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Abstract

Precise positioning methods based on space techniques, such as VLBI (Very Long Baseline
Interferometry) and SLR (Satellite Laser Ranging), which became available in 1980’s, made it possible to
directly measure the movement of tectonic plates which had never been verified by geodetic means. In
the middle of 1980’s, CDP (Crustal Dynamics Project) started as an international cooperation being
conducted by NASA, and the data taken by now provided lots of new information on global plate
motions. GPS (Global Positioning System) later became popular worldwide as a handy space geodetic
tool, and complicated deformation of the plate boundary regions as well as the movements of smaller
crustal blocks have been clarified. Plate tectonics has been viewed for the first time through geodetic
time window by such measurements, and we found that the movement of the stable interiors of plates are
constant over a wide range of timescales while instantaneous velocities of plate boundary regions fall
somewhere between those of the two adjacent plates. Such observations are also clarifying the
movements of microplates, such as the Amurian plate, that has been difficult to be determined by
conventional methods e.g. ocean magnetic anomalies. In addition to interplate earthquakes and rifting
episodes, we found that slow aseismic events play important roles in processes at convergent and
divergent plate boundaries. It is expected that space geodetic observations with sufficient temporal and
spatial density/coverage will elucidate the mechanism of such processes in the future.

1.7L—brT9 b= R LRI

FEAEER LWERKD 71— k| RHIERRRICHEIFED LN TEY, 26 OMEXES)
2 & o ThA R HIEBIR DS — ISl S ND E WS T L — T 7 b =27 ZADF 278 1960 F1%
WZES L, 2 E CRROED - 72 BERHEREH OG5 TR IEBOVSLAEZ SO X 9127257,
Z DR OERETHUL 7o BB & Rz LTz O3l ISR B OUH IR BB 2 TH Y, ZOARE T

* Fax: 0197-22-7146, E-mail: heki@miz.nao.ac.jp



& DT L— NOFXHEEB D EEE MR ISR I NWEE, B LWB 2 FIRIRDLAERL A
HENRDLETCREICZIT AN TV -T2,

WA 2RI L A KREEBERE ORI T L — T 7 b=27 A0 ALY HV (eg.
J, 1983)23, FHT MBI RS LR O M BRI ESC K ST B OB E CIXFER e F L nH o
KYLETL—FES LOBEEZHED S BITHIET 2 Z LIXIZIERARETH > 7. it > THIHL
FOSL— T 7 N=T A~OEEG, HEKE /15 OIS % 7 L — b DL Z HROHE
L & BE S 72 0F58 (Kaula, 1970)CHB A B OB AT E NS T 7 A THEZ KL Z L7 K
WHET L — R ORI BRE D IRA VB CTH D Z L & RS 7 BFgE(Plafker, 1965)7%
72 DIZR B ATV .

BETHELE WD BRI RFRETE T L — T2 b= AREV LTV T, 7L—Fh
DENE PEAE L VD PRI 2B CEOEE R A MITOVTIEE 4 B TR RS L HITH
KB EOT TH RGN D7), MEFEOM T L — 77 h=27 ZZD b DITIELEN
723 % (e.., BEMM, 1993)% 1970 £EFR7> 5 1980 AERIC AT THRIR S - T2, KEfIZE T
JR73 4% CDP(Crustal Dynamics Project)ZHE23#EIZD Y, VLBI X SLRIZ K 57 L — b
F OB AR AY 1985 AL B R L U 7= (Christdouridis et al., 1985; Herring et al., 1986;
Heki et al., 1987) . HIERELF OB O KA EIZIBWNT, 7 L— NOMIHEBI OB L\ o 71
— hF 7 F= Y AQEBETAIETT 5 2 LI Lo THIHIIE L 90K EEARE A BRI 2
ENTERLELEERE). FT L — FOBEIEDEFE L VO BV A 7 —/L CEEHIITE 5 2
EERRLIEZEE, TV — T 7 b= ADE B DB ~ORIMEOA A EZ R IG5
7.

2.7 L— FDEHRERE
2L AHTL—F

CDP FHENZ I3 EORZETKREE A N B )R (Fnak i) 226 SLR 8L, BB BRI FEaT (Bl
WERAHIZEED SRR KR 705 VLBIEIIC, FH 21 1984 EENSBIML TV 5.
Z O OEER VLBI BLIE D HITEE R ST b 24 E BRI 5| Mk a7z, 521
B L SN D 2D OBIN T E, 7L — b DOILARIAIRITEE S BEEEEAL O &K % Figure
LIRT. KREET L— b OB E TR WD, ~NTUA (DT AR LEEST =78
I A (7T A7) OMOEBEITERG—FZ D 1985 FICFR RSN TV D, HRFD
K1EROT =2 DbBoNE 72T NI A= T A OHBELEROBZET £2 cmlyr
(Heki etal., 1987) T 5 2%, fcH OfRNT TIE Z DFE7E1E £0.3 mm/yr (Maetal., 1994)I2% T FA3 -
TW%  (Figure2). ZAUZBLUAARMZY 1AM D 10 IO Z 12N A T, YiFoT —
STy 7 U = TIZBIT DR[O vy (7> B 7 BRI Z L OHEETE) AR
TholelzORI LT — 2 AN T UM ERBENEN T2 L2 LD,

WLE IR R ORBESE D O HEE SN iR EEE THEO N2 7 L — NExHESR T L
MR&ER2TL—bF (AT L— 1) I L TUIAA T —rE & R E DN b Tl a— b
RETIVINHENL SN TCTE Y, BIEIX NUVELL £5 /L (DeMets et al., 1990) 2MEAER (2 41 T
%. VLBl ZHHMHNIHIN TH Y, 2RI T 2RO RO ESCIEE 1TD0y > THREEEROF
TTRBENCEERIZ OV TCIIFR 2 5 2 72\, & Z T VLBl ROMAHEEN R 7 L — MEBET M E
NET—H LTI E R 570012, MERE FATBECRE S CRIEE 2T 10T
HIZE DAL SLENH S, Heki (1996) 137 L — FDEERDI S22 5 L @mEWHEUZ O VLBI JE
RPN RALT, METFEOT T SO EE OKFERSy (Figure 3 )% NUVELL £
F L OFHl(Figure 3 PIZAEDED Z &2 X > THEDN Immlyr UNT—8H$5 2 & 2R LIz,
ZAVT A A T BUAEEA T O 77 L — N EE) & VB R 2RI R r— L D 7 L — iEE) &
DRENIARE R 2B NN 2N L 2 ERT 5.

NUVELL €7 /L ClX, MHFERELT OREEER D 72 720 b K 3Ma OFFE DFEIZ DUV T,
Z OHgEED B O FEEE A BRI DFERTED Z LICL» T L— FOES 2B TV 5. HilA



WA TE B o KA O S E(K-Ar )2 B 5T 5728, VLBIIZE T 5 BLllE
JE & =T O TRREE O3 Z OFMRREEEZ ML FIETRIE LT 2 & 2 BT 5. Mk
WA TR HERE W) = 7 OHERSFE IR L D TEM DN Z — N b BN D W, [F—a 7 OEEHERIA K
A EnbEonsBEOKELFHMBEEZ I T at vy F A 70 (MEROPUEELICHE S B 5
BTN T 2 AN 2K ELT) L ERdHbHE D 2 LI K > THIEKWEIROFEN E2 RIKT1%
MIZRRHE D BRO 5D L 91272 - 7= (e.g., Shackleton et al., 1990). FITDOHFFEIC X 5 & Hikg &
BEOERDPEFHFENRE I T ae y FRAMICESERDBTHL WHER->TEBY, Thie%
(JTCNUVELL BTV ZD L OEMET 28X H & 5H(DeMets et al., 1994)7%,  BUfE £ T H~:
IO N7 L — ML L H LW ERAEA 2 30 FF L CUh 7220 (Heki, 1996) .

VLBI %5 D $1 BRI RS FE 13 KRR 2 (2 b U CHE < (Heki, 1990) , F 720D A& OBILR T
L— MEBNCAR SN DK EECH 722 LS RO ETEESNIERD £ 0 Ewm S o
7=. EF72 VLBl B OEREELEN T L — NEBO TR L AOTNERL, DOZOThN
FEREACHHIT 2 Z &0, [EEE VLBl RO AE - TR ORI L 7= (Heki et al.,
1989). H{&(1989)iX = D1 % VLBl RO —HEAR2 R TIZ R W E B ZT-N, D% VLBI
JHREE & R TTRIICH O D Z ENTE D X 9127 - TEL ORBNFEEITE mmlyr O F Bk
ZHFOZ LN BT o 7o (Heki, 1996). L2 LE4 5 ITKEELIRICHE 9 Ml o & o vk
Tholo b (LKHEE), hAZHAOFELBbNLbDTho7cy (BIRREY), & 2R~
WZEAR O GEGENZ . FTOKRBIRIZAE O BEENA EISHR T ST\ b 174 @ Algonquin
JREOHI L & D (Heki, 1996), Z< ORIVIEEARLTHENLEZ T B — LD LB XD
TS %5 TH D, Falflc e o THIERIRRRIIZ £ DK O LA PSR BE0 2L O TV
BH, BT OB KHELR B A B0 & 023 5 72 OIIRIFRT O b s E o JIME ) 2 Tkl &
HENRARTH D, 7 a—s3072 VLBISLR 8 TLETHEEOHEEKEZ EIFCiiE, b
U 72 GPS B CEE RO E T HEARETH I LN TE D, 2O L5 el
RNTTATOEZ S LA RETEY Za— LTl 4% & b EER AT b s.
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WERITT L — MEBID/RT A —F (A T — L, [FERHEE) % UHERHE O30 S5
FF AT 3 — AW OER, WIEERKEEO=ZFENLIRO TN, ZALITEICHED S L —
FERTELNDERTH Y, VA AD/NEL THEANT- Y LANWT L— FOEE)IRE L
W ol FERIZENEGZ501X7 L— NEBO (X ] 20 THY, BENE 2 D013
BICHERZT DS TOTL—MEKD S 23 THi0, 74 VBVl L—FD LI
BRNMI-> X LIWEET L — b THEFADILAABREIEDN ) THIUZIHEHRD [ | (2> T
RSO VL FEEHBL THE O A REE X, ()7 L — MERD DB L E 2R NIk
TRHOLNDZ L, QEHEL HFHOME G NFEHIGHILD, D5 D0 S THRIER) Z R DIZ<
MolevAr7nur L— hOEBBEHICHFTH S, FiLTIE VLBl ° SLR O 7 17— L7 @]
V2 HD < R FE L ME R (Kinematic Reference Frame; e.g. Heki, 1996) 3% (i < v, HAENO v —H /L
72 GPS Bl T H D IEMEIR 72 £ D VLBl A B iATe Z LI K-> TEHF O T L— KN
O REHEEABHEIZELOND LD/ T.

AARZEGELRT U7 IR TIE, /R —F 37 7L — MIOE SN T HIR D £ < OE M
~Afr7u7lL— e LTHRBIZENNTWD Z ERDho TWER, 21D OIES) % & &1 -
THZLERETHS 2. ZDO—FlIZA v RO2—F > T ~DOEEEOI LItk 52—F 277
L— b oAb & SRS O LH L (Extrusion)lZfE 9 71 v 7 O H i TH 5 (e.g. Molnar &
Tapponnier, 1975). H[E, _L#E® VLBI J&i 1980 {8225 CDP FHEICEIM L TW D ED 727
VT DRTHDHN, =TT T L— MIKT DR RA~OFM lem OB & 23 ST
% (Heki et al., 1995; Molnar & Gipson, 1996). ZiUiZ EFREOM LI LT 7 =27 2O —EB 3 HIHF
IR SN T RO BE TH D, GPS HOT VT TOREMBIEATEY, KTV 707 1y
(w47 m7L— MiEEEZENOOEBISBRERICL > TRAIZHLNZSNTPLLEA .



FONETH BAWEERG D D PEs I EH S 28> CIFRICE A2 CORMENE AR A A%
SRR 7 h— LT L— k] OFEIZZ->TULIZLIE ﬁ%éﬂf%éﬂ@gﬁﬁl%@
AT OIREECP A ARD GPS BUNE Z b ORI A2 —F 27 7L — MIx L THIEL T
W5 ZERERLTEY (FIFf, 1996), 4% OMZEMENER S5, —HFEBARICOWTIL,
2—F 37 7 L — hii(Chapman & Solomon, 1975), bk~ L — Fai(/MK,1983; H4+,1983), ~ 1
717 L — hi(Seno, 1985), A A— 7 7L — Rii(Seno et al., 1996)% 3%V, 5% W LF v
Y ARV I EaE DT GPS RO R & 7 L— LT L— h & bad & DD T
L— F &GO BB OBREGHIRITIC L > TRIRGZH O NNTT 2RERH A 5. ZHUT HARMEHR
EOMBEOH LB REZBFT 5 L THLEETHS.

BRIZETSTL—NER
me3ﬁ7V~%ﬁW%&Lfﬁuf%é&wﬁfv—b?7F*?X@FWﬁ LT I &
LTV 7 L— FNIk (Figure 3 TIUMA TrRrENTZHTREEND) TIRIFELWI LZ2RLT
W5, —HFERTOT L— NMESHER T HE @ﬂﬂﬁhkkbfﬁkm o TWHID, i
mm_$@¢57v—%W%&@ﬁw@wi7v—k@Fﬁ_ﬁw% T DT (M A Eh) 2
STHRILEND Z & BERERAIICIRR S 5. BRI T67v~b®w%i%%#6ﬂiﬂ
(2 & o THIEE I MRS B K AR 7 AR AR B & L C b A R E BAVICHER S Q72 28, P
HOBGIZ L > TENL OREEANED &I, Foll TAr—A XU h) L THIESNEHL
Bk E LR EN>20H5.

3LUNRIE R

IWREER TO 7 b — MAXHEBN L L — M (SR HiE & L CRIRMICEZ 5. 2 L4k
ORI RILES L TR Y, @EHTET L— N OEFGEE)NIEE IR 72 b b Bilo
e & LTHRIREND. Z ORI U — MNEHIEES A L CERAPEIC L#H I 508,
BAPNHOEET D L & BICROMBIZH A - EMEETE N bE D (Figure 1) . EINOFEAD—
AR AN BEHUERIC X D WTE TR & O TIHEARNC EBINOMERIZ A Z 008, £ DK E
S HIEE CRETE S 40 5 R 72 B AT HE T —H/ ) S U(e.g. Shen-Tu et al., 1995) . H AFI 513K
MORVLET L — D, L7 4 VBT L — E B IEAZ A TR ERZEINTH S, Bk
A AN A B 2RI R & th AT KIEPET L — b BIZH D H 7 7 A SO FRBEELRIT, Bilo
#a A D43 721F NUVELL BT LD TRIZEE L D /NS < 725137 Th 5 (Figure 1 O B~CIZFHY).
WETESHE Y O VBB X 5 & li#1% 6.35 + 0.07 cm/4E TIT-SW T 5 25 (Ma et al., 1994),
TR PEET L= ERARDFERLIK (2—F 7)) 7'L— FOMHXTER) & LT NUVELL
ETANTRT S 6.9 cmlyr (8.0cmlyr) KV HFEEIZ/NIV. ZHULEIA T L— MR FHIC
BREZSTE 2 52 CREMS DS BN TRk % | 3 BEBE DR A3/ & < T B 72 b & JBdodu % (Heki, 1989;
Heki et al., 1990). Z OFEILRNIERTZRKAARDO T L — N OMENR S L7z tz, L0 ERER
REBEWMmNTELEOITRAETEAD.

— I E L7 L — ERAOAITIE@EM O 7 L — s O REIR 2R E CEI K Z L2/ D (IR
ITREET L — R L7 L — FOFZREIE 2 L TCWD)., SL— 727 h=7 A TIE7
— FOSAMARRICIR S 2 5 &ﬂ%@%ﬁ@ﬁf%éﬁs7v~%®@@%mkﬁﬁim g5 7
eI CIE TR C©H 0 IR 2R R CIIAROEZ o [H | 122 EWVWHIFWNH L T
%, ZHU 20X Figure 3 @1 GRIHI ) R & T (M ?%)ﬁﬁ%ﬁ97ﬁw:7%
WTHETIVIERTE S, 20 T4 ORIEESeo4r—2—Thbs0, BRIEEESRE
®bf#®%%%%wT¢oE@ka~%Fﬁ%ﬁ’Aé’k’@6 AAREND GPS fEiz
B DFXHEE 7 L— NEE) & BEH ST 2 72O ICENOEERE SN LETH D DIXZ D7
HTHD.

VLBI/SLR 23 =N OIHRIFE IR O 7 L — NERICET 28l L W72 b DO Th o723, H
THIERE A i & U7 2 ER 7 GPS e BLIIRE A 1994 4 LISk 23 ENHefif < 4v, REZEfA0IC



K VBB RBIT — 2 BN F o5 X 927> TE iz, M HoOMEY, (MERMZRAE) 2k
T 5N EFAEOBIIHIB N LETH DA, 1994 ELIFRICEN TRA LIz gk & 2 s
2N TIEHIE R AR B4 O HIER B O L 7235 5 I S U CHUE FIC I 22 B 84
=6 L.

IR IA TR CHAT HARAWWE R 7 L — R IZF R A7 7 L — NMGRTH 5000, Wi
IZBT DT &IV 7 L— MEE) & R FESRE M ORE S 1ZIER U TR < TR B0,
L7 LILAIA R D% THIERFOWIE TR B0/ NS X5 2 L ESFN R L - T
FRf SN C& 7= (IR, 1993; Pacheco et al., 1993). Z AUTHERFFEENE W=Dk S iz
FNF— (MEBEE—AL M) ORI SOENZHEN 2 H F 0 34E S H 70 HE i E (Kanamori,
1972)id 1 - < b HisE(Kawasaki et al., 1995)72 ElZ L > T STV D EB 2 BT,
EFL GPS D RREN B AR & 722\ 1994 4E AR BB B 72 ¥ T M RR T b 2 = Fi13 2 2 iR 3 i
Z o=, OB EALALER D B ALHEE R S 2T T LELL IS 7 o TEH S v 7z g itk ks
L, BEE CICHELNIHEL DR WIEEO S > & LBEERBIIBICH 5.  Hekietal
(in press)DZENT & HIEEWTIE D #5729~ 0 (afterslip) (2569~ 2 - [RFEMEIK DR & L C—4F M
DBRFET R0 EE2RD, MEK D> VKRS NT-HEET— A MRAMEROMBKT— AV
FERLZEERH L. 77— FOIURITHIER 28 E S H 5 EOHEZL $ - T 100%%%& T
THDTIERL, TOHEDD -V LIzWifgER) & FRROEFNERI-TZLndb Y, #HEFT
TR ZZ2VHED S 5 —DOOBEZJHIFANIC R D Z LI X o THERMEG S 50720 >
S2hHEEZLD.

32 FHEIRR

7 L— hOBE BEER CTHRIXE, NI CTEGENTH L5720, TOFRESTIEED L D rEjx
LA BRATHXRMIZT L— FBREW=OHIZT L— MNEEIN —REICIE S 5
MR | 72BN & NEEAICTHEND A, 20X 5 22N GPS IC L > TR T A ZF 2 K
TEHABLNTND. TA ATy FEMALICEALkE 22— 7 07 L— MREUERERIE, kil
PO OND THIERE) & L CBE R MEREL 5. LT A A7 RTIEHEFRIZE
DOFERH O & &\ ZPER A (rifting episode) 3 FAE L, 1R RENHE K EZ S TT L— R332
— "AERT B &) A 2 B GEB O A 9 5. 19 il RIC T A7 KILTHRAE LT
PERFEDFK) 100 444, 1975 425 1981 FEIT/T T2 I 7 T kiiz & L7-En B#E Tl 7
L— MR 8mBEND (7 77 P REM ) 2354 L (B4, 1989). Foulger et al. (1992)i%
JERFED & o T B % D 1987 4F & 1990 FFIZAL T A AT > K TiTbiviz GPS & ¢ > ~X—
v OFER, Bl HBEO HE O MK NUVELL O FREEED 3 50#E S Tt >oH 25 Z L& A
HiU7z.  Hekietal. (1993)/3 kML A & G oD pi i 1 2 (R E L 72 Bott and Dean (1973)D A |-
L AYERE T V& 2 otlZPER L, GPS Bl ORI OILREHFIZHIT 5 7 L— MNER o) =
MBS N E o THEAD DS u, HEaF ol /- sl E5| L &b Thr L %
BUAEAINZ R LTz, GPS & % X=X Z Dk 1992 4E12 H T4, Jol L7e3 5§ £72 NUVELL
OF R &V RIFIHENER DN TND Z EA/REI LTV 5 (Foulger et al., 1994). % 7= it
Hofton & Foulger (1996) |Z-HE[R~ 27 2 7 = )L RESRMEIR 2 50E L C 1987-1992 D =R UL %
AN L T 5.

R Y V2T 2T (FL—RMDFDOT R ) AT 2T o~ 7 AT 2 )UK EEZ X 5 &
BERCHRAET HRIKRN 2T L — MEENIT 2 AR 2N XTI TH 5720, ik
DENLIE =R e IR AR IS B B 172890 GV Tl b0 L e s (BT TEMER).
ZAUHMMTRIFEA R > ThES (FL— MAE) (28T 2K FEOERGRNRE X (71— [ iES)
EVTEHED N B RV R TO—RE 72 Z Rt VR ERTT ' A7 = 7 OiiE &
EBIZTRITLMIEID AWVITBATL T (e, BEFUE ITRIET DM 7 L— NNERICHEH L C),
FTNNEHICER ST ONR T8 A7 2T T 5V Y AT 27 OKRERENE, T70bb 7 L
— MEENTH D, 2B~ MKHREILIED RT v ITRRT T - TNVEOT L— MNEB)O [RE) /]



1. 2 2 TIEHERICBWTHBEOE N 22 M7 < AL L THIXRRIERERT HEnwS 2 L
2725, AT A AT ROETE 57— MNEEYNL, KEMIZIZZ oL D REXRESR (71—
MER) LHEFER) (FL— FEENE) OBELOBERLYE X bD LR TX 5.

4. EhHhYIC

PUbZzEldnl, MM L— MEBTRO L 5 2 HE2 R,

V)7L — F OB X ILZENT TIIBEN L E T FEDOIRWRFH A7 — L TC—EThHDH. FL—

N EEOBE E DWW b E AT RBIIBHIE STy
@QAHZEMBRNC L > T~ 7 a7 L — NOBEEBIDREEMITHEH I NS>0 5.

(B) 'L — MEADVEE L TWLGE, @HF M OBERIEOHREZIIW 7 L — h ORI S D272

5.

(4) 71— FERTITHBEBSCIERFUH RO X A b7 4 v 7 2 E TN T, o<W LT

HEZ EDRVRENH Y, Z OB PRI BT IE N EE CTH 5.

FL— T F =7 AR ERE TEOFEERRBIR E L CER(bI . 2T L —
N EE) OREIEE U Tkl i ORI BRI E S 405 i HEER I B2 T 15 03 24 BE o
HHEXL D ERBEChH- 22D THS. FHRMBRBEAREO T, THE B8 T
%7 L — MEBPEEDORFE A 7 — L THR Y LODN? ] £ ) bDThH o7z, /ME(1987)
I THIERSBAFY ) 5 BECTLLFOL Y IZim LTV 5.

7 L— FOERLREB B e EiL, HEKERREFRA S — L THIL X CD TEKDOH 284 TH
B, LWz D, HililflE LA, BREHRICKEMIZL, RS V7 B kL L L LS.
RE 23R DIZ DI T, A & Z XK EBIZEEREZR O 2 X WIZIEDR > TW L. A 2 7 QIR 2 J7m &
THHELT, b DA U I DMWICEE - TL A LIFRLTHVERW. LarL, T<EWERT
BeDA 7O FOMEEBE LT DHE, TNENOBRMTIEA 7 OO TFIEd b 55N
WKEIWTWAIET ThD. LLEROKDOGTHRBIIELAEIEROEEELT, 47057
WFETEDRDMGA~E, JEHORIC LIEB o THER > TV, FL— hoBhE HE T X 5 ICERfigd
NRETEARNES 5 > 2 HEBRSLAGHER] A & — T 72 SRS O b iubh ORBRIF B R E T
BHAT 20 D, 7L —FOFXEFR TELDIZENNTWVD E LMRZRNEASS.

— FEEF IR B OB 60 4F 6 A B2V C, MIERSE AR A — L OEEh N O F F 4
WERIRETH A 2D TEHRNE LR L L, 20X 9 RBIHIOERIC OV T BB
LR 2 R CU B (H i, 1985).

VLBI X SLR 5 &, Bx DEIFEL NV THLEFERMTEE 2L AT, 7@ Y B
MR 7EENZE S DI TH D, 100 FHE LFELIFHIZ6 TT20ERHDH. FEBRZ LEMT L—
NES) & W o 7Kg, ARYIZ 100 HEMO T L— MEBIO KX I 100 T30 1L OEXIMEFLND, &
ERELTHDDIT TR, e LAYEL, FEESMEN 6 JI-RBRVWETRZZEIZE-T, &
SHULWEERHELMNIRDZ EnHEEN5.

VLBI ORI A EWRFIE NUVELL 72 EOME 2172 7 L — NEBVE T L O FHIEN S OF
BRIV ONAHENTWER, ZNHDE L IFREAET VO E L HHICEZ TV o720
BRI BIT 2 7 L — NEORETH D Z ENHLNICR > T 2. kB RFR % 2 RBR L7 2
CIFEROTHIE TS BT 6, TNIEREIA1EE VLBl OREBESLRN T L — FNEfTT L
DO THUEIZIT ST ] 2 ETholz. BETIE 21T 72 X 912 NUVELL EFT LD TH#l
WEE L VLBIIC X A2 BHGEEE 345 & dmmlyr LF T—& L TW5b. —JF5 16 1F72 BV KRR
SFRAED H THTHL MR T2 LNWEFE | & LTIE I E TR AT — A X FOF AR
EMZEFTHY T 5008 LAV,



FHTHH B AT Z B o High Technology O¥% >< L= b D TH S8, 7 L— MEE)TT LI
7w b RN E (BERSRE), AT —DE (BHERE), EEOIEr (BERER), MGt
(CRTERERE) 5 D4 T3k L T High Technology & 145 2 72 W ET TR vz — RAWIZRKE D 72
WBLHIE A 7 L — hT 7 F =7 ZAOFMERICE SV THES DO TH S L VI HET
SREOFEV THERS ) 23, 4T 7= High Technology 23 L L7 BAED A F > 7o a v & &
TLICHALIZOTED. T4 TAOFHELITHIC, T 2 TIE NAENBUEE BT 5720 D8t
LroleDThH-T=. 20 i H DV ITIT-D&, GPS X° VLBl IEE 9 I kITTElkEA L —4
FWE 2 OB T HEBHEN O S0 FXOENE Y OOH 5. 2003 FH L EIFTED
SELENE (Selenological and Engineering Explorer)iZ L % il A 518 RISE (Researches in Selenodesy) T
X, A OENGOREEAEE 2 T ICH OWEEEZH 6200, HORBEEZEA S & LT
. 21 AT S Uy D JHER 2B, fth oo RIRZ IR 70 TRk CHRE T SRR e
L0 THD. SEIVEWIRIMT A [BIE) BEOXRED L] 2RI 580%E
HRIZTETHD.

BE

FERIIRERE TR E CHARAE L A AMKRIE L W AR 2 Z L TR Y, Bilkic X
> TR 572 VLBl O ST ZH O FHEREORIH T O Fik 2 5 5\ b 7o o TIX BB BT
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Figure 1  Various space geodetic techniques and typical patterns of temporal variation of inter-site
distances. Geodetic VLBI is a technique to receive radio signals from distant quasars with multiple
radio telescopes, and to determine relative positions of the telescopes using the delays of the radio
signal arrival times obtained by cross-correlating these signals. SLR is a technique to measure the
distance between ground stations and geodetic satellites equipped with reflectors by travel times of
laser pulses, and to determine the ground station positions as well as the satellite orbits. These two
techniques are suitable for longer (e.g. intercontinental) baselines, but their ground facilities tend to be
large and expensive. GPS is a technique to record carrier phases of the radio signals from GPS
satellites with specially designed receivers and to derive relative positions of the receivers from the
phase differences among the receivers. GPS receivers are relatively cheap and suitable for
regional/local deployment, but positioning errors depend on the satellite orbit accuracy. The three
panels in the lower part of the figure show how the distances between three VLBI stations on an island
arc, and stable interiors of the continental and oceanic plates would evolve. Distance between stable
interiors of the two plates (A~C) may change continuously while those with an island arc station B
may change somewhat irregularly due to the crustal deformation in the island arc associated with the
earthquake cycle.
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Figure 2 Distance changes between Kauai (Hawaii, Pacific plate) and Fairbanks (shown as ‘Gilcreek’ in
the figure, Alaska, North American plate) VLBI stations published in 1987 (Heki et al., 1987) (upper)
and in 1994 (Ma et al., 1994) (lower). Larger dispersion in the older data originates from less
sophisticated data analysis software (see text).
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Figure 3 Velocities of worldwide VLBI stations predicted by the nnr-NUVELL plate motion model
(Argus and Gordon, 1991) (upper), and observed by VLBI over the last decade (lower). They are
almost identical for the stations in stable interiors of the plates (denoted by solid squares) but are often
fairly different for stations close to the plate boundaries, such as those in Alaska, California and Japan.
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