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Analysis of Land Deformation of Great East Japan Earthquake by Hierachical
Motion Model Fitting to GPS Measurement Data
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ABSTRACT Given 3-D sensing data of points slightly moving in space, we consider the problem of discerning
whether or not translation, rotation, and scale change take place and to what extent. For this purpose, we propose
a new method for fitting various motion models to 3-D noisy data. Based on the observation that subgroups of
the 3-D affine transformations are defined by imposing various internal constraints on the variables, our method fits
3-D affine transformations with internal constraints using the scheme of EFNS, which, unlike conventional methods,
dispenses with introducing particular parameterizations for particular motion models. We apply our method to the
GPS geodetic data of the land deformation in northeast Japan, where a massive earthquake took place on 11 March
2011, and show how model selection using the geometric AIC, the geometric BIC and the geometric MDL works.
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Figure 1: The solution is constrained to be in Y. (a) A pos-
teriori correction. (b) Internal access. (c) External access.
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Figure 2: Eight locations (black circles) in northeast Japan and the epicenter (the star mark) of the earthquake on 11 March

2011.

Table 1: The 3-D data (in meters) of eight locations in
northeast Japan in April 2010, January 2011, and January

2012.
April 2010

ID T Y z
0036 | —3911124.6109 3117611.8596  3944663.0892
0172 | —3893613.1472  3089073.9138  3983982.4425
0175 | —3898936.7310  3106983.5744  3964933.7807
0549 | —3899954.0638  3134197.0846  3942545.9721
0550 | —3922366.9569 3119914.9630 3931806.3441
0914 | —3888499.5166  3113285.6200 3970160.1127
0916 | —3884406.9622  3127530.4255  3963000.4271
0918 | —3900409.6500  3124326.0455  3949941.0937

January 2011

ID T Yy z
0036 | —3911124.6161 3117611.8674  3944663.0891
0172 | —3893613.1407 3089073.9247  3983982.4331
0175 | —3898936.7224  3106983.5798  3964933.7745
0549 | —3899954.0672  3134197.0985  3942545.9686
0550 | —3922366.9488  3119914.9518  3931806.3268
0914 | —3888499.5075 3113285.6240 3970160.1054
0916 | —3884406.9628 3127530.4296  3963000.4215
0918 | —3900409.6423 3124326.0532  3949941.0840

January 2012

ID T Y z
0036 | —3911128.3589  3117608.0272  3944661.2547
0172 | —3893616.5621  3089070.9017  3983980.4920
0175 | —3898940.3307  3106980.2371  3964931.9731
0549 | —3899957.3856  3134193.9276  3942544.6596
0550 | —3922370.7681 3119910.6783  3931804.3063
0914 | —3888502.8233 3113282.7641 3970158.5816
0916 | —3884410.1104 3127527.7274  3962999.1209
0918 | —3900413.1310  3124322.7276  3949939.5679
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Figure 3: The inclusion relationships of the subgroups
of the 3-D affinity.
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Table 2: Covariance matrices (x10™%) of the GPS measurements in Table 1.

April 2010

ID 0036 0172 0175 0549 0550 0914 0916 0918

011 543.81468 2600.5301 588.95526 299.42994 2298.3728 2580.3350 510.26601 2230.8269
022 425.88304 2395.0165 557.68621 206.77237 2204.4857 2378.9566 473.90957 2148.0015
033 320.91074 1180.6302 306.88459 187.97368 970.31985 1113.2217 255.43911 958.60970
023 204.01142 655.80839 222.80817 129.75187 555.38549 609.86213 181.32306 530.02453
o031 | —262.01505 —765.87092 —252.43021 —173.89883 —658.16237 —830.68293 —225.06877 —625.30146
o12 | —143.09649  —145.37253 —155.31865 —117.32354 —141.02400 —180.97003 —143.14545 —98.325922

January 2011

ID 0036 0172 0175 0549 0550 0914 0916 0918

o11 287.87533 249.12117 452.82105 247.77608 2300.5173 2509.0785 1664.8206 803.41570
022 208.37832 192.85786 371.08918 189.61635 1811.4054 1958.3768 1707.0988 592.74803
033 186.80209 161.45344 230.58634 154.45629 869.80636 978.14059 822.11796 316.10716
023 125.56468 110.72924 143.89346 106.81192 412.96236 417.99055 400.88891 182.73249
o31 | —170.69383 —143.73564 —198.90161 —139.79921 —627.57330 —766.42047 —523.79020 —261.03986
o12 | —112.37926  —93.520583 —101.24319  —90.106188  —71.178480 —71.479138 —43.792427 —84.101060

January 2012

ID 0036 0172 0175 0549 0550 0914 0916 0918

o11 305.96250 250.29374 384.59613 250.86478 273.56924 2514.4584 586.20375 274.97742
022 215.96414 191.07272 222.83353 182.75383 195.10014 1960.5877 568.93574 178.45872
033 212.30943 161.34809 219.11424 157.11409 162.31885 1000.0640 300.81322 156.79702
023 135.52470 108.43137 141.58703 103.04156 111.27658 42.292048 179.18146 101.31024
o31 | —190.15388  —145.39350 —211.37678 —141.09274 —154.20913 —771.60432 —299.18962 —140.78606
o12 | —122.02639 —97.485117 —130.11266 —91.186199 —103.82372 —58.595343 —101.51431 —89.699310

® Towa 0914-

..... kata 0916

Figure 4: Land movement between April 2010 and January
2011 (1000 times magnified).
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(50)

Table 3: The residual J, G-AIC, and G-BIC (= G-MDL)
of each model for the deformation between April 2010 and
January 2011. The models selected by these criteria are in-
dicated by underlines.

model J G-AIC G-BIC/MDL
0 |27003x1077 1.8902x10°° 25727 x107°
1 3.4728 x 1077 1.7424 x 107%  2.2269 x 107°
2 | 37689 x 1077 1.7270 x 107%  2.1591 x 107
3 1.8191 x 107  3.0792 x 107% 2.1619 x 10~°
4 | 4.6868 x 1077  1.7288 x 107%  2.0269 x 107°
5 | 2.3356 x 107%  3.5507 x 107°%  2.1429 x 107?
6 | 5.0286x 1077 1.7180x 10°° 1.9596 x 10~°
7 1.9123 x 107%  3.0374 x 107%  1.9591 x 10~°
8 | 24397 x107°% 3.5198 x 107%  1.9411 x 10°
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Figure 5: Land movement between January 2011 and Jan-
uary 2012 (1000 times magnified).

Table 4: The residual J, G-AIC, and G-BIC (= G-MDL)
of each model for the deformation between January 2011
and January 2012. The models selected by these criteria are
indicated by underlines.

model J G-AIC G-BIC/MDL
0 [ 4.3727x107° 3.0609 x 10-* 3.4988 x 10>
1 | 3.6948 x 1072  3.9207 x 102 6.6700 x 10~3
2 | 45971 x 1072 4.8157 x 107  7.4762 x 1073
3 5.3537 x 1071 5.3557 x 107! 5.3805 x 107!
4 | 4.4057 x 1072 4.6098 x 10~  7.0930 x 1073
5 5.3544 x 1071 5.3564 x 107! 5.3816 x 107!
6 5.4640 x 1073 5.6608 x 1072  8.0553 x 1073
7 | 54541 x 107! 5.4559 x 107t 5.4781 x 107!
8 5.4563 x 1071 5.4581 x 107! 5.4794 x 107!

0 AlICO0000O0OD0OO0O00O0OOODOO0OOOoOO
oboobooooooooooboooboobobooboboon
goobobooooooobooooooooooooooo
goboobooboobobooboooooooobooooboo

gbod20110 100 20120 10000000000
goboobooooooooooboooobooobooooDoo

Yy’ 0.000950467968687 0.999279166869626
0.000338476069078 —0.000240252011947

x’ 1.001228379683353 —0.000959897405742
, =
—0.001235998473807 T 12668.80530537805
—0.000926414154749 y |+ 9615.24810701143

z
0.999671735382466 z 3365.90110431844
(51)
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