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Horizontal Motions derived from Satellite Laser Ranging Observations.

Mariko SATO , Hiroko FUKURA , Masayuki FUJITA

Abstract

Since 1982, the Hydrographic and Oceanographic Department of Japan (JHOD) has been
continuing the SLR observation at Simosato Hydrographic Observatory in Wakayama Prefecture.
In addition to this, during 1988 - 2001, JHOD operated a mobile SLR station and carried out the
SLR campaign observations at off-lying islands or coastal areas of Japan for the purpose of
determining each precise position. In March 1996, JHOD completed a first round observation at
each site. As a result, the observations greatly contributed to determination of precise positions of
the mainlands and isolated islands in Japan. After that, the re-occupations were carried out at
four sites (Chichi Shima, Ishigaki Shima, Wakkanai and Tsushima) to detect each motion by
comparing the results obtained in two or more different periods.

In this study, we present horizontal motions of the sites where we occupied twice or more.
Furthermore, we compare the motions with results derived from GPS observations and VLBI

observations by GSI and show that all results are consistent.
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Fig.2 Map showing locations of Simosato and mobile SLR observation sites.
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Table.1 Observation periods at the sites where

the SLR observations were carried out

twice or more. SLR
SLR
Site Epoch Table.1 4
chichi Shima 15t 1988 Jan. - Feb apte.
2nd 1996 Sep. - Dec. 2 SLR
1st 1988 Jul - Sep 1 2
e 2nd 1997 Sep. - Nov.
Ishigaki Shima
g 3rd 1998 Aug. - Nov. 8 12
4th 1999 Sep. - Dec. Table.2
Wakkanai Ist 1992 Sep. - Oct.
2nd 2000 Jun. - Sep.
Tsushima 1st 1989 Oct. - Nov. SLR

2nd 2001 Oct. - Dec.

AJISAl LAGEOS-1, LAGEOS-2
NP
Table.2

Table.2 SLR data used in this study. The numbers of Global data include those of data obtained Simosato

and the first order control points for re-occupations.

. . Titi Sima Simosato Global
Site Epoch  Satellite Pass NP Pass NP Pass NP
Chichi Shima 1988 AJISAI 34 420 119 2381 517 9722
LAGEOS-I 11 95 18 198 378 5498
1996 AJISAI 35 341 110 2117 2144 35162
LAGEOS-I 12 74 36 390 1343 12652
LAGEOS-II 26 262 51 709 1276 15624
Ishigaki Shima 1988 AJISAI 27 320 33 579 449 8859
LAGEOS-I 21 187 21 262 896 13180
1997 AJISAI 24 303 47 885 2495 40310
LAGEOS-I 8 73 1 19 1733 18427
1998 AJISAI 43 572 86 1731 2071 31185
LAGEOS-I 19 114 38 496 982 9850
LAGEOS-II 36 404 62 1009 1471 16641
1999 AJISAI 29 264 40 818 3431 60150
LAGEOS-I 13 97 16 156 2892 36997
LAGEOS-II 31 356 25 382 2456 34402
Wakkanai 1992  AJISAI 31 479 27 490 879 14732
2000 AJISAI 35 461 41 765 2702 39855
LAGEOS-I 7 97 11 121 673 7151
LAGEOS-II 5 27 11 148 908 10421
Tsushima 1989 AJISAI 50 694 46 946 690 11847
2001 AJISAI 60 799 116 2400 2323 37053
LAGEOS-I 8 52 26 389 972 10822
LAGEOS-II 8 63 35 623 893 11207
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Table.3 Estimated rectangular coordinates with formal errors of SLR measured points at Simosato and the

first order control points for re-occupations together with those of the stone marker at the first order

control points for re-occupations.

(a) Chichi Shima

Epoch X [m] Y [m] Z [m]

Simo SLR  -3822388.364 0.011 3699363.505 0.011 3507573.234 0.007
1988.05 Chi SLR -4491072.491 0.012 3481527.800 0.015 2887391.883 0.010
Chi Marker -4491061.291 3481517.741 2887417.424

Simo SLR  -3822388.379 0.005 3699363.586 0.005 3507573.144 0.004
1996.75 Chi SLR -4491068.257 0.011 3481531.208 0.010 2887394.378 0.008
Chi Marker  -4491061.038 3481517.975 2887417.405
(b) Ishigaki Shima
Epoch X [m] Y [m] Z [m]

Simo SLR  -3822388.396 0.011 3699363.479 0.012 3507573.268 0.008
1988.50 [shi SLR -3265753.882 0.012 4810000.832 0.010 2614265.605 0.009
Ishi Marker -3265721.017 4809994.342 2614345.283

Simo SLR  -3822388.359 0.006 3699363.593 0.007 3507573.192 0.006
1997.58 Ishi SLR -3265798.000 0.008 4809974.132 0.008 2614255.213 0.008
Ishi Marker -3265721.358 4809994.291 2614344.786

Simo SLR  -3822388.322 0.007 3699363.538 0.008 3507573.186 0.007
1998.58 Ishi SLR -3265797.679 0.019 4809974.127 0.014 2614255319 0.014
Ishi Marker -3265721.251 4809994.244 2614344.708
Simo SLR  -3822388.405 0.007 3699363.508 0.007 3507573.091 0.005
1999.67 Ishi SLR -3265798.626 0.010 4809979.242 0.009 2614245.094 0.007
Ishi Marker  -3265721.498 4809994.286 2614344.605
(c) Wakkanai
Epoch X [m] Y [m] Z [m]

Simo SLR  -3822388.406 0.011 3699363.508 0.012 3507573.176 0.009
1992.67 Wak SLR -3522929.135 0.010 2779243436 0.010 4517637.359 0.011
Wak Marker -3522919.105 2779242922 4517642.943

Simo SLR  -3822388.341 0.008 3699363.529 0.009 3507573.093 0.007
200042 Wak SLR -3522928.427 0.037 2779241.039 0.044 4517639.387 0.044
Wak Marker -3522918.775 2779242481 4517642.330
(d) Tsushima
Epoch X [m] Y [m] Z [m]

Simo SLR  -3822388.345 0.008 3699363.523 0.008 3507573.231 0.009
1989.75 Tsu SLR -3344473.915 0.009 4087076.191 0.010 3564512.530 0.008
Tsu Marker -3344472.549 4087072.823 3564514.641

Simo SLR  -3822388.283 0.004 3699363.649 0.004 3507573.033 0.004
2001.75 Tsu SLR -3344478.205 0.008 4087079.742 0.007 3564504.044 0.007
Tsu Marker -3344472.417 4087072.198 3564513.871
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Table.4 Relative vectors from the SLR measured point to the stone marker.

Site Epoch X [m] Y [m] Z [m]
Chichi Shima 1988 11200 -10.059 25541
1996 7.219 -13233 23.027
1988 32865 -6.490 79.678
o 1997 76642 20158 89573
Ishigaki Shima
1998 76427 20117 89.389
1999 77128 15044 99511
. 1992 10030 -0.514 5.584
Wakkanai
2000 9.652 1.442 2.943
. 1989 1366 -3.368 2111
Tsushima
2001 5788 -7.544 9.827
SLR NASA SLR
GSFC
GEODYN-I1/SOLVE GEODYN-I1/SOLVE
Table.3
GEODYN-II GPS

JGM-3 Tapley et al., 1994
MSIS86 Hedin, 1987

IERS Conventions 1996
IERS
IERS Bulletine B
ITRF93 ITRF96
Greenbelt 7105
Haleakala 7210 2000
Haleakala
Haleakala
Graz 7839
GEODYN-I1/SOLVE
1997 1998

Table.4

GEODYN-I1/SOLVE

1999
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Table.5 Baseline vectors from Simosato to the stone

re-occupations and differences between each epoch.

(a) Chichi Shima

marker at the first order control points for

dXx [m] dY [m] dZ [m] Baseline [m]
1988.05 -668672.927 0.009 -217845.765 0.010 -620155.809 0.008  937642.516 0.009
1996.75 -668672.659 0.011 -217845611 0.011 -620155739 0.008  937642.243 0.011
A 0.268 0.014 0.154 0.015 0.070 0.011 -0.273 0.014
(b) Ishigaki Shima
dX [m] dY [m] dZ [m] Baseline [m]
1988.50 556667.379 0.013 1110630.863 0.013 -893227.984 0.011 1530109.707 0.013
1997.58 556667.001 0.009 1110630.698 0.010 -893228.406 0.009 1530109.696 0.010
A -0.378 0.016 -0.165 0.016 -0.421 0.014 -0.011 0.016
1988.50 556667.379 0.013 1110630.863 0.013 -893227.984 0.011 1530109.707 0.013
1998.58 556667.071 0.020 1110630.707 0.016 -893228478 0.016 1530109.770 0.017
A -0.308 0.024 -0.156 0.021 -0.494 0.019 0.063 0.021
1988.50 556667.379 0.013 1110630.863 0.013 -893227.984 0.011 1530109.707 0.013
1999.67 556666.907 0.011 1110630.778 0.010 -893228486 0.008 1530109.767 0.010
A -0.472 0.017 -0.085 0.016 -0.502 0.014 0.060 0.016
(c) Wakkanai
dX [m] dY [m] dZ [m] Baseline [m]
1992.67 299469.301 0.013 -920120.586 0.014 1010069.767 0.013 1398765.416 0.016
2000.42 299469565 0.011 -920121.048 0.013 1010069.237 0.011 1398765.394 0.014
A 0.265 0.017 -0.462 0.019 -0.530 0.017 -0.022 0.021
(d) Tsushima
dX [m] dy [m] dZ [m] Baseline [m]
1989.75 477915796 0.010  387709.300 0.012 56941.410 0.009 618032.631 0.011
200175 477915866 0.008  387708.548 0.008 56940.838 0.007 618032.161 0.008
A 0.070 0.013 -0.752 0.014 -0.572 0.011 -0.470 0.014

Table.6 Horizontal motions relative to Simosato (a) and a stable area in Eurasian plate (b) derived from

SLR observations.

(a) Simosato

(b) Eurasian plate

Site Magnitude Azimuth Magnitude Azimuth comment
[mm/yr] [deq] [mm/yr] [deg]
Simosato - - 32 291 Sengoku (1998)
Chichi Shima 35 292 67 293
Ishigaki Shima 64 136 40 159 1988-1997
57 144 38 175 1988-1998
62 141 41 167 1988-1999
Wakkanai 26 96 10 334
Tsushima 37 106 5 75
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Fig.3 Relative velocity vector of Titi Sima to the Eurasian plate.
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Table.6(b) Fig.3 Fig.3
Table.5
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Vh =31 mml/yr, Az =297°
1 Vh = 66 / A 138° Table.7 Horizontal motions derived from VLBI
= mm/yr, zZ=
Vh = 25 / A 111° observations by Ishihara et.al.(1999).
= 25 mml/yr, z=
Vh =36 mm/yr, Az =106° Si Magnitude Azimuth
ite
[mm/yr] [deg]
Chichi Shima 28.0 290
Aira 64.5 130
VLBI Shintotsugawa 20.2 163
1999 VLBI
Table.7
SLR
1996 1998 VLBI ITRF96
VLBI
ITRF96
ITRF96 Table.8
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Table.8 Rectangular coordinates and velocities of Simosato and Kashima published in ITRF96.

X [m] Y [m] Z [m] Vx [m/yr] Vy [m/yr] Vz [m/yr]
Simosato -3822388.367 3699363.547 3507573.115 0.0030 -0.0014 -0.0075
Kashima -3997892.263 3276581.277 3724118.220 -0.0013 0.0024 -0.0129
Vh = 7mm/yr, Az =180° Fig.5 SLR GPS
VLBI
2 3mmlyr 5
Vh =29 mm/yr, Az = 299° SLR GPS
Vh = 63mm/yr, Az =126° 15
Vh =16 mm/yr, Az = 155°
SLR 1997 1999
SLR GPS VLBI 3 SLR 10mml/yr
Fig.5 VLBI SLR GPS
SLR
VLBI SLR
VLBI SLR
GPS 3
(a) Chichi Shima (b) Ishigaki Shima -
10mm/yr 10mm/yr
VLBI+ITRF96
GPS (Aira)
SLR(99-88)
SLR(97-88)
SLR(98-88) GPS
(c) Wakkanai (d) Tsushima
«— —
10mm/yr 10mml/yr
SLR
""\> SLR
e ey
GPS ops
VLBI+ITRF96
(Shintotusgawa)

Fig.5 Comparisons of horizontal motions relative to Simosato (or Susami) derived from SLR, GPS and VLBI

observations.
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