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INE—"H KEF-EEER -FEAB -ZERA

Ryu Ohtani', Norio Matsumoto', Naoji Koizumi', Makoto Takahashi', Tsutomu Sato', Yuichi Kitagawa',
Eiichi Tsukuda?, Takashi Satoh!, Hisao Ito!, and Yasuto Kuwahara! (2003) The continuous GPS array
observation by the Geological Survey of Japan, AIST. Bull. Geol. Surv. Japan, vol. 54(5/6), p.193 -
212, 27 figs., 3 table.

Abstract: A regional continuous Global Positioning System (GPS) array, consisting of AOA Turbo
Rogue receivers and Chokering antennas, was established by the Geological Survey of Japan(GSJ),
AIST, mainly in and around the Kinki district in 1996. The number of the stations was reduced from
14 to 5 in 1999, and a new analysis strategy was implemented. The repeatability of the station coordi-
nates analyzed through the new strategy is as same as the old one. In comparison with the coordinate
variations of nearby GEONET stations, the secular variation is similar, but the overall repeatability is
worse. In addition, a predominant half-year variation is found in the GSJ’s coordinates. The number
of epochs of carrier phase data observed by some GSJ’s stations shows a half-year variation and has a
strong correlation to a variation of a global total electron content (TEC). A similar half-year variation
of the number of the epochs is also found at an IGS station with an AOA Turbo Rogue receiver but not
at the nearby station with an Ashtech receiver in North America. These results imply that the half-year
variation in GSJ’s station coordinates is attributable to worse quality of the GPS observation data due
to ionosphere perturbation, which is peculiar to Turbo Rogue receivers.

Keywords: GPS, permanent GPS array, GPS analysis strategy, crustal deformation, site coordinate,
repeatability, seasonal variation, half-year variation, ionosphere perturbation
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WeFa—o0r T TV T 5k bGPSE G EIHZE BRGL
721999253 FNE TOIRF A S5[ITWHSTELE

12, GPST — 2 D W AT ST 72 e fi b P& AL 72
2% IR OFEFEE O FFELMEL  IHR DG DI IR TED
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34° 40" B€

BN PERIFHVEHF AR A Y 4 —GPSE SR () &, @ HE TS H S THAIGSKHE (@) D3k
4 DA (BFRZ DN TIZE 1R E B HE) .

Fig.1 Location of the continuous GSJ’s GPS stations () and IGS’s GPS stations (@) used in the routine analy-
sis. Abbreviations of the name of the stations (see Table 1) are shown.

Ly 2T &) & O TEEE O IR 23 [ 7 Z5 12 B
TE5X912k 5 CE7= (A1 Hofmann-Wellenhof et
al., 1993) . Zh&IGHL T, GPS% fifi 5 T HuFZ R K L0
IZPES MR B A  ChETOLS SRR a heBEE T
2R KHEE TERZE AL 2 5> T & 7= (L HIfth,
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PE LR AT ZE T B AR A £ 4 —12 361 GPSHELb L (K E )

ISEZIN 2= g () e (%) I (m) fifi %

#R8E  BNDO 34.1444 134.5139 43 E>— (&B%)
F5E GOIK 35.8279 137.5504 1089 E>— (2858
Z3tf HTSH 35.1546 136.2528 167 E>— (&%)
BB IKDA 34.8193 135.4362 76 E>— (2B
&%  IKHA 34.5139 134.8964 120 E>— (&5
%21l INGW 34.8900 135.3744 128 E>— (&B%)
[BE  KRYO 34.5752 135.7479 87 E>— (288
BIE  KSGI 34.9908 138.4324 65 BRANEEE
RE  NGRO 34.2822 135.3291 149 E>— (2B
BEF NKII 34.7462 135.4380 43 BANEREE
78A  SEDN 34.3204 134.7450 42 E>— (&B%)
XFF TNNG 34.6590 135.5117 57 E>— (288
<3 TSKB 36.1056 140.0874 67 E>— (B8 , IGSB
£ TYHS 34.7643 137.4669 124 =t )=

(38 USUD 36.1331 138.3620 1508 2=z, IGSRB
ZE  YSTM 34.9853 134.6081 169 E>— (285

1 EHTIC R L 7= GPSEURIR O 7 i (WGSS4EERLRIZ & B) .
Table 1 Position of the GPS stations used in the routine analysis (WGS84 coordinate system).
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iZ2¢51iJ5 (National Aeronautics and Space
Administration) ¥ = v MEEWTZE AT ( Jet Propulsion
Laboratory (JPL) ) TR ¥ X4 72 GIPSY-OASIS IIf##r
T LT3y =7 (release 4) M XN T2 (Webb
and Zumberge,1993) . 7= fENTIZIZJPL TR R X 7=
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KRIERTRML & 52 GRS BB N A 7 20378

2 LEGPSR DI
Fig 2. Appearance of the Yasutomi GPS station.
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Fig 3. Schematic figure of the GPS observation and analysis system.
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Fig 4. Example of the web system for displaying GPS analy-
sis results.
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PESERARHR AT W E R A A v 4 —

1236 BGPSHEG BT (kA E D)

F—a 447 il A R B fE

BT —% 10 mm, 10 mm 50 mm, 25 mm
SRR T — & 1m 1m 5m , 5m

WERTA—4| N2 ¥—2 3V HERIZE B O (Hifr) A priori sigma  (Hifii)
SIA= —BOBT—E -, - m 100, 100 m
KIERSIEE SVRLDF—L 1.7x107, 5.0x10® km/sqrt(sec) 20, 50 cm
AREEDE SVURLNOA—D - 5.0x10°  km/sqrt(sec) 50 cm
SIEMETRE | RO/ (X - 0.1 msec sec
AN PR ROAK/AX - 100 m sec

2% GPSI CHEFHX N TWB/3T5 A= 2 DT . SRR

TN CHRASN AR,

Table 2 Parameter setting in the routine analysis. Two figures indicate the setting for the previous and current analysis

strategy, respectively.

DHBHDIE |HFEHTHRIG B TN |, Z

YSTM
M2 S2 N2 K2 K1 o1 P1 Q1 Mf Mm Ssa
SRR M RIE (m) |.00705 .00314 .00142 .00087 .00869 .00664 .00277 .00132 .00022 .00007 .00001
ﬁﬁhkﬁi‘)ﬁ»mg (m) |.00218 .00126 .00033 .00036 .00187 .00146 .00060 .00029 .00007 .00002 .00000
ML iRIE (m) |.00315 .00124 .00065 .00033 .00218 .00166 .00068 .00034 .00002 .00002 .00003
SRECE AR () 936 107.0 987 101.1 -122.4 -1394 -1242 -1444 94 417 -713
wRk A (° )| 222 514 261 483 -164.3 173.3 -166.1 1653 -27.7 -54.9 -108.8
mdbk il (¢ )| -591  -40.8 675 -454 851 639 832 540 433 387 7.7
TYHS
M2 S2 N2 K2 K1 o1 P1 Q1 Mf Mm Ssa
SSER2IRME (m) |.01008 .00476 .00186 .00134 .01077 .00823 .00345 .00164 .00024 .00008 .00001
HORR 3 RIE (m) |.00219 .00122 .00028 .00034 .00198 .00158 .00063 .00032 .00008 .00002 .00000
MALR 2 RIE (m) |.00343 .00135 .00068 .00036 .00222 .00167 .00070 .00034 .00001 .00002 .00003
SR ()| 767 944 809  89.1 -130.0 -148.2 -131.9 -1536 -13.5 -456 -84.2
R AE () -33 332 67 306 -167.6 1712 -169.4 1642 -272 -531 -959
mdbR il ()| -767  -57.8 -844 633 805 606 785 514 619 440 8.2
KSNG
M2 S2 N2 K2 K1 ol Pl Ql Mf Mm Ssa
EATN Eﬁ%iﬁmm (m) |.00979 .00477 .00175 .00134 .01115 .00854 .00357 .00171 .00026 .00009 .00001
%Pﬁ ZyiEmg (m) |.00236 .00128 .00030 .00036 .00210 .00168 .00067 .00034 .00008 .00003 .00000
MiALER 7 ikiE (m) |.00316 .00123 .00062 .00033 .00218 .00163 .00069 .00033 .00001 .00002 .00003
SR iAH ()| 69.9 885 758 834 -132.4 -150.7 -134.3 -1562 -12.8 -41.8 -554
B () 64 315 -119 289 -167.7 1716 -169.5 165.0 -26.3 -51.1 -81.7
mAbk Al ()| -79.0 -606 -864 -66.3 804 60.7 785 514 622 439 8.2
TSKB
M2 S2 N2 K2 K1 o1 P1 Q1 Mf Mm Ssa
YRR 3RIE (m) |.00770 .00411 .00121 .00116 .01083 .00839 .00348 .00168 .00032 .00012 .00004
ek ke (m) |.00252 .00135 .00030 .00037 .00232 .00188 .00074 .00038 .00009 .00003 .00000
ML iRME (m) |.00209 .00076 .00042 .00020 .00179 .00132 .00056 .00027 .00002 .00002 .00003
SR A () 519 736 629 69.2 -137.3 -155.7 -139.1 -161.2 -88 -286 -16.1
mk Al (° )| -105 303 -195 281 -1689 1715 -170.5 1653 -245 -458 -48.9
Mtk il ()| -76.0 -60.4 -849 -669 868 674 852 57.0 432 388 7.6
IKDA
M2 S2 N2 K2 K1 o1 P1 Ql Mf Mm Ssa
SRR IRIE (m) |.00809 .00367 .00159 .00102 .00925 .00706 .00296 .00140 .00022 .00007 .00001
HORK 3 HRME (m) |.00219 .00125 .00033 .00035 .00188 .00149 .00060 .00029 .00007 .00002 .00000
MALR 2 RIE (m) |.00332 .00130 .00067 .00035 .00214 .00163 .00068 .00033 .00002 .00002 .00003
SR () | 88.3 1032 926 975 -124.8 -142.3 -126.7 -147.4 111 -446 -88.2
FERTAE (C ) 16.1 462 180 435 -167.2 170.8 -168.8 163.3 -28.0 -55.1 -108.8
ALK A (C )| -66.4 476  -747 525 834 627 815 532 456 396 7.7
GOTK
M2 S2 N2 K2 K1 ol Pl Ql Mf Mm Ssa
SN ARG (m) |.00683 .00335 .00124 .00094 .00895 .00685 .00287 .00136 .00027 .00010 .00003
%Vﬁﬁknvf—;g (m) [.00197 .00115 .00024 .00032 .00201 .00162 .00065 .00033 .00008 .00002 .00000
ML ikiE (m) |.00263 .00100 .00053 .00027 .00192 .00143 .00060 .00029 .00002 .00002 .00003
SR ()| 715 875 79.9 822 -131.1 -148.7 -1329 -1538  -7.3 -30.3 -20.7
HOPR A (0 ) 06 372 -09 348 -167.2 1717 -169.0 164.9 -27.7 -51.7 -82.0
mAC Al () | -704 526 -784 -582 841 636 822 537 411 378 7.5

3K T TR Uy O 2 oy WO IRIE S K. g P9, AR A T TR § 5.

Table 3 Amplitude and phase of the ocean tide used in the routine analysis. Up, west, and south directions are positive.
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H8IXI: HESXIEIFIL {HL #IHGPS/.

Fig. 8 Same as Figure 5 but the Ikeda GPS
station.

Ol HE5XIEFEIL (HL B GPS)E.

Fig. 9 Same as Figure 5 but the Ikuha GPS
station.

10K SESXIEIEIL HU A IIGPS/.
Fig. 10 Same as Figure 5 but the Inagawa GPS

station.
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11X SH5XI&IEC (HUIAPEGPS/.

Fig. 11 Same as Figure 5 but the Koryo GPS
station.

12 FESXEIEIL HUFHHEGPS/.

Fig. 12 Same as Figure 5 but the Kusanagi
GPS station.

13X X EFIL  (HLARKRGPS).

Fig. 13 Same as Figure 5 but the Negoro GPS
station.
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14X 5 EEIC (HLUFH £ -GPSR,

Fig. 14 Same as Figure 5 but the Nakoji GPS
station.

15X 5 EFEL {HL PEIRGPSH).

Fig. 15 Same as Figure 5 but the Seidan GPS
station.

16X HSXIE[EC (HU R EFGPS/H.

Fig. 16 Same as Figure 5 but the Tennoji GPS
station.
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Fig. 17 Same as Figure 5 but the Tsukuba GPS
station.
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Fig. 18 Same as Figure 5 but the Toyohashi

year GPS station.
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Fig. 19 Same as Figure 5 but the Usuda GPS
station.
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Fig. 20 Same as Figure 5 but the Yasutomi
GPS station.
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Fig. 21 Comparison of the coordinate variations of
the Tsukuba GPS station estimated through
a precise point positioning analysis strategy
by JPL (indicated as “JPL”) and the network
analysis strategy by GSJ (indicated as
“GSJ”). “lat”, “lon”, and “rad” indicate lati-
tude, longitude, and radial (height) compo-

GSJ lat

S JPL on

4 % s nents. Notrh, east, and up directions are posi-
x5 K + N * tive. Vertical lines indicate the time of
P S . . i " +], GSirad changes of the reference frame used in the
1996 1997 1998 1999 2000 2001 2002 2003 GPS analysis with its name. Vertical and
horizontal axes indicate relative position and
year year, respectively.
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Fig. 22 Location of the Toyohashi station (TYHS) and the surround-
ing GEONET stations (93102, 93103, and 93056) used for
comparison.
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Fig. 23 Variation of the coordinate of the

Toyohashi station (TYHS) and the sur-
rounding GEONET stations (93102,
93103, and 93056). (a), (b), (c) indicate
latitude, longitude, and radial (height)
components. Notrh, east, and up direc-
tions are positive. Vertical lines in each
figure indicate the time of changes of ref-
erence frame used in the GPS analysis.
Vertical and horizontal axes indicate rela-
tive position of each station and year,
respectively.
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Fig. 24 The daily number of epochs of GPS
carrier phase data used for the estima-
tion of the station coordinates obtained
through the routine network analysis.
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Fig. 25 The daily number of epochs of GPS
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