oy(f,M,R;;) = In My(f)+In Ay(f,R;)),  (2)

o M) 55§ PHFRRE R IVH IR .

Z i WAL AR B TERY S Wi 3 v R
O BRI (5 2 25 ), B

In (0(f, Mi,R))[Aij(fRip)) = In Si(f, M)+ In G(f).
(3

FOPYE EHOR (1), IS A% 3 v [a] ik
Ir B R IR AL R AR TEDRURI I I, SR A Iy 2R A
B AR R N R A 7 e T ) RA


http://esm.mi.ingv.it/
http://esm.mi.ingv.it/

%1H

54, S WEF A AR BUE T AT 3

2 SEIGMIEE

S — RO E S 1 R TE XA B
RS St SO S R 1 A A
"Bl > — AN ORI 0 A S . SR
AR S AR Hh R IR A S AR S S 5 4y
PRIXE, Z2 5500 5% SR 3 MR RO AR 1 A — B
AR E S it

— W IR NI R AE IS H A A 1) i
Hi SR, 0 : S 2K ) | 37 b A 508 U0 I8 ()
Wik R 30 m TJZ AT Vo) 555 2) K-/
E(H/V) i L h £, 5 A S i v Lo it 26 7E A4 i
B AP HOE RN, S ORIE S 45 R AR e v A
Al AEYE, Bindi 2R RUAT BEBEBOULINC 58 A2 i %2
ERGEE Nt & DR RN D N E = SR =l
Pacor Z5MBE FIFA 34 ¥ R A1 it L35
RAE N 1, R S i 265 B 6 0l 17 3 J sk
BN, P UM iR <2 A 2
X a . Oth " X B A bk AT
T , T8 ok 52 PR R0 57 b R0 4 35 S 8 AR 2 SR AT
PE . BT AR A AR, LRI S
SR T RIS 5 A ) — R 5k, (HiX L
TEPPRARC NN Z , 7% Y i BUE 2 e 135 1
D CIETA G

H4E Eurocode 8 BLIE, ASAFFTIY 142 AWM 15
uith A R (e A G sl B S A B 1

10 ¢ 100 g
2 i s ol it ol
ﬁﬂ 0 L .:. 4’:,5! 0 "..,-,,,t .:,..'...-..A;._,:x.“,
Do SERU
= =
101 101
00 1o 0010
B# Hz $i# Hz
(a) (73) (b) (111)
10" ¢ MNF
oS Y W< B 0 1Y W
;F"E[ 0 i -‘- — ;ﬁ’g o~y Ly
S R
T [ T F
10’1 ISR EET] R S R T E— ) 10’1 IS TT1 S A R TTT] B——
10010 10010
ik Mz $i%/Hz

(e) (60)

(f) (58)

H/V it

H/V it

)3, RIS ZA KT S m H V0>800 m/s)
Bulidt 33 4, o 7 ARSI G 5, A 251
BUVE RS b 535, BRI IOk &5 s i 1 22
KA, ZIABER MR, 7 AT W & 5 A A
IEZF. 26 MAEEG U, ILRE=50 41.40~50 41,
30~40 41.20~30 £ . <20 HEE 439K 7.5.2.
4F 84, A TE 40 B AL & A 19 34> & uh (LSS,
AQP I PSC, Vo 43519 1 091.,836.1 000 m/s), H
A LSS 5 3 A 0 5% 7 2 (66 41 ), AQP Fil
PSC 3l WIS/ (43000 15 40 14 41).
AR/ N R L, A LIS SR EAN D T 50 4
(73,111, 155,105, 60,58, 157) 1) 74~ & ¥k (LSS,
TOD. FIAM, GNU, MNF, SPM 1 MGAB) 1 i %%
Ve, i ZAE BN, v A8 2R i 5 il
SRR 2 BIRI 74 6 6B PGA<S50 cm/s’
B WL 3T S 144 0.25~20.00 Hz By H/V 3% [ it £&
(ULIE 1). FIAM 15 3 6t = b JE AR 4 34 5 I H/v
T H i ZRAE 1 Hz FfF 3 o 3048 o WA 8 i 64 ; SPM
B FBES 2, H/V i H il 2 s (E K H. 6 Hz
RRF ST H BRI 208 ; GNU FIl MGAB A 3 19 H/V 3%
Fb il 2R RAE R, BRI P 5 2 77 B 5 3 b il
KB, LIk 4 GRS S1E RIS %A A b,
LSS 5 3 XI5 53 7 A M T (K29 100°) L id
SRR IR I B K (30 km)  H/V 3% Heh 2248 H.
EE/)N; TOD Fl MNF 53 (1) H/V 1% Lo 46830 B
EAE/IN, I 3 A5l AT VE Rk i 278 5 A .

10" £

FIAM
3
o
2
jas)
107! 107!
10° 10! 10° 10!
AR Hz AR Hz
(c) (155) (d) (105)
10" ¢
; - BANMESE H/V i
107 = — PR
—e— - HELEIME + 1 AR hRAEZE
107!
10° 10!
$Z Mz

(g) (157)

F 1 #%%&5%Z A0 H/V g2

Fig. 1 The horizontal-to-vertical spectral ratios at seven stations
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