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Reliability tests of shear wave velocity structure from joint
inversion of multiple types of seismic data
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Abstract: Based on the real data from joint inversion of ambient noise, surface wave data, and
P wave receiver functions of 170 broad-band seismic stations of national and regional networks
of the southeastern margin of Tibetan Plateau and its adjacent areas, we preformed the recover-
ing tests to the presumed initial model of southeastern margin of Tibetan Plateau. We calcu-
lated pure path dispersion curves on the basis of the initial model, then retrieved the Rayleigh
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wave dispersion curves between station pairs and receiver functions beneath each station.
Finally, the recovering tests were taken to measure the recovery ability to the initial model based
on different seismic data alone and joint inversion of multiple types of seismic data. Our result
reveals that joint inversion of receiver function, dispersion cures based on empirical Green’s
functions (EGFs) of ambient noise and on teleseismic surface wave data can take full advantage
of the resolution of each seismic data, and can resolve the crustal and upper mantle LVZs per-
fectly. Additionally, we analyzed the resulting reliability on the condition of adding calculation
error or random noise. From these tests, surface wave dispersions with 1% error in joint inver-
sion can resolve the low velocity zone (LVZ) commendably, while with 5% error can cause
some differences from the initial model. Though receiver functions with 4% random noise in
joint inversion can reduce the resolution of the upper and lower boundaries of the mantle LVZ,
they can commendably recover the LVZs in terms of occurrence depth and velocities.

Key words: joint inversion; surface wave dispersion; receiver function; shear wave velocity
structure
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Fig. 1 Images of station locations (a) and shear wave velocity (b) in the southeastern margin of the Tibetan Plateau
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and teleseismic wave; (d) The output model inverted from receiver function; (e) The output

model jointly inverted from three types of seismic wave data

JURRECHE 19 43 HE A0 3, ] 375 00 i 0 9 8 o T e R L o T ) AR 2 . 5 L T i A
TR S T8 25 A L, B B T R 6% T 3 AT b o3 9 h AR R TR A, B MIREZE BT i Y R
22, DA AU 320 2 1 0L O o 3 L S R M, Fe A MR T FH 2 R R B A S T Y
U0 Ik 3 45 ) 1 43 AR

Ry i — 2 43 A i B — B30 Y ) T R R R LA Y R, AR SOOGT R v AR Y 5 ) R A
TP X 22 R AT B 5T . K 0 Gy P ASE AR 43 S T R b 5 B I R 1 A (8 B X
BE) KRNG5 10X 2 km Fil 10X 5 km, Fl FH 2 2 [100 X (V=Vy) [W,]% T35 45> 46 i A sz i 38 3
BB ARXT 22 (8, Horb Wy S0 46 55 DD il o BE A AL, WOl S S AR L A3 ) Y R
W 7 25 005 K% PR PR B L R 9Kt R TR O A B D BT T 2 L 3 ARSI R S R B L (1] Sa, b, o, e)



2 48] KR SR ) JH 22 ol bl Al 800 10 5 i Y 7D T 45 A ) T A A A 201

S0 iR () 1b) B HI X 2548, 45 A 6 BT . i T AR SO ) A A R R 2 R E R
10% A 8 3 T 06k, DRI 224 52 73 45 SR 5 400 R A 700 22 3K 31 + 5% LA BB, DR BEAR G Hb 4 3% 11y
TR BE O B R A TS R L SR P T MR S R 0 R R R B S T 4 R (1A 6a) 5 ) R
T b, 56 TR B 30 PRl P E A U Y — 3 AR R ) A T A ) O 2 5 A D k5 AR I b O R
Fil, SRR J7 Al DA 21 8 B2 R 20 km, 3#RE 25 (H 4 2.5% A9 i 305 8 X YU BE KT 80 km
B, R TR ) SR 2 R AR AE 5% DA b DRI, S M 7S 0 I AR P R 00 T R A TR R AR i
S B e 2 b T 80 ke A0 T A5 44 LTI BAL (8 FH DR AR bR T D 19 S 3 45 R (BT 6b) , b 5E R
U FEI7E 0—20 km PN S U/ T —5% (MK H 5 5, 20—40 km 3 N R IR T 5% M9 sl S5 % 5 76
bR BE VT R, RE NS R S0 HE L e I 2, 5100 km VR BE BE T G A SR B 22 1. DL KR
by 5 THT % AR BE A% 43 HE HH 40—160 km (94 T A B 45 44 L[] B 7 FH 56 0 55 M 75 114 48 50 A% AR
PR K05 Hb 7 TR A B T4 R (1] 6c) BT DAAR B bk SR ML ML R 160 km N ) B AR TR, {H J2
A 15 AR 42 T B I 20 km B2 40 km Kb (9 22 (B 48800 B R, AE T B AU 39 ) TSR T (R EE Oy
100 km) B 30 Ay 380 B 22 (8 o AR 8 B 5, 30k 0PIk )23 52 3 ) B0 2 el B — 2 RS e A 2 U
PRI A B0 A S T 25 R (151 6d) 5 F PR — TET B O AR L, MBS L b b IR R S I R O SR R
) AF X 250 5 2 98 /0, 2 5 L T O T AT b e B TR I R A e BSR4 M 4y
BEA R 2= i I, A5 380 TEORG A 1 A0 )23 IR R R R (L (5] 6d)

E (a) g (b)

=<y =<y

b ol

E o = o ——*—
ol Wz ol E-_

< 80t =< 80

" b — i H

K120} K20} '
160 | 160 |

96°E  98° 100° 102° 104° 106° 108° 96°E  98° 100° 1020 104° 106° 108°

E @ @

£, £l

e el

I o = o A
40 L 40 t L

2 gl £ gl

\ r =~

2| I-= =

K20} K20t |
o M. 0 ] S |

96°E  98° 100° 102° 104° 106° 108° 96°E  98° 100° 102° 104° 106° 108°
B 7 . T T T
—5% —4% —3% —2% —1% 0 1% 2% 3% 4% 5%
RS

6 T 250N I AN ) B0 S 18 45 80 5 40 e A 28 1 3 8 5 A1
(a) ASUAE LT SR MR P 4 iy T AR S AT 5 () AU P T SR K b o TR0 4 i o I A R E AR 5
(c) [RIFH e FHRE T S5 M 7 B SRR M 2 RCRBE 140 3 o B P . AR BEARIBOS R 5 (d) [T 3 Rt ibe & S it
Fig. 6 Cross sections of shear wave velocity perturbation along 25°N using different types of seismic data
(a) Cross sections of shear wave velocity perturbation calculated based on Rayleigh wave group velocity dispersion
measurements; (b) Similar to Fig. (a) but calculated based on Rayleigh wave phase velocity dispersion
measurements from teleseismic wave; (c¢) Similar to Fig. (a) but calculated based on both Rayleigh
wave group velocity and phase velocity dispersion measurements from ambient noise and tele-

seismic wave; (d) Similar to Fig. (a) but calculated based on three types of seismic data
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with 1% (a) and 5% (b) initial error added to the pure path dispersions based on the the initial model
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(a) The initial model and the output models based on joint inversion; (b) The P wave receiver functions used in joint

inversions; (c) The Rayleigh wave phase velocity and group velocity dispersion measurements used in joint inversions

BT, 0L B HL R A 5% BRSOV R A B R . T B R Y S B A U eR R
JE FAS TR 5 A A 42 52 pR BSOS 2 (B, PR AR SR RE 92 32 pR 80 B 1 8 1 7 KT v T T DR
L. 22 Zhang Fl Yao (2017) W) 5E , TR 5 F 7 A2l 100 4 S i BEAL MR 75, R 5 R

Sy 22 WA PR B I KR AFL 1) 4%, F% Bl AL IR 75 o 5]
PO R BT B, R 100 4 A MR S Y B2 0k 6
BB 9), 5 AR 25 B AH T | B T
WA B A R, BRSO W
100 40 o 25 9. 1 9 rp Y B i 45 2R R,
100 ZH Jin A Bifi AL 1 75 ) 422 WAC v 80 2 33 45 2R 5
B B 1) — BOPE AT, 4 RE AT M R 5
AR H AL S B . A AR R
T JE8 Wit AL M8 75 ) 4 M50 o 0006 5 S T ) A%
ST O B DD I R 25, A5 B 25°N T
B B D) RS A A, 5 SR A 10 o . W]
D, 8 A R ) 1 AT B R B T A 2 #
i AL T 75 ) R, 8 A T A AL R R e 3 A

96°E  98° 100° 102° 104° 106° 108°
EET T TS
3.6 3.8 4.0 42 4.4

BIDIPHIE/ (kmes)

10 ¥ 25°N FI I A BEHLME 75 5 f 3 i
BRAT (4 5T Ui [
Fig. 10 Shear wave velocity image from inversion

with random noise along 25°N vertical cross section



204 i = 2 it 1%

FEERH , (E AR 3 2% A % J3E Y0 L 3 52 {1 249 U AR e s 4R A

PR, T LATA S, T B AR % 4 s ok 50 0 1 B3 50 2 R BB ML R 7 48 0 AR 23 X S T 4
AR HP R I M R 14 0 B O R R % 0 X R A A TRl S, (ELR R A B A A O A A 22
KA W YR AL, ATE AR BE S ST H O T A B e b i BT D7) e R A5 A

4 WHiR5ER

AR AT C 28 A AR 22 0 0 7 ol s A DL B0 K 5 T BT U 9 R A5 A B B 5, (R
I A 1A R 3 T A [7) Fof 208 B 40 S5 5 X 400 s 6 28 194 4 52 A JEE O DF 5. Sun 45 (2010) FIJ T
e W P RS S T R A Rl B ) i R R, O M P R MR T S A T R i ) TR
T PR R0 AR A R AT KA, 45 SR RS 0 B 1 b e L M e R )2, (L i o A 2R v R R e
FeR e M ARAR 2, HRIE)Z 09 bR i AR 5 BOMT, A ST A5 e 5 AL (HR IR 5 U 5
T SRR R M BUR O S, B X L e B X 0 06 R i KRR . Zhang FT Yao
(2017) feft T 52 A3 2 WAL o 50 D B 7 902 M (681 138 16K 5 o 3 B U0 9003k J3E 45 4, 9 o 2 Wi ek K
TR Y52 AR S A 5% R 1% B MR, A N0 B L MR A A A Y T IR S VA AR E
A FE ()RR T 2 i ek RO | 4% B BEALIR A, R4 2R S AR AL, IR T IR S T A
PRI OL TSRO RRE . A, AWt it — 2045 3 1 I TR B2 150 10 A4 I A B AL 7 Y B
D) B A5

R SCAT Sy 22 o R WK A5 S X B U R A A 0 B R B AR AR R L RS e b i IR
JZ B 2 R R (A A K S R B, DL R TS e v aT RE 2 o BB T AR 1R 22 R AL IR A A5 T
X &5 2R (9 52 i 2 (BRI £ A9 225 L (AR SERR S s B p Gl R OREE R L ok AN R D7
7 B MR TH I 5 i T O B W BR B, O T RE 23 52 B Ml )2 BURE A5 AR B SR L AR BT ST XE LR
X L6 R R ZE, TR S B A 0 S G AR BIF 5T FP AR IR 200 i A R TR B BRAECRE B 65 il R O I 4%
We ek B N % . N — 2 TAR, R AR K A S R AU 42 WAL ok RO RT RE A2 B A O 62 A L Ml
JRBURNE R L A, A A I 5 I I BT A SR AT AR K R Y R B, AT AR AR
P FTEE R M S O E AT A

iR E R R R KRR Bk AR B IR AL T & T R R (Yao er al, 2006, 2008), 3% %
55 ¥ K 2% Rorbert Herrmann #1 Charles Ammon i {37 2 $52 $2 4L 7 1 3 5 2 W ok BBk & B v i i
B9 NP330 3k 4, CEETA B R ¥ H GMT 844 il (Wessel, Smith, 1998) , {E#& £ It — I Fw
B

2 % X MW

WK, RHESC, EF, PR, 2005, F) T 12 0 R BB & F3H T TG Ml IX 7 0 5 RE S5 R (0], bR BT, 48(5)
1069-1076.

HulJF, Zhu X G, XiaJY, Chen Y. 2005. Using surface wave and receiver function to jointly inverse the crust-mantle velocity
structure in the west Yunnan area[J]. Chinese Journal of Geophysics, 48(5): 1069-1076 (in Chinese).

XJRTG, 28, PRIUME, van der Hilst R D, FME, TR, S50, 2. 2010. & DAt 98 1 432 1A R 55 21 558 I 7 Ik
H I []. M ERY AR, 53(11): 2603-2612.

LiuQY, LiY, ChenJH, van der Hilst R D, Guo B, WangJ, Qi SH, Li S C. 2010. Joint inversion of receiver function and
ambient noise based on Bayesian theory[J]. Chinese Journal of Geophysics, 53(11): 2603-2612 (in Chinese).


http://dx.doi.org/10.3321/j.issn:0001-5733.2005.05.013
http://dx.doi.org/10.3321/j.issn:0001-5733.2005.05.013
http://dx.doi.org/10.3321/j.issn:0001-5733.2005.05.013
http://dx.doi.org/10.3321/j.issn:0001-5733.2005.05.013

2 48] KB BLAE - A 25 b 5 B0 6 A v 5 70 90 T BE 45 ) ) T A A 205

Bao X W, Sun X X, XuMJ, Eaton D W, Song X D, WangL S, DingZF, MiN, LiH, YuDY, Huang Z C, Wang P. 2015.
Two crustal low-velocity channels beneath SE Tibet revealed by joint inversion of Rayleigh wave dispersion and receiver func-
tions[J]. Earth Planet Sci Lett, 415: 16-24.

Bensen G B, Ritzwoller M H, Barmin M P, Levshin A L, Lin F, Moschetti M P, Shapiro N M, Yang Y. 2007. Processing seis-
mic ambient noise data to obtain reliable broad-band surface wave dispersion measurements[J]. Geophys J Int, 169(3) :
1239-1260.

Bensen G B, Ritzwoller M H, Shapiro N M. 2008. Broadband ambient noise surface wave tomography across the United
States[J]. J Geophys Res, 113(B5): B5306.

Bodin T, Sambridge M, Tkal¢I¢ H, Arroucau P, Gallagher K, Rawlinson N. 2012. Transdimensional inversion of receiver func-
tions and surface wave dispersion[J]. J Geophys Res, 117(B2): B02301.

Campillo M, Paul A. 2003. Long-range correlations in the diffuse seismic coda[J]. Science, 299(5606): 547-549.

Chang S J, Baag C E, Langston C A. 2004. Joint analysis of teleseismic receiver functions and surface wave dispersion using the
genetic algorithm[J]. Bull Seismol Soc Am, 94(2): 691-704.

Fang HJ, Zhang HJ, Yao HJ, Allam A, Zigone D, Ben-Zion Y, Thurber C, van der Hilst R D. 2016. A new algorithm for
three-dimensional joint inversion of body wave and surface wave data and its application to the Southern California Plate
boundary region[J]. J Geophys Res, 121(5) : 3557-3569.

Julia J, Ammon C J, Herrmann R B, Correig A M. 2000. Joint inversion of receiver function and surface wave dispersion obser-
vations[J]. Geophys J Int, 143(1): 99-112.

Kang D, Shen W S, Ning J Y, Ritzwoller M H. 2016. Seismic evidence for lithospheric modification associated with intracontin-
ental volcanism in northeastern China[J]. Geophys J Int, 204(1): 215-235.

Lawrence J F, Wiens D A. 2004. Combined receiver-function and surface wave phase-velocity inversion using a niching genetic
algorithm: Application to Patagonia[J]. Bull Seismol Soc Am, 94(3): 977-987.

LiYH, WuQJ, Zhang R Q, Tian X B, Zeng R S. 2008. The crust and upper mantle structure beneath Yunnan from joint inver-
sion of receiver functions and Rayleigh wave dispersion data[J]. Phy Earth Planet Inter, 170(1/2): 134-146.

Lin F C, Ritzwoller M H, Townend J, Bannister S, Savage M K. 2007. Ambient noise Rayleigh wave tomography of New Zea-
land[J]. Geophys J Int, 170(2): 649-666.

Lin F C, Moschetti M P, Ritzwoller M H. 2008. Surface wave tomography of the western United States from ambient seismic
noise: Rayleigh and Love wave phase velocity maps[J]. Geophys J Int, 173(1): 281-298.

LiuQY, van der Hilst R D, Li Y, Yao HJ, ChenJH, Guo B, Qi S H, Wang J, Huang H, Li S C. 2014. Eastward expansion
of the Tibetan Plateau by crustal flow and strain partitioning across faults[J]. Nat Geosci, 7(5): 361-365.

Love A E H. 1911. Some Problems of Geodynamics[M]. New York: Cambridge University Press: 1-210.

Moschetti M P, Ritzwoller M H, Lin F C, Yang Y. 2010. Crustal shear wave velocity structure of the western United States in-
ferred from ambient seismic noise and earthquake data[J]. J Geophs Res, 115(B10): B10306.

Obrebski M, Allen R M, Zhang F X, PanJ T, Wu Q J, Hung S H. 2012. Shear wave tomography of China using joint inversion
of body and surface wave constraints[J]. J Geophys Res, 117(B1): B01311.

Paige C C, Saunders M A. 1982a. LSQR: An algorithm for sparse linear equations and sparse least squares[J]. ACM Trans Math
Software, 8(1): 43-71.

Paige C C, Saunders M A. 1982b. LSQR: Sparse linear equations and least squares problems[J]. ACM Trans Math Software,
8(2): 195-209.

Press F. 1956. Determination of crustal structure from phase velocity of Rayleigh waves part I: Southern California[J]. GSA4
Bull, 67(12): 1647-1658.

Saint Louis University. 2013. Computer programs in seismology[CP/OL]. [2018-05-01]. http://www. eas. slu. edu/eqc/
eqeceps. html.

Shapiro N M, Ritzwoller M H. 2002. Monte-Carlo inversion for a global shear-velocity model of the crust and upper mantle[J].
Geophys J Int, 151(1): 88-105.

Shapiro N M, Campillo M. 2004. Emergence of broadband Rayleigh waves from correlations of the ambient seismic noise[J].

Geophys Res Lett, 31(7): L07614.


http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html
http://www.eas.slu.edu/eqc/eqccps.html

3

206 b 2 it 41 %

7

Shapiro N M, Campillo M, Stehly L, Ritzwoller M H. 2005. High-resolution surface-wave tomography from ambient seismic
noise[J]. Science, 307(5715): 1615-1618.

Stoneley R. 1926. The effect of the ocean on Rayleigh waves[J]. Geophys Suppl Mon Not Roy Astronom Soc, 1(7): 349-356.
Sun X L, Song X D, Zheng S H, Yang Y J, Michiael H R. 2010. Three dimensional shear wave velocity structure of the crust
and upper mantle beneath China from ambient noise surface wave tomography[J]. Earthquake Science, 23(5): 449-463.
Sun X X, Bao X W, XuMJ, Eaton D W, Song X D, Wang L S, Ding ZF, MiN, YuD Y, LiH. 2014. Crustal structure beneath

SE Tibet from joint analysis of receiver functions and Rayleigh wave dispersion[J]. Geophys Res Lett, 402(5): 1479-1484.

Tokam A P K, Tabod C T, Nyblade A A, Julia J, Wiens D A, Pasyanos M E. 2010. Structure of the crust beneath Cameroon,
West Africa, from the joint inversion of Rayleigh wave group velocities and receiver functions[J]. Geophys J Int, 183(2):
1061-1076.

Wang WL, Wul P, Fang L H, Lai GJ, Yang T, Cai Y. 2014. S wave velocity structure in southwest China from surface wave
tomography and receiver functions[J]. J Geophys Res, 119(2): 1061-1078.

Wessel P, Smith W H F. 1998. New, improved version of generic mapping tools released[J]. Eos Trans AGU, 79(47): 579.

Yang Y J, Ritzwoller M H, Levshin A L, Shapiro N M. 2007. Ambient noise Rayleigh wave tomography across Europe[J]. Geophys
JInt, 168(1): 259-274.

Yang Y J, Zheng Y, Chen J, Zhou S'Y, Celyan S, Sandvol E, Tilmann F, Priestley K, Hearn T M, NiJ F, Brown L D,
Ritzwoller M H. 2010. Rayleigh wave phase velocity maps of Tibet and the surrounding regions from ambient seismic noise
tomography[J]. Geochem Geophys Geosyst, 11(8): Q08010.

Yao HJ, van der Hilst R D, de Hoop M V. 2006. Surface-wave array tomography in SE Tibet from ambient seismic noise and
two-station analysis: 1. Phase velocity maps[J]. Geophys J Int, 166(2): 732-744.

Yao HJ, Beghein C, van der Hilst R D. 2008. Surface-wave array tomography in SE Tibet from ambient seismic noise and two-
station analysis: Il. Crust and upper-mantle structure[J]. Geophys J Int, 173(1): 205-219.

Zhang P, Yao HJ. 2017. Stepwise joint inversion of surface wave dispersion, Rayleigh wave ZH ratio, and receiver function
data for 1D crustal shear wave velocity structure[J]. Earthquake Science, 30(5/6): 229-238.

Zheng S H, Sun X L, Song X D, Yang Y J, Ritzwoller M H. 2008. Surface wave tomography of China from ambient seismic
noise correlation[J]. Geochem Geophys Geosyst, 9(5): Q05020.

Zheng X, Zhao C P, Zhou L Q, Zheng S H. 2019. Crustal and upper mantle structure beneath SE Tibetan Plateau from joint in-
version of multiple types of seismic data[J]. Geophys J Int, 217: 331-345.

Zhou L Q, XieJ Y, Shen W S, Zheng Y, Yang Y J, Shi H X, Ritzwoller M H. 2012. The structure of the crust and uppermost
mantle beneath South China from ambient noise and earthquake tomography[J]. Geophys J Int, 189(3): 1565-1583.



