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dynamic processes and driving mechanisms of plate tectonics and the whole Earth system. Receiver function ima-
ging is a well-known and widely-adopted seismological method in extracting the structural information of the
Earth's internal discontinuities, and has become an indispensable tool to investigate the layering in structure and
composition, and the thermal states and deformation behaviors of the crust and upper mantle, lithosphere-astheno-
sphere, mantle transition zone, and even shallow part of the lower mantle in the deep Earth. Since the receiver func-
tion method was proposed about half a century ago, great progress has been made in both methodology and applica-
tion, targeting to subsurface structures of various spatial scales and from one- to three-dimension. In particular, with
more and more seismic arrays being deployed in global and regional scales, and the continuous advancement of
computing power and imaging theory during the last two decades, receiver function imaging has only become more
powerful to constrain the subsurface structures. In this paper, we first briefly review the development history of the
receiver function method. After introducing the basic principles involved, we then outline the major progress made
during the last two decades in both methodology and application of this method, including but not limited to recei-
ver function construction and forward modeling, receiver functions analysis for complex media or detailed discon-
tinuity structures (e.g., anisotropy, dipping structures, irregular topography, sharpness of discontinuities), ray and
wave-equation based receiver function migration in imaging crustal and upper mantle discontinuities, velocity in-
version of receiver functions as well as its combination with other types of data. We focus mainly on the following
three aspects: deconvolution techniques to construct receiver functions, imaging of discontinuity structures and in-
version of velocity structures using receiver functions, with specific emphasis on the recent advances, challenges,
and possible solutions. In the light of the emerging and future trends in seismology, we finally discuss the direc-
tions of receiver function studies from the viewpoints of both methodology and application.

Keywords: P- and S-wave receiver function; deconvolution; array-based receiver function; migration; body-
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Schematic diagrams showing the P-wave and S-wave receiver functions (P-RF and S-RF). (a, b) Ray paths of Ps conversion

and multiples and a theoretical P-RF time series; (c, d) Ray-paths of Sp conversion and multiples and a theoretical S-RF time

series



$53% Fol

Rk, &5 F ek B TR BOR BASBTT JiE b it B * 683

R P PARMCRE S PR R BN IEASH . 5k SN I RFIER Ll

Table 1 Comparison of basic parameters, method and application characteristics of P-wave and S-wave receiver functions
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Fig.2 Comparison of P-RFs calculated by various deconvolution methods. (a, c¢) Single-event and 32-events-averaged P-RFs for a
station located on the bedrock in the Daxinganling area; (b, d) Single-event and 49-events-averaged P-RFs for a station located

in the Songliao Basin
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Fig. 3

Schematic illustration of the array-based coherent receiver function (CRF) algorithm and its application (modified from Wang

et al., 2021a). (a) Schematic illustration of the CRF algorithm. Due to the close station spacing, the sub-surface structures at
nearby stations commonly share similar features. Thus, the deconvolution at a single station can involve the constraints from
the nearby stations and multiple earthquakes to effectively suppress noncoherent noise and local scatterings, to improve the
reliability of RF estimation. The right panel shows the CRF for a sub-network including five neighboring stations. Purple
dashed lines indicate CRF phases, each of which is represented by three parameters: relative arrival time, slowness, and ampli-
tude. (b) Comparison of the performance of CRF (phases with reliability >68%) with the traditional "single-station-single-
event" RF deconvolution methods for a dense array with a station spacing of ~250 m and an observation period of one month.
Black dashed lines are inferred sediment-basement interfaces based on the imaging results. Due to the non-uniqueness of the
deconvolution and the insufficiency of the data for stacking due to the limited observation period, the basin structures obtained
by the three different conventional methods differ considerably from each other
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i (¥ % (Niu et al., 2007); 2% L& Moho [HI Wi &1
UL H-r-0 J5i% CSRUEXEE, 2009; iH3E, 2018);
7 JE Moho I TREMUS RPN TR 5 11 S L S5 44 Y H-
k-c J7i% (Lietal, 2019), LLRCRHAIANIE S0 73 531
ARILTRR 2 R0 &5 it b 50 J5 8 5 el LU A SR PR P J2 4
WA B Ho-x & N7 105 (Yeck et al., 2013; Yu et al.,
2015; Zhang and Huang, 2019; Wei et al., 2020) %%.
K BRI H Here 78 I S BS03E T7V 3R B 5
JERER Vp/Vs OO RIARALE) J3 A, mI A2 it 5%
EaR I NI VADA R N I (A R R ok P R
( Christensen, 1996; Ji et al., 2009) . B T-iXFl SN
TrRReng i G N O AR BUR AR R I 2P, JF 5
TR, R E TR, I 2 TRk
R Pl AN ] oy 3 XS5y M 58 S5 R IF 9 (Al He et all,
2014; Wang W et al., 2014; Wei et al., 2020) . 410,
1T SE bR 7o 4 M 1 32 2%k, BCRR B Hone B 00 %
FEAN I (o et 7 V23540 5 3 T e T AN 6 R AN
TR . 0 IR RT3 S A RO N Y AT BE T 2 A
T ILE R TV, 228 2 RPN
Bl BLRHE B T BOT s whot (ar,
French et al., 2009; Yuan, 2015; Wang et al., 2018; /4
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LA, 2021) .
2.1.2 WA

TER G W R ooy Arrh, BE w2 TR ea
Ps e N 3% 22 I S5 B B A1 BT REIE 3R AT 6 3l
NI ARG L, AT R X SRR AR T B
JR 5 A AR AR SR B e 25 R AR A5 R (4
W, AGURE S RN/ B 1) SR S5 KD . ARIKAP R
Frifl ChBuRAe D A BT s 7 v CHE % )
St oY) Bl R 8o L Re R, H SR m
W R B, ST R A (B S5 7 6 A JA AR AT
i P ¢ £ ( Savage, 1998; Frederiksen and Bostock,
2000; Nagaya et al., 2008; 55 37 # Fil 5 3 °F | 2009;
Schulte-Pelkum and Mahan, 2014; 5K & 55 %5, 2019) .
MR Ps e 480 72 AH B0 6] b 0B e 2 A 7 8 ] DA 3R
36wl N 5 S e A i Sk R A g 1),k
A 0 M RR BB R AUA AT e SR . e
T ) SRR B A T AR G T A AR AR m) )
Ir) 2 i bR £ Moho [f1 Ps #e 4l 73 R0 07 (S sE
BUYIRIr R MR SRR UL 58 % ) S 2 HH)
Jrid, RIHR AR T AL 6 el ok B UEAT I
WM TR TE, ZieEW. g, &HT
M= AR T AL A R IS B0 (AT, Liv and Niu,
2012) Ik C) T N A TR OB A 1 S
SERBRAR 0 AT R v R L Bl A A AR I AT
Aty o A S AN [ Ry 3 DX e 2 g % 1)
PE 25 K (h S bR BF 5T Cln, Bostock, 1997; Levin
and Park, 1997a; Frederiksen and Bostock, 2000;
Mercier et al., 2008; Nagaya et al., 2008; Bianchi et
al., 2010; Sun et al., 2012; Schulte-Pelkum and Mahan,
2014; Wirth and Long, 2014; ¥4, 2018)

SR, LA 2 W R 2B B 7 07 A B0 O e 5
PESS B} S 1 15 & 0 S 1 5 4 £ JEL O T i F 22 A
HE. Frederiksen Fll Bostock (2000) i ik # i P &
G5 ANTR) A 110 S5 1 3 e RMBTL AR 45 o I ) 2 WA i
W BE S T5 A7 1 B J AR AR R BN TR A s
A 10 7 P g AR 7 TS -2 WA R 1 S Wi A AR
HMELAT X 73 oAb, BURE &5 A B 1) S 4 i 7 2
(IR B AT T 2 TR T S e S T P AR — B 45 44 1)
SRAE S, I ML (K 4a. 40, BRIT 1%
PR OE S S LK i

N T A TT PR R ek B FA) D e 73BT
SEMUBUAR} S 2 1) S A AR B, IR R T
Z MR 1) 5 BT 73 o, 3 RE I I O BT T

v (Park and Levin, 2000), 2% T4 In] 52 45 44
ATk 8 A LA R /N IRPSE A v 85 46 7204 55 5 | RS B2 AL v £
WIERE 747 #0142 AT AN [ 3 B BRI R AL
SR BRI E A b A L. T ) 2 e ok R AT I U
WA AL G, H g R R MR R R 6T B PR 9 0 B
AT FH DA WA 25 v e 1 A 45 A B TR - (Bianchi
etal., 2010; Sun et al.,, 2012; ¥ WF4F, 2018) . iX—7J5
TERAE R S s D BURE 2548 5 25 ) S P 5 A A
SHME T (CERY%, 2016) . X1, 55 E
BeO» 3 BT LS NS G Bl Bl b 2, T
BN E o AT HAR A, SRIRHIME S
PR Hh SR g ) — YRR BRI A ) S R A
SER AR Ry, S [ e B 8 Ay S A
AEBMHER GREEFESE, 2019  HHERHAA
[F) S 75 B 571 FR~T- B e W ek B8 L B 2 B 1380 i R i
PRECR S e g R L AR A 1) T3 (Schulte-Pelkum
and Mahan, 2014) AHME, FRe M 5 AN T 3%
e TR B AL (& 4a-4d), MR
HERAT B0 7 B8 4540 AR 5 AR A A5 S v RE,
1M HL45 T B0 TR 4 1) e PSR A DL T 23 25 R
MG BIYIE 2% (K de. 40 . AN, &7
AR T DX 1) [P ABTRE 285 48 FHOR PR TR %%
) S Pk S5 A DTk T B (1] 4g. 4h) . FEARSKATE
G, FETWETUN G 1) 45 R s AR 18 538 1R 2017 7
%, BUSANFE S TOTES G KRN, TR
FRAY SR M O R b S R A B AT
W

22 BFERE

BB H A= & BRI B A (1) 2 Jie R 5 3 285 52 ) 38
I, ek BT GG D ST T A 5
e 1) ) B AR & BRSO I 3 AR A S B PR b 5B 2
ORI FOR T AR BRI, CORIE T —RAIET
& BE W e £ S I/ B A8 7, FRAEHBER N
IS 2 R RN e R 4 A AR A R ) A L R R B
& R BB T80T 53 h BT i S S AL I 28 0 g ik
RHIEE T S 28 5l Bl BRAR 19 D B IS5 PR RS

TR AU e 78 N7V e LR RE (1) B BRI R
%1% 77 7% . Dueker FIl Sheehan (1997) 1 56 [ 5
P Herbey £ (common mid-point, CMP) & Jiii ) &
AR TN BB R B 4 SR s T8 25 5 )
TR RLREAGURE NS P22 0 R 252 R B I 5 NI A
KAATHRIE, FEE MR E BET J7 1) A AR
K% . B J5, Zhu Fl Kanamori (2000) #t— 5 tidk
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Fig. 4

W FE ) A% i) B W o S AR ] S B I&ﬁiﬂ G (oo d) 2P A FREN K& ) SRR Cn 25% WD) 42
1] PSRRI B AT B 3 — Ry AR, Ces ) 3 A GRS I 5 0 R K- % 1) S P3G AE . e ol S R
AR R 3 . =R AR, %%ﬁmﬁsﬂ Cgs b J3 50l A s kA A AR5 1 S P ABE PR A4 i 2 S oy 4
W SR EMER, WRIEATEOR S . B A AOR ER TS S

Principal component analysis of theoretical radial P-RFs (modified from Zhang et al., 2019). (a, b) Synthetic P-RF waveforms
with 25% noise added and the reconstructions by the second principal component for an isotropic dipping discontinuity model;
(c, d) Synthetic P-RF waveforms with 25% noise added and the reconstructions by the second principal component for an
anisotropic model with a horizontal symmetry axis; (e, f) Reconstructed radial P-RFs by the second and third principal compo-
nents, respectively, for a complex model with the coexistence of a dipping discontinuity and a dominant anisotropy structure
with a horizontal symmetry axis (amplitudes are amplified by a factor of 5); (g, h) Reconstructed radial P-RFs by the second
and the third principal components, respectively, for an anisotropic model with a dipping symmetry axis (amplitudes are
amplified by a factor of 5). The waveforms with positive polarity are red-coded
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ZIT, PR T HE R UL e S (common con-
version point, CCP) EIIJ77%. R4S & M R,
CCP BN T 12K B 45 B oR B e S SR B A% S #3531
I, JFAER AT S g (& 5) A
T CMP & 0 77 i B IR A BREE XS 3 — IR B SR AR,
CCP I IPLALE T [ B X ARl R B SR £, CCP &
I EAT R, TR, H TSR i
W G T8 45 AL B 5 b N T2 R W ek K18 0T
(A TTERE T 7K 2R e, HANE G — 0
SR AR, O AR S TR 45 KA A7 AT 5 B ) N3 )
PERIXIER,  andffehaty . BT A, BT ok PSS
SN OB AE LRI Lk g5 K5 (1] 6an 6¢) .

AT AR A BRIV [ XRS5 4 1 52 5 o 0 0 2 it
PG R B 5 )48 o DL SRR T R IR 3T,
A TN 8 3 >R FH (%) v b 2 Bt Ik O B B AR 43 5 |
N BRI A B b R4S Mk Py 358 5 i 1 ]
SE MBI T ATRE. W% S M Rl sk I U R B
T (WA ) 2 HL T 2 (A AS [R] VR BE R AT BB i itk
Pt 5500 1 2 T SR W B — ] S 4 B 3 31 M 2 )
AT CCP & MM ITIEAE, AW AR A T
AR R KT JZARAN T, T A 7% R B Ay <k 1) b 7
WU (5D, AT ] DA 807 B 8 3 sl ot
IR G SEIAELE A ) AR s A S A
(W52 2 T a5 g (1 6by 6d) . AHNHE, (R
BRI L CCP & vk S A 5y, i) e 7 A2
52 A1 6 BRSO A R AR IR L A8 i % (Shang et
al, 2017) . X2 EE| LR, Ay ek

(a) 0 A A A AAAAAALDLALADLALALALAAAL
Ps
20
E 40
- R

K60}

A B UL 4 T RE T 22 ) A 8 LR e WAL ok H i B B 5
g AL
s TP A RS e 1 AR, 12k 20 Z24F

CRRE T — R IR R B B8 B 732 il tn, %
T Kirchhoff sy A5 2 3 ALL K AR Py 2 i o K i 7 7
7% (Ryberg and Weber, 2000; Sheehan et al., 2000;
Levander et al., 2005; 5 JK 2545, 2007b; Cheng et al.,
2016; Millet et al., 2019), BL KR FH AN )ik 3 43 i
U A B () Sk 735, WAE T o-p A2 i (1)1 TR
i #% 77 1% (Poppeliers and Pavlis, 2003a, 2003b) ,
BT S ) B P )T X Radon A2 # i 7% 7 %

(Bostock and Rondenay, 1999; Bostock et al., 2001;
Liu and Levander, 2013), &5 P& 55044 38 i 5 4%
PG =4 B A7 % 7L (Hansen and Schmandt,
2017; Zhang and Schmandt, 2019) %§. 5 ik Gk
TIEANIR, 5 — 2R sk B A% U 07 122 B
PR R MR IS, AFEEE T ) U7 FE R o £
& J5mF (Pavlis, 2003; Chen et al., 2005a, 2005b)
M E HT A% )75 (Shang et al., 2012; Li et al., 2018;
Jiang et al., 2019) &5, XLEETER T B ST
oAb, BEA Z A AE TR W 3 51
LA Je 2D &5 3D 8 i X%, 4l Chen 5 (2005a,
2005b) K H 2D AH £ Bf ¥K £ fW # , Shang %5

(2012). Li & (2018) 73 J>K ] 2D #1 3D £7 R
ZE5P I A%, M Jiang 4% (2019) *KH] 3D A+
e AL I W

S R B T RSP R B % 5 12 B A A

(b) 0 A A AAAAAAAALALAALASLAL
I PPs
20F i
! , /
E 40
@ B
% 60 F
== i L %y
— FHTH B (PP) Jese
80 || - — - il (5) «
H CCP IR
100 s s s
~100 -50 0 50 100
2§ /km

P R B OS B (CCP) % (Zhu and Kanamori, 20000 FIMA: SR 2 w2 4% (Hansen and Schmandt, 2017)

JR B . CCP & N EEE TP RARA BB B, R el B [ e S et 4 (RO ) Sy 213 kAT &
IR ULt T AR AR kD5 T S 5 i A A5 00 2% 18 b AT R PR A e oA 1 B P RS (0 RO A% (X 380
TS SR VAN R RAT R FL RO N SR8, () Ps BBt % (b) PpPs 2 KB A%, FLA I B e xt v

— Ik (P)
80 Bl - — st (9)
Y CCP if4 s
100 z . .
=100 -50 0 50 100
S /km
K5
S S AR S5 R4 (1520 Hansen and Schmandt, 2017)
Fig. 5

Diagrams showing the differences between common conversion point (CCP) stacking (Zhu and Kanamori, 2000) and scatter-

ing kernel migration (Hansen and Schmandt, 2017). The CCP stacking method is based on the assumption of horizontal lay-
ered media, in which the RFs are back-projected along the ray paths (black dashed line) and stacked at the conversion point
(e.g., the red star is the imaging point). Scattered wave migration, however, considers possible subsurface scattering points
(distributed in the colored scattering kernel region), and can thus image subsurface structures with high precision. (a) Scatter-
ing kernels of Ps conversions; (b) Scattering kernels of multiples. The amplitudes reflect the structural changes at the corre-
sponding scattering points required to match the observed scattered phases (modified from Hansen and Schmandt, 2017)
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Fig. 6

Brown, 2002), M B @O EEMRKAREA T, (e, d) HHEIERIHNH L E B (BEXE Chen et al, 2006a),
Feri~30 km ¥R AR W €405 5 4 Moho [, ~60~80 km A FULL 4455 4 LAB. (b, d) 4344 Kirchhoff & WA
W e mAg R, A EE U RS ) CCP K& (a, o HILL, WBEE (b, & HA T SKFEEL,
A 0V R 5 A R 1 AR R AR

Comparison of P-RF CCP stacking (a, c¢) and migration (b, d) images. (a, b) P-RF imaging results for a theoretical stair-step
model, where the black dashed lines represent the locations of input seismic discontinuities (modified from Abe and Brown,
2002); (c, d) P-RF images along a profile across the eastern part of North China (modified from Chen et al., 2006a), where the
blue signal at ~30 km depth marks the Moho discontinuity and the red one at ~60~ 80 km represents the LAB. (b, d) are
obtained from Kirchhoff pre-stack migration and wave equation post-stacking migration, respectively. Compared with CCP
stacking images (a, ¢) without considering scattering and diffraction, the migrated images (b, d) exhibit higher signal-to-noise
ratios and thus can more effectively recover the lateral structural variations

e 3D WA, (HAEBOR AT 2 i SR A

IF] AR ORI RV L T T 5, A e g
THFEHEAE R IE . BCRAHRTR BRI P 2%
A T A5 s AR T A 4 h vh 2 S 22 Bk A%
R DX DA R TR LS 2 S I 0, A7 A [ A R A A i) R
M LIRS B A5 i 0% 80 5 RE % 7 175 18 M 7R U 3
IR SA T, REfS TE HER Hb R R A i 1)
WAL TRRFAE . AR R, AT S R T A 2
TRk BRI A, BT S A IR RO
(Chen et al., 2005a) . #R1M, P80 R AL T

i 2 T0] JEl) 8 SR P R A Oy 17 SHE B o B 200 A A%
REIE, A RAT 2 K AT BRI 2 BOE I 5 A
# (4, Dahlen et al., 20000 5| A 3| 5} £k fii #
AR T R BT BRAUBON A% 3D i B U5 v

(Hansen and Schmandt, 2017; Zhang and Schmandt,
2019) . XA oR 50 M B8 BAR T VE A TS A
Wesh TR A NI 235, AHIA B & T
SHERTTA.

SRR UHACRAG, W H R EE, B SIS, Bl B A2 AR ik i T &
SRR ) s DRI 3D kR AN R M RIS T A . AN e B = iR . S

5+ (Lietal,2018) . F5 832, ok
S REMBEHESE S, 2D s 7 ik bl boE
2D W3 Gk S5 4 D AR S 1Y 3D BT L

2 B BRAT S 22 e 3 LA 1R K e . B A 4 Bk ] 5
AT FH LR S 2 AR M 7R & B UL PR RS e, 4%
WL BRI % AR O 1 LR D W T H5E (Wang et
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al., 2018; Jiang et al., 2019) . ‘& A1 [l — # i

(Chen et al., 2005b, 2014; Shang et al., 2017; Wu et
al., 2021). g d i 47 5L 2 H g THHE (Chen et
al., 2009; Zhang and Schmandt, 2019) A~ [F] v 5 Fl A
Ie1) 05 [ P 552 o % 1T &85 R T 0 . A % AR A R
g RSP IR A 2R A MR IE AR U7 T B
L CCP & NG 2 B Wl W g el (& 6D,
HX FEA E KA 25T CCP & g LR 5 4
Mok AR 2G0T, 5 TN S B b e L) ¢
BHEUE 2 )78 55 1 DL LA A GT H R, W EE & 1)
AR B VBT R 55 AR L PR M R Bk, CCP &
B HERRENINEAE A ARG . A Rk
(SR Uy S NSO R e Aol U9 S
AR B AR R BURE A 2GS, n AR
TR 7 o R R/ 25 A 1) 53 2 R R 208 DU 4
BB T7 RS UG SHE,  DAds R B2 i R 8
RAETT L.

2.3 [EREESHEAR

FOWM L B TE B EOR, IR 2L SRS Mk
P ISR A0 A B ) R B B ). IO # B2,
BE— 0 R AR & BRI AR, TR =Y
ol 115713 SN =107 16—~ N i B R A S
SRR 6wl Al B AT S ANSEIRIER 1), T =oRS P 1R i A%
JRAG T LA [F) BRI SR, BRI, AR R T %
AR 6 MERLIN R LA b, 3 T S REAH V. 1) s s
IENM T3, DA 5 4 Hb il 25 Hb R A B % Cn,
Shang et al., 2017; Zhang et al., 2022) . M\ J5yEH R
FATE,  H I 2 B ok B g i) 322 H AR & 5t
TR B S FoRR ) AR Ak, T L R . Pyl S vk
AR 3 JE AL S S S A A D R
VRAR T2 A H bR S AR G A A 5. T AN (] S S
W B WP & TS S B BUR AN, T
WA AR /K (PEL 4.1, Bostock, 1999; Julia,
2007), PILSEREM AL R HE 2R, £
AR AR B 2. H AT BAR AR ok K0 22 R AR TG
# (Ps 5 Sp. Ps 5P BT CETTE T
MR JTIE AN HWEST (4, Bostock et al., 2001;
Chen et al., 2006b; Zheng et al., 2006; Julia, 2007,
Rychert et al., 2007; Chen, 2009; Abt et al., 2010; Mil-
let et al., 2019; Zhang et al., 2019; He et al., 2022),
{E-HAC e i S R IS UG T A B
Lawrence and Shearer, 2006), XT FL1 A [A] 45 ¥4 &
Kty s AR S D RIEATY 5 28T 0 B8, T

HE— 2B TF REFT AN A A% 7 B R 56 Uk e 3
S B T ST e e ok b e 4. 2 RS
g L ) Y M R i S R P T B IR S B g
BAR T, SLRIZR ARG, EaFR O
P& S AR A R ) — AN H % (Wang et al.,
2020; Feng et al., 2022) . b4, SEIEME P
ST AR IR, Mo B2 N i B3 A% PR RS 2
PR3 MR e T e ek AR B PR B L 7 5 A
RURIHERAPESE. i, ARSRWFIUR i — A Bk
PRELCHEIO V%, R ET AT H R A S )
ARG SRR o T P K UL R 30 R A )
B, KA I 2 WA ek R SRR AR B, 1R T A
M8 2 P (Zhong and Zhan, 2020; Wang et al.,
2021a); [ I A Ji& 45 Wi o Bl i 8 Ui ik I
[FIfA . I MRS IR AEHR AT U T,
PRI AR O AERAYE,  DLE S0 A RO T R e
KT RS AN 250 iR

3 AR B B SRt

PR o H HP B 5 1 B T R S S THT T I
TR 22 S S S AR 1K) P R4 8 4 31) 52 L T RS i
KLz AP R AL S Y RN AR
#4] (Zhu and Kanamori, 2000; Julia, 2007) . Hik
WEHRE B G IR P FE A O, e el 3=
PO S P AR BB, T 2 RS S I
3% A A UK (Julia, 2007) . BT AR [A % Hy
TRV AE R RS 225, Bl eR 200 7 B B A
AR kAR (Bostock, 1999; van der Meijde
etal., 2003; FJH%%E, 2019) . #EAKT &, ARSI T
KR BESE RN, A e o /N RURE 45 74 A2 4k
SRR, PRI, M S ek O T B HE A AR AR AL
HE AT DA S 3 b 5 R0 b A S i 4 i A1k,

3.1 BUeRBURFRE

WA 25 4 6 W AR DL K TS e T AN T &
J&&, R BOR Y IRIEE T T Ntk m ARt M
B —H s ) 2 PR G AR A9 5 TR A
TR, T A B 22 40 AEUE T 5w 5 250
()42 WS ek B0 A S 1 ST R AR 2 5615 31 R e A0 S ]
(Owens et al., 1984, 1987; Ammon et al., 1990) . 8k
T, 25T 3 R o P 2 e e Ot R 25 o B N ) S
Wi, RO IR A o B M. SR FE 5 Za Xt
AL AT o R SAE X ) A 2 S o K T e
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FThn'y 5 (Ammon et al., 1990) . Mk, 4FLik
(A R A AR 2 P S T VRS B R e, anisifk
#yE (Shibutani et al., 1996; Levin and Park, 1997b;
AR, 2000 PR AUGR K% (Zhao et al.,
1996) . AR 577 ( Sambridge, 1999a, 1999b) F
FELIE ki (Vinnik et al., 2004, 2006; Zheng et al.,
2005) 5. X LET7 Ik RENS SE I ORASE L 4% A) (1) A 04
K, BRI RN, GRS T
TEOL TR LR (5

PR HC LA S IR I S T A
WAL R B30 T S 38 T VR N R B R B I )
A JF e s T AT ART B — WL 24156 1 — 2R A7 A 7Y
oy PRI 2 D) DRI, IG5 22 P S O % ek A2 ik
JIMiR 2 ) 9 ] PR A R A2 TR W 5 4 e o i L
AALZ Ak, RIS s 5 s, ANFI) A2
0 L6 P AT 5 28 T S SR A AR, (FHHD
B (18] 7a-7d) . WY IRIBEG R [ IR0 06 0] 3 i
RIS S5 M AT I, [N s 3 1 | —
PE. BRIEAERE 2 (000 30 4F 5L, B2l ok £ T AT
(RYERE SEH SR A B3 P88 &5 Rt 5 R e A T 7 92
Z— (4, Wang CY etal., 2014; Cai et al., 2021) .
JUH R, MR BRI AT 5 i HCR TR S 1 i A
B b HAS B S8 B 1 12 S ( Shapiro and Campillo,
2004), A4 50 pR A TR IR 16 A SIS AE b 5T
AU P AR T N (i, Liu et al.,
2014) . W eR B TR & SO 22 )7 T
2k 5 (Ozalaybey et al., 1997; Julia et al., 2000)
) JE e Pk SO R A, Wnigt A% 55092 (Chang et al.,
2004) . A A AL st AL 5775 (Lawrence and Wiens,
2004) HIULM SRR BTk (Xl R J6 4, 2010,
Shen et al., 2013) &5, AR Pk i BAR A BEAR T
SO WIAARE A ARG, RN [ B A RS Y 2
AL o) B — L AEAE 4. Bodin 45 (2012) KB T
P W ek 0 5 T I AHICIER A I B 4 R R R
(transdimentional inversion; [% 7) . i% Jj 15K 4 7Y
Y [ 5 W PR KPR o AR AT g br (] 7g-
71, XA KRR AR TR B A, i H
SEIL T AR A 3 0 A B L. B AR AT TR
RS PIARWIR N, 52 AR R ER IS
BHAAEAWIHEDE, WECeR S T S
[ K [ 5 S i8 (Zhang and Yao, 2017; Wang et al.,
2019), WK E. PR AL S TR IR SR A
B (Xiao et al., 2021), FW ok B0 5 H ) % kLS
[ (Shietal,2018) %%,

FHEC T IHBEE , Hl R B00] A B 0t 6 il
N7 G INFLAR KA, DRI LA AR R 1) 40
e S e A A MR R LML A TR S S N
A T FE AT R B R ) A R DRI, FEAR TN
A ST LI PR T 9N S v A M R A R
AL R BURE 1) 23 HER A AR DG B 2R B R R
# (Wu et al., 2007; Bissig et al., 2021). P 5 S
e 3 W B HOBE A SO (Vinnik et al., 2004; Bissig et
al., 2021) . F ok HOB R [ B CCP BuR Bk &
(Zheng et al., 2006) . J& T — 4% 4L & B I
PRBGE IS S5 (Jiang et al., 2021) FIFL AR IR 5
1 (Zheng et al., 2022) 257 EBHUAG T ANH AR
A2, XTI R MRS b SR 5 e i T I
T 2 R RN RS 2 1), BTN B 1 3 B o A 2 5
LR R B T I R 22 5. Rk, Qo] S A 28
R B2 00 R B0 SR 6 8T 7 [ T A K AT 7 BT 1)
B,

32 FRIRIEE R

R AR BIRIR L, BRI R 52 S Ko
PR LA, 2 —Fh =B 3R 39 R 45 ) UK
) B & ) B 2 4 (Wiechert, 1907; Nuttli and Whit-
more, 1961; Aki and Richards, 2002; Ni et al., 2014) .
FH T R U5t R B8 [ A 1 52 0 P DL R e P R e, A JEUAR
Hi R Y I sk ELAE AR A B R i L AR IR A,
FAH G — H LA PR (Kriiger, 1994) . Sven-
ningsen fl Jacobsen (2007) X H A H P ¥ 1%
Ira) R[] AT B K50 53 ) AR IR AR M R P A )
) o Bk Al T P dRIE L (IRFRZ Ay P A% fi) A
) B R BRI b ) R, B 12 S A VA IS AR
Fii UL o 3545 B PR R 5 A (Kieling, 2011,
92 MH 4] 4%, 2012; Hannemann et al., 2016; Lan et al.,
2022; Yao et al., 2022) . HF P 4% ) 12 ) $ 10K
BRI IR M LX) 200 o0] 1t B2 SRR, e S BB R B0 Y
(R R ANY AR 2808 T i ARmE—E, i ELER
BT R O 5 R B ) 1= 43 B AL # (Chong et
al., 2018) .

TR, RN IR LA 24 SR 350 M 570 3 g 4
I fE ) B8 %2 B oe: . HSHF TR, P K
— 1 PR R Ll G T M R S 3 3 45 A UK
1M S 9% T B — /KP4 i Lot i st 3% S o 40 FE il P
e B0 (Aki and Richards, 2002) . Park 1
Ishii (2018) FJH =B 73 M 7320 T P A S
WHRMELE, JEXHEZR S WA P i 45 M EAT T B
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Fig. 7 Examples of Bayesian transdimentional inversion (a-f) and the probability distributions of layer number (g) and noise level (h,
1) ( modified from Bodin et al., 2012). The red line in (a, ¢, €) marks the input model, and the background shows the posterior
probability distribution for the inverted models. (b, d, f) are posterior probability distributions for the presence of discontinu-
ities at depth. The light blue and dark blue histograms and the red lines in (g, h, i) represent the uniform prior distribution, the
posterior distribution, and the true model, respectively
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zontal amplitude ratio (SVHR, d-f) to S-wave velocity, P-wave velocity and density, and an example showing the body-wave
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