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Abstract: Seismic wavefield numerical simulation is an important base for crust-mantle structure imaging and
deep exploration. The classical teleseismic wavefield simulation methods, including analytical method, semi-ana-
Iytical method and numerical method, are mainly based on one-dimensional Earth model. These algorithms can ef-
ficiently calculate the synthetic seismogram, but the lateral heterogeneity of the medium is not being incorporated.
With the improvement of computer performance, numerical simulation methods for three-dimensional seismic have
been developed rapidly, and have been widely used in both local and regional seismic wave simulations. But due to
the limitation of computing resources, the implementation of high frequency seismic wavefield numerical simula-
tion based on global scale is still a great challenge. In recent years, hybrid numerical simulation methods of teleseis-

mic wavefield have been developed, in which the target simulation region is decomposed into two scales (global
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scale and local scale). In global scale, high-frequency synthetic seismogram is calculated through fast algorithm

based on one-dimensional earth model assumption. With injection method, three-dimensional numerical methods

(spectral element method, finite difference method, etc.) are used to simulate the propagation of seismic wave in

three-dimensional heterogeneous medium in local target scale, to achieve the balance between efficiency and accu-

racy. Withthedevelopmentofdensearray observation, scientificresearch puts forward higherrequirements fortheresolu-

tion of underground structure imaging. Accurate and efficient hybrid simulation method of seismic wavefield will

play an important role in the field of high-resolution seismic imaging. In this paper, we systematically summarize

one-dimensional simulation methods of teleseismic wavefield numerical simulations, as well as the principle and

application of hybrid numerical simulation methods of teleseismic wavefield.

Key words: teleseismic wavefield simulation; crust-mantle structure imaging; synthetic seismograms; hybrid

method
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Fig. 2 Physical interpretation of the DWN method. The single
source is replaced by an infinite array of sources
distributed horizontally at equal interval L. For a given
radiation wavelength k corresponding to a specific
frequency of excitation, the elastic energy is radiated in
discrete directions 6 only ( modified from Bouchon,
2003)
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Fig. 3 2D velocity section from South America to South Africa
obtained from tomography (modified from Ritsema et
al., 1999; Ni et al., 2003)
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Fig. 4 Comparison of SV synthetics generated by the WKM method against the pseudo-spectral method (on the right) (modified

from Ni et al., 2003)
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Fig. 5 A layered half-space consists of N layers over a half-
space at the bottom.
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Fig. 6 Radiation patterns for monopole, dipole, and quadrupole from left to right (modified from Nissen-Meyer et al., 2014)
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Fig. 7 Schematic diagram of the principle of hybrid method
(modified from Zhao et al., 2008)
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Capdeville 55 (2003a) $&HAEAE, i Xk
MR, ERRE SHmILEC R AT ), ik ooik s
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B8 MTAREREMP (L) MS CF) P
(&2 B Monteiller et al., 2015)
Fig. 8 Synthetic model of P (top) and S (bottom) velocities for
full waveform inversion (modified from Monteiller et
al., 2015)
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2 H Monteiller et al., 2015)

Fig. 9 Models obtained by (a) full waveform inversion and (b)
adjoint tomography from vertical-component direct P
waves, after 15 iterations of the L-BFGS in the case of
adjoint tomography and 5 iterations in the case of full
waveform inversion (modified from Monteiller et al.,
2015)
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B, A% A ] DSM-SEM i & 5 k52 1A 3-D
FE PR &5 440 1) 328 RE 9% . Wang 25 (2016) FJH 29 4~
Uil B R 5 MEER IR, ETIRGEITE
TIERE P BBV SO, A5 3 H A A L e R
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(a) 7EVHIE T EH B ) Hi-CLIMB 636 (S M) MMM 6. 2000 =4 T6 2 7n F T W0 R4 5 RE #1170 £ 45 3.
BB A& Tseng 28 (2009) {52 E A MHI. (b) Hung 28 (2011) ZHIM¥SHITBE HIve M (o) vsthsl. (d
Tseng 2 (2009) AR Tsopmp - Tss M T TOMLFE LR (B AD . (e) 2005 SERAEAF AL 5320, R4 123.34°, iR JE 522
km [FHZ ) SV PBEHRE SO (I P 2 S ) . &R e AR AL, RO ROR. () JE TR e
R =4 SEM-FK IR & 5L TH AN IR SV S A it RE T, A 2545 7 CRUSTLO. AT MISEE R, —=4Eve
vk, 18] de A 4 o 1) A H B D SR FRTE Ss 7B AH EXFF (fB1X H Tong et al., 2014b)

(a) Geographic distributions of Hi-CLIMB stations (triangles) previously deployed in central Tibet. Red triangles indicate
stations used to generate the observed and synthetic RF profiles. BB’ is the profile along which the crust thickness was
estimated by Tseng et al. (2009). (b)Vp and (c) Vg perturbations along Profile BB mapped by Hung et al. (2011)

superimposed onto the estimated Moho. (d) Estimated crust thickness (blue dots) based on Tsspmp — T'ss by Tseng et al. (2009).
(e) Observed SV wave seismic reflection profile (vertical-component velocity) for a 2005 earthquake occurred at 5.32° N,
123.34° E, and a depth of 522 km. Various scattered/converted phases, including SsPmp, are indicated by purple arrows. (f)
Corresponding synthetic SV wave seismic profile computed by the 3-D SEM-FK hybrid method based on a local crustal
model that incorporates CRUST1.0, the estimated Moho profile, and the 3-D V} and Vg variations. All seismograms in
Figures 4¢ and 4f are aligned on the Ss phase (modified from Tong et al., 2014b)

PR AEFIAS AL T S0 R P AR 4 M ER B R h AR 3 1N S

(3) AxiSEM-SEM (Nissen-Meyer et al., 2014), H] =4 oyl Bifl i

% 7 DSM-SEM I FK-SEM, AxiSEM-SEM SR AT A B H bR X IR A % Beller 55 (2018b)
[ A A UE B 2 — b A R0 B 0L 328 5 U 37 () TR 5 % i FZ ST T 7 RE B 2R S L K PR T 4 A
E A 480 J7 ¥ (Beller et al., 2018a, 2018b; Lin et al., W EXE CIF ALPS S50 % 11 9 /NI 7% FH 34T 3-
2019; Monteiller et al., 2020) . i% /7. F) H AxiSEM D & ) [Pk e O (FWD, 45 H T Fif /R B
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