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Evaluation of 3D crustal velocity models in North China
using regional earthquake travel time data
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Abstract: Due to the differences in research methods and data, there may exist multiple velo-
city models in the same area, but the reliability of these models usually lacks systematic and
objective assessment. In this study we compare the observed first arrival time data of P-wave
and S-wave of 1 749 earthquakes from 2009 to 2016, which were recorded by 131 seismograph
stations of the National Seismological Network in North China, with the predicted travel time
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data from four 3D crustal velocity models in North China using the fast marching method.
Then, using statistical analysis we evaluate the relative merits of these four models with respect
to the real underground structures. The results reveal that the large-scale pattern generally shows
consistency for these four models. Within the entire studied area, the model proposed by Shen
et al (referred to as “S model” ) is relatively better than the model proposed by Fang et al
(referred to as “F model” ) and Duan et al (referred to as “D model” ). The Crustl.0 model
(referred to as “C model” ) is relatively worse. We think that the reasons for this result are
related to the differences in data used in model construction and the associated resolution. For
different tectonic units in the studied area, the D model performs better in the southwestern part
of the Yanshan folded belt, northwestern part of the Taihang mountain foreland tectonic belt,
and the Cangxian uplift area. The F model performs better in the central part of Taihang moun-
tain uplift, northern part of the Cangxian uplifted area, the Huanghua depression, and the Yan-
shan fold belt. The S model appears better in the western block, the Shanxi depression area, the
Taihang mountain foreland tectonic belt, and the Jizhong depression area. There is no obvious
large continuous area where the C model performs better. Our study has certain positive signi-
ficance for further accuracy improvement of the regional crustal velocity models and the earth-
quake location study based on 3D models.

Key words: North China area; seismic travel time; 3D crustal velocity structure; model

evaluation
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Fig. 1 Sketch map of topography and main tectonic units in the studied region
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The horizontal axis gives the travel time difference between the observed and theoretical P-wave or S-wave arrival time
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Fig. 7 Distribution maps (a) and histograms (b) of the P-wave average travel time

difference for stations in the studied area

The triangles represent the stations with the lowest absolute average travel time difference

for the indicated model with respect to other models
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£ 1 AFEBER SN A) 2% 2 A5 HEY) 2 B ELE 2 E BN & Mg TR
Table 1 The statistical table of station number with the smallest average difference between
the observed and theoretical first arrival time for different models

F5iAd P PTG 22 H R N G AL A H(P i) S YT E LA 22 H /N R B AL i He(S i)
D 27 20.61% 30 22.90%
F 36 27.48% 29 22.14%
S 58 44,27% 61 46.56%
C 10 7.63% 11 8.40%

&it 131 100% 131 100%

F 2 PUERHLE TN A 2 B A RIS A 28 I B P 005 2% B/ N 5 ARSI R
Table 2 The statistical station number with the smallest average difference between the observed
and the theoretical first arrival time for different models in the western blocks

iR P Y P HE I & 2 fH RN G 1AL 5 (P i) S PP HIE B 25 fHR/ N G AN 7 (S i)
D 1 8.33% 3 25.00%
F 4 33.33% 2 16.67%
S 5 41.67% 7 58.33%
C 2 16.67% 0 0

At 12 100% 12 100%

3 R L A 22 i 2 I ) 2 I B P A 22 (R D B A B T A 3R
Table 3 The statistical station number with the smallest average difference between the observed
and the theoretical first arrival time for different models in the central orogenic belt

R P YT HEIH A 2 (/N R S AL i Fe(P i) S PP E LA 22 H /N B AN A (S )
D 5 20% 9 36%
F 6 24% 5 20%
S 13 52% 11 44%
C 1 4% 0 0
At 25 100% 25 100%

4 RERHLHSEINF) 2 P B 5 FE) = PR EBE 22 (H R /MY B B D BT e A R
Table 4 The statistical station number with the smallest average difference between the observed
and the theoretical first arrival time for different models in the eastern blocks

T P T HE BHUA 25 E /N G 3N a7 (P i) S PP HIE LG 25 MR/ N G AN 5 LR (S i)
D 21 22.34% 18 19.15%
F 26 27.66% 22 23.40%
S 40 42.55% 43 45.74%
C 7 7.45% 7 11.70%

A1t 94 100% 94 100%

TERAT UL F R A | 2 e M DX 3R BT

IR T i R SR AT T XA R R R B — AR, 1 XS AT AR 22 1 25 UL A IR 2R
BORB B ol 3X 88 5 0l 7 A 75 K AT L L SR B | 3P R s B TR X ARSI 7, 8
BoR, AR IR 4 SRR Y P A S I RE W T RS T L i T XA R 2
BRI BE XCB, HAFTERIE M DURZ , i 4 A8 FE A A i i 3 o OB 8 43 7T RE A
TE—5E WY RGN 22, FT LUHEI b 3 it DR 0] - 357 58 U5 28 52 K
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