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Using an Inversion Algorithm with Euler Vector to
Construct a Model of the Crustal Movement Velocity
Field in the Northeastern Margin of the Tibetan Plateau

WANG Shuai, ZHANG Yong-zhi, JIANG Yong-tao
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Abstract; Many methods and models have been used to construct crustal movement velocity
fields,including Least Squares Collocation, multi-surface functions,spherical harmonics methods,
spherical discontinuous deformation analysis,and finite element methods,all of which have certain
premise conditions or application scope.Based on the Euler vector,we put forward a new particle
swarm optimization (PSO) algorithm from which block motion and strain tensor parameters can
be determined by inversion,and then a regional crustal movement velocity field can be construc-
ted.Simulation test results showed that this improved PSO is stable and effective. When the itera-
tion reached 20 times,the improved PSO results were close to their optimal values, while the oth-
er two algorithms continued to search. The precision of the velocity field constructed by this meth-
od is much higher than that from linear and nonlinear PSOs.A comparison of the effectiveness and
lack of bias of the displacement calculated by different methods indicated that the accuracy of the
velocity model calculated by the improved PSO was the highest,and the variance and mean value
of its residuals were much smaller.Based on GPS observational results from the northeastern mar-

gin of the Tibetan Plateau from 1999 to 2013, for which coseismic disturbance has been considered
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on the basis of block division and model identification evaluated by unbiased and effectiveness

rules, the crustal movement velocity field was determined using the improved PSO. The residual

characteristics that closely followed a normal distribution indicated that the velocity field calculat-

ed by the improved PSO was reliable and without systematic error. A comparison with the results

calculated by Least Squares Collocation was performed, which indicated that the new PSO algo-

rithm effectively and accurately established the crustal movement velocity field. From the con-

structed velocity field,a significant difference can be seen in how the northeastern margin of the

Tibetan Plateau crust moves;the velocity decreases from south to north with clockwise rotation.

The NE motion is blocked by the relatively stable Alashan block,which is creating mountain up-

lift and basin subsidence in the region.

Key words: crustal movement; velocity field model; particle swarm optimization; northeastern

margin of the Tibetan Plateau; inversion
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Table 1 The theoretical value of Euler and strain tensor

@, (107%) w0, (1078) w.(107%) £,(107%) €, (107") €,(107%)
0.059 8 —0.271 9 —0.074 4 1.27 —9.42 —1.71
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Table 2 The iterated results of Euler and strain tensor

MEYES AR AL w. /(X107 @,/(X1078)  w./(X108) /(X109 &,/(X1077) &,/(X10"%)
20 0.057 5 —0.254 9 —0.065 8 0.927 —9.580 —3.100
30 0.086 3 —0.394 3 —0.1515 1.881 —9.856 —1.426
linear PSO
40 0.078 6 —0.352 7 —0.123 3 0.334 —9.335 —1.536
50 0.106 5 —0.474 3 —0.204 3 1.111 —7.118 —1.710
20 0.022 8 —0.109 6 0.027 9 1.087 —10.574 —2.320
30 0.071 8 —0.324 7 —0.105 2 1.340 —8.497 —1.505
nonlinear PSO
40 0.044 6 —0.207 6 —0.032 9 1.288 —9.191 —1.532
50 0.066 4 —0.300 3 —0.092 6 1.273 —9.239 —1.729
20 0.053 8 —0.246 7 —0.0577 1.293 —9.623 —1.678
improved PSO 30 0.061 9 —0.281 3 —0.080 6 1.273 —9.394 —1.677
40 0.609 —0.276 5 —0.077 4 1.260 —9.399 —1.715
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Table 3 The unbiasedness and effectiveness of each algorithm
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40 0.327  0.202  0.022  0.078  0.005 0
50 0.093  1.134  1.120  0.160  0.005 0
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Fig.2 Horizontal motion rates of GPS in the northeastern
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(White arrow denotes observation value, black arrow

represents simulation value. unit:mm/a)
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Table 4
Plateau(unit:rad/a)

Identification results of each block motion model and its Euler parameters in the northeastern margin of the Tibetan

w./ wy/ w:/ TG A g
PIRERE o5 (<10 (%105 Modd A Model B Model C Model A Model B Model C
&R 0.053 —0.175 —0.125 0.194 9 0.035 7 0.587 8 0.285 5
iy 47 35 —0.016 —0.030 0.021 0.669 9 0.028 3 0.476 6 2.424 6 1.159 6 2.375 7
LY E2 0 —0.109 0.193 0.249 0.055 6 0.066 8 0.121 8 1.770 1 1.798 4 1.184 8
B3 1L 0.019 —0.001 0.035 0.941 4 0.043 2 2.073 6 0.285 7
13 J5 0.025 —0.090 0.026 0.542 9 0.398 5 2.272 4 1.248 1
o 0.012 —0.210 0.012 0.259 2 0.262 2 4.199 3 1.827 1
Bayil] 0.028 —0.025 0.156 0.492 8 0.058 3 2.721 9 1.152 8
SEIBAR 0.059 —0.169 —0.004 0.393 1 0.310 3 4,031 0 3.148 0
KB 0.210 —0.833 —0.433 0.337 7 0.238 4 8.056 2 2.124 9
T —0.009 0.171 0.372 0.232 5 0.407 9 37.356 6 2.645 1
R5 BERBENTHRKEER
Table 5 Strain tensor results of each block
A B C
BiE (><1gi11) (><18111> (><1<§ill> (xi)/*ll) (xfzo/*ll) <xi)/*ll) <><i>/*11) <><i>/*11) <><i>/*“>
HHRA 1.192 —3.168 —1.473 0.073 0.057 0.010 —0.042 0.091 0.025
iy 47 3% —0.308 0.141 —0.066
AR 1L —0.138 —0.229 —0.423 0.476 1.168 0.749 —0.079 —0.179 —0.120
15 —0.248 0.530 0.461 0.184 1.005 0.415 0.007 —1.330 —0.114
o —0.636 0.145 0.002 —0.042 —0.183 0.016 0.110 0.089 0.142
BLyil] 1.954 2.603 0.809 —0.312 0.041 —0.009 0.212 0.072 0.142
SeE R 16.519 —10.677 —12.594 —0.020 0.101 —0.018 0.040 0.155 0.094
KEC 182.304 3.145 8.227 0.023 —0.027 0.074 0.023 —0.033 0.044
T 0.570 —1.291 0.863 0.014 —0.315 0.214 —0.026 —0.315 0.072
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