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Abstract Rayleigh wave ellipticity (or ZH ratio) is a function of frequency and is particularly
sensitive to shallow crustal structure beneath the seismograph station. Since depth sensitivity
kernels of ZH ratios are different from those of dispersion data, the ZH ratio provides good
complementary information for the dispersion-based inversion method. Therefore, we can combine
the ZH ratio and dispersion data of Rayleigh wave fundamental mode to better invert for the
velocity structure under a specific seismograph station. In this paper, we propose a joint inversion

method using the dispersion and ZH ratio data based on the Neighborhood Algorithm. We
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conduct synthetic tests based on a theoretical model and prove the robustness of the joint

inversion method, which can better constrain the shallow crustal structure. Compared to

traditional inversion methods that only use dispersion data, the joint inversion can provide a more

accurate crustal V, model as well as V,/V| ratios for the layered crust. Finally, we apply the joint

inversion technique to real measurements and obtain a more accurate crust shear velocity and V,/

V., model beneath the station at Kunming (KMD in southwest China.
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Fig. 1 Depth sensitivity kernels at different periods for Rayleigh wave fundamental mode phase velocity (a)

and ZH ratio (b) to V., V, and density, respectively
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Table 1 The reference values and their perturbation ranges

for 10 parameters in the NA inversion
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Fig.2 Shear-wave speed model of crust and upper mantle obtained from the one-step joint inversion (Left), comparison of
phase velocity dispersion (Middle) and ZH ratios (Right) calculated from the statistical posterior mean, optimum and theoretical

models, respectively

In the left plot, the thick, thin and dashed line represents the theoretical, posterior mean, and optimum model, respectively. The gray
region gives the standard error of the posterior mean model. In the middle and right plots, the triangles show dispersion and ZH ratio data

computed from the posterior mean model, the stars from the optimum model and the diamonds from the theoretical model.
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Fig. 3 1-D marginal posterior probability density functions (PPDFs) shown as the shaded area
of the 10 model parameters from the joint inversion of the dispersion and ZH ratio data
The horizontal axis shows the perturbation range of shear velocity or V,,/V,. The vertical axis gives the normalized posterior probability
density. In each plot, the black solid vertical line shows the parameter value of the posterior mean model. For the shear velocity parameters

(top two rows) , the zero value of the horizontal axis corresponds to the true model value.



964 i BR ) PR 2% R (Chinese J. Geophys. ) 59 #
T ey g e F e
= 03F i Eo03F 4 2 03f 1 = 03F E
27 i2 7k iz E 1 2% E
o E 19 F 1 § . .F I ]
& 0.1F i 201F 1 2 01 i S 0.1F 3
=~ F 1= ¢ 12 12 E E
s F 1< F 18 °F i E E
X .03F 3 X.03F i = -03F i <-03F 3
B P PPV TOT0 (T PO PRI IR e v B B bbbl bl b d % Bocbinbinibintinitinitinnd N Bt b el ed s d
-04 -02 0 02 04 -0.3 -0.1 0.1 03 -0.3 -0.1 0.1 03 = -03 -0.1 0.1 03
dVs/(km's™) [0-6 km] dVs/(km-s™) [6-15 km] dVs/(km-s™) [15-30 km] dVs/(kms™) [30 km-Moho]
AU LUULRL RS L L Aauaaa s [T
21 1 ¢ | 1 ¢ I
= E 3 S1.8f 41 S1.8f .
gN: 1 =2 1 =2 | ]
s f 7 Eiqf 1 B .
C: ] 2t 12 ¢ ]
£ 17E 1 S1ef 1 ek ]
£ 3 ~ r ] N [ ]
I I I NI PP PP PP PP PP I PP PP I Gl b b bt il
04 -02 0 02 04 -04 -02 0 02 04 1.7 1.9 2.1

dVs/(km-s™) [0-6 km] dVs/(km-s™') [0-6 km]

Ve Vs [0-6 km]

B4 SR ZH HROE IS 7 e b i 10 NS 5080 4k 5 T0 A R 0 I oR B  Ai
MR IR S AR TR 999690 %0 F 60 26 B AF P FE LR L A = MR IE BT B AR AL
Fig. 4 2-D marginal posterior probability density functions (PPDFs) of the 10 model parameters

from the joint inversion of the dispersion and ZH ratio data

The black, blue and red lines are the contour lines for the 99, 90 and 60 percent confidence level, respectively.

The posterior mean model is shown as the white triangle in each plot.
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Fig. 10  Shear-wave speed model of crust and upper mantle beneath the station KMI obtained from real seismic data
through joint inversion (Left), comparison of the phase velocity dispersion obtained from inversion and the observed
dispersion data (Middle), same as the Middle plot but for ZH ratios (Right). In the left plot, the black solid line gives
the final posterior mean model after inversion with the gray area showing its standard error, and the dashed line and the
dot dashed line is the reference model for the first stage and second stage NA inversion, respectively. In the middle and
right plots. the stars with the error bar are the observed data; the dotted line and the triangles are the synthetic data from
the reference model in the first and second stage NA inversion, respectively; the solid line shows the synthetic data computed

from the final posterior mean model after inversion
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Fig. 11

1-D marginal posterior probability density functions (PPDFs) of the model parameters from the joint

inversion of real data (similar as Fig. 6). Except the bottom right plot, the vertical line in each plot represents the

posterior mean model; for the bottom right plot, the vertical line shows for the model with the most likelihood
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Fig. 12 2-D marginal posterior probability density functions (PPDFs) of the model parameters

from the joint inversion of real data (Similar as Fig. 7)
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