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2.1 TJLF GNSS-PPP [C& B EHMBAEMOMAE

AIRETIE, ARVIEBIZE T 5HBEBORZEMET L (LT THHREBHET L] L)) OFFERK
WZET 2, FEREMBINL (PPP) Z W EFEMELROH ~# OEIEEOHEE FIEZRFT L TN D. #IR
EEET LTI, BETRESOB X OEEME LCEICERBERFSMERSBEZHEELTVDIN, &
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PPP D%, [E LH1FEFE T MADOCA % MW CTHEE L 72 #2 AL BRIE (BT B i3 2, 2021) &1 L T 2020
F1H1HMS 2021 412 H 31 H O, 2EOE - FEUE L2 D0V T GPS, GLONASS & UM K TH f#
BIZX 2 30 kRO PPP-AR it H 2 £l L, ZOHY%ME (LLF TPPPfiE) Lo .) ZEHEHL
7. fENTIX RTKLIB, 7 > 7 FAAHRMEET VI FS AT LR b o2 H L T D, £, BN IGS
BLI AL, STK2 CEr+#J11 A), ISHI (f1fif]), TSKB (< i), TSK2 (<X 2A), AIRA (JFR), CCJ2

(RE A), MCIL (FdBE) T IGS fi£& PPP fi#, F5 f#DHEIEME O LE: 24T\, ITRF2014 & DA
Rl L=, wiZ, 2EOEFEESICONWT PPP iR FSREDIEK AT, nk, MWRIEME
& i PPP fENT CIX, FrEDOZEWH - 77 —2 U =T OF — X% D4, RTKLIB QBN /X7 XA —% D
EIC K> TP AL EIZ D ()1, 2022). RETIIMNANLEIT R b RVMEZ AW TiET 217 -
TW5.

IGS fi# 5> & 0 PPP fig & F5 ff O VEFEE O T O SFEEIE A X -1 1277 . CCI2 (R A) & MCIL (5
) LSO 5 B TR, BPERRSY, BIALE 0 IX FS fED 52 PPP R K 0 /& <, F5 234 1~3mm
FEHE, PPPfEA I~6mm f2E TH YV, LTI F5 L PPP AN IZIZEEE T 3mm~ 1% mm TH
L. Tihbb, ZhbHO 5 BIIAETIZFSfiE, PPPEE S lem BRE O T IGS R AL TWD.
CCJ2 & MCIL IZEB W T, PPP ARILFEIARIC IGS i L A LT\ %. CCI2 @ FS fEIEHVE - E N4 T
PPP LV & THOFHEARE WA, FEHERZ S RN Smm, LT/ 19mm & RKEW2D, 62
XOFMBANTIGS LA L TWDH EWVWE D, 72k, MCIL @ F5 fi#l2iX IGS i LB E 2T A
HiLsd. MCIL @ F5 fifg® L Faksrid 2018 42 10 H ZAETIL IGS fif & K< —&H L TWwWien, 2otk
F5 fiE D B JEREE DR BILCE Y, BAEBICHTR O T L FREE CHEZPMHERLTWD Z ERD
Mo TWD (I, 2022) . L7ER->T, ZORYUZRMZLY, §FaABELCTEBbsn, O
HIZAHTHS.
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STK2 ISHI TSKB TSK2 AIRA cc2 MCIL " . FS%’* . ng}Tj'lb

RMS(em) 0.95 0.64 061078 0.610.72 120073 093 1.84 2.441.06 10.231.25

®-1 PPPRRU F5MOEIRED IGSHEMoDT . 2020518 1HA S 20214 12 A 31 HOFHIE.
(F:F5f& JF :PPPfR). BMBMEIBARBRTIS—N—FEFEFE. TOKFE RMS (B : cm).

-169-



K-2 [C2EOE - ERESCB T2 A, Mk, ETF&EKS O PPP fiED F5 #0050 TN O HE %
AT R/ - AT OFEHEITE mm BEL T TH Y, BMEKFELROND. —F, ETES
TIL PPP fRIZ FS FRICKT L C R H MDA T ARG, ZOREIEFELZH mm 225 2cm F2E T
HD. AFao PPP fiEMT & FS AT OEE M (<X 1) OEEE 5 2 28 (FRiEs, 2021) O
WBRET (7 E) 720, ZOLEFAEBOAL T ZAZMADFREDENICLD LD TlEZARW. 2, KiX
HET LN, ZOEMOMHERET DL, BEFNORTEEZED, FEOHBAZRFED LRMMEIX
Ronw., —F, 7o 7247 - BEFXATOMBELET LD LT HFMONA T Af{5 &
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W TPSCR.G5(GSI9) B TPSCR.G5C(GSI5) W TPSCRA(GSIA) B TRM159900.00(GSI5)

B TRM23903.00(GSI1) ® TRM29659.00(GSI8) M TRM39105.00(GSIB) ® TRMS59800.00(SCIS)
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M-3 ZoFTFE2ATRUOEELZATED PPPHEO FS@ALDTHOEKME (2020 F£1 A 1 AA S 2021
F12A831B LTHY). ABLT7YFFE24 7 -8E454TRHT, BARFTEMSHEICERTINS.
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BHm»O 0BT — 2 ZlAEG0E T, 3RTOEBEREEHT D 3 WM 2170, BrEny
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KOEFSCHEED L A Y ORREDIEKR
BEHE 2 fiff 2 72 . B Sk S AU 7 R SR B AR AT A5
LA VEBRIRT D &, HiX] bz 288k Bl
BRER S, TN OEEO R E T
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— XLy = 7K ETRRL, HFESOMREDELLT L ERMHETE D,

FEFROIZDO 3 RITRr 7 v 77 L5 TIE, FHHRBENRESRR2LFW SAR, £/ 8Lt 7k
> I, SBI (Split-bandwidth Interferometry) O & FIEDOBNTRER LM ARICHZ D L 5, BWTHBRO
MAEZHEL, ThEBELLEAMIEE/N _RIETIRAELHELZEHTLIX5ICLE. Zhick
0, EREEZRTH SAR 7 — & BRI FTRE 2 B IK TIX, FIZ T ¥ SAR RO EREE 72 3 on A @ B
Boiv, 220, BB WEEMEREBNE L CTTFE SAR 7 — 2 BFIHATRE CIX R W E TS, R
BEHHLO0, BNt Ty MEIZLYEAEAEO DN 3R TEHEEZH/LIZENTES. F
7o, BAMER/NZREICLY, SHINTZ3IRCEHEOKEE 7 BV OHE#MEZLEBTE 5. F
i 28 4 (2016 1) HEAHIEE 2 OY 2016 4 5 B U 0 o0 158 % kf 52 & 9~ 2 iR AT TlX, GNSS oK%
P& DI RO 3 R AT EOHEERZEIC L D RERIEEITVY, 4 H ML EDO T SAR 7 — & 23 F
P FTRE 72 SEI T, R L FARSr T lem, FEALAL S T dem, Z U LLA OS8R TIE A /L5 T 10cm 53
DR (1o) TIWTEHERHOND Z L 2R L (K-4) . 3 IRICIHNT FIELF BT O FE 1
{22\ CIL, Morishitaand Kobayashi (2022) #Z& M Iz, KFEEZHWD Z & T, #EKEKA~
1 DAUNICE S RENOEREE R 3 REEBENBOND L OITm 5. EROEIE - EHHIE T
A—Z XA RENE BT Do DR E TR AEZEL, o, HMERETDEII T X — X H@HEs L
o TR, SARICE - THOND 3R EBHEZFHTHZ LITL Y, RENOMHER) 72 HBEE -
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X-4 T 28F (2016 &F) BAMED 3 RTEBBEMER
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23 MREBOFAMGHERMAMEHARVETIVIEST SEMTORMAKE

ABETIE, AAOLIICHAHMBEHHCSI L INDELICENT, (LB OFHRE RO EFEE %
BHILETAVOBELAMNE L, EFEESROR ~ OEEEZ AW ELEHET L EERT ST
iz%iﬁﬁﬁbﬂ\é B 3FET, MREBHETLVOFHRED > BRFRIIET VL OREE % Effi L7z, #E

, BTEEROH 2« OEIEME (F5 ) IZH END2RDEE %2 BB ERBEEEIC L - TF
fﬁﬁé%ﬂz (/MY 2019) W53, 26 OREBOREEECREEHETE 3 2 720 BLAlIZ & A
SO FS AW D T TR, MASOBFIEESOBUBREOESCB IS ORI L v EAT
L FSOANEORELZ T TCLES. 22T, Lo EICTHWD F5 LTI, BUREOY
WAHBBRELSZITTLE Y, BEBMMAA (PPP) ICLVEFEHESD 30 B & o FEEME 2 #E
L, D1 H45 (2880 f&) O JFEFEIE DOEWER 24, AR O 5 HBIEL - o E B2 D e & £ 55 D HETE IRe 1
\AHELTERET L FIEEMRFLE.

AR TR 7 R ORSRAIE T V& Tk 23 45 (2011 4F) BB HL G KOFEPET HEEE % O FS i &
HWELLZ 7 7%#K-5127F. 2014 FFi-ETICAR LD F5S MOEENL, B EUEROELOBAK
DAERICLDRAMNT EOEE L EZ DN, HRIIET LV E L TTBETNETIERYL. LirL, K-5
(F£) OEHIT FS fREETINVEIZ K DA ZBMICHR/DNETRIBERINET VOHEEEITO &, £
MB@%@N:E%LT LEW, 2014 FZELUBORFRIIET VOHEICHEEL H X TN ERb

=4, B-5 () @ X 51 PPP DEMER A (-5 (F)) @A L L TRRIIET VEHEE LT
i}ﬁ , 2014 FRPEETORNT EOEICEMT 22 T EAERL D, F72 2014 FR O

RINET L RKRERBERSHEETETCNDLZENDLND. 5A%IE, ZOFHEICIVHEESN DR
FIET N EHAWT, EEOHMIZET 58 1 HKAER \_cl:@:ET/I/T AERE L, IREA#HET L OZ2EM
MO FIEICET 2R 2 ERTLTETHH.

BHEL orosiaE Baft= orosioe S

045 —— cal  ave=0.0001m sd=0.0044m IMs=0.0044m - 045 —— cal  ave=-0.0007m std=0.0047m Ms=0.0047m
cbs Sin= 0.948mm Sin/2= 0.763mm Cos= 0.610mm y 'mm obs Sin=0.977mm Sin/2= 0.369mm Cos=-0.921mm Trémm
Tiogl= 3.880 Tlog2=104.748 Texp2=2208 Tlogl=0.000 Tlog2=26.652 Texp2=258 L@
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014 . aves+0.0000m std=0.0183m rms=0.0183m 014 . ave=0.0066m std=0.0214m rms=0.0224m i MR

$in/2=-0.501mm Cos=-10.676mm Cos/2= 1.663mm
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24 SHFAFDE=Z ) VT EMORFE

ABEIL, BEEOEEE LD VA A FOBREEEICHREL, £ ORME A E I BN#E RS
LoTE=XV 7922 LT, VFAA ROMMLEEZMT 25 2MR% T2 2 M ET
%. A 3 4EREL, HBLETE GRACE/GRACE-FO 7»b H ARSI DO VA4 A R LAz E=4%1
TI DO DRI EIT T,

GRACE/GRACE-FO %, MDA A FEOENGOBHICF L LA LEE THY, £ DORZERM
SEREEZZENENK 1 A L 300km THD. 2002 4 4 H~2017 4E 6 H £ TlE GRACE 8L %217
VY, 2018 4F 5 A LAFEIX GRACE-FO 3Ll 217> T\ 5. ABFIETIX, EmddfnB% o BBREL 60 Kk
7572 %5 GRACE/GRACE-FO Level-2 RL0O6 7 — % Z I\ T, HAFIEGD VA A NIEHZELDOE=41
v 7 %7 5. GRACE/GRACE-FO 7 — Z [ZHIBKR IR DT 0 I UHER ICE R L 7o Ek R 225
LoD, TORBEEM T ANVE Lo THRELE. £/, KO DZORFEE (C20 H) I
GRACE/GRACE-FO TIIBHEENE N En D, SLRICE > TSR E ANEZT. X-6
{2, GRACE/GRACE-FO IZ X o> CTHIMl SN/ HAREHDO A A FIFRELOREZRT. FohivA
A FRFRIZAGIE, FERRTE i/ Z3RIEIC K 0 RAEZEAL - FEIZAL « 2011 4 3L i Hi R o Hi BRI J OV Hi &
BEAEEDTEE T 4 v T 4 v T &7, ZTO/RE, WIhoMikicsnTh 1~2mm & E D
FHEIR A A REER R N, 2T IS, ALK TIIAFTORES, HE AR TIIEFORN
WS BEEEME BT 5. £z, 2011 FRALMWHIE IS S HERF X OCHER O U4 A4 FE(LE AL
nNad. MEKEORXT v IROBITEICHT B EI IS MBRBEEOL{LE KL TR, MEZDZ
E MR EITEICHERIS ORI Z KL TWD EEXbND. TRENOHEROIEE 10
FEROREY A A FELEIX, dbiEE TK 3mm, HILTH 6mm, BIE TH Smm, B TH 2mm, Ju
MNTH Ilmm TH o 7=.

(a) timiE (BE141E. REIE) (b) it (RE141E, BE3IE) (c) B8R (fBEE140FE. #REL36FE)

-—- Fitting curve
— n+Co+Po
T GRACE stack60 DDKS (G135km)

F GRACE stack60 DDK8 (G135km)

i

Geoid change (mm)
Geoid change (mm)
Geoid change (mm)

2002.5 2005.0 20075 2010.0 2012.5 2015.0 20175 2020.0 2002.5 2005.0 2007.5 2010.0 2012.5 2015.0 2017.5 2020.0 2002.5 2005.0 2007.5 2010.0 20125 2015.0 2017.5 2020.0

(d) B (fEEE135E, #BEL35ED) (e) A (IREL131E, MAE33E)

——- Fitting curve 61 ___ Fitting
64 = Ln+Co+Po I

¥ GRACE stack60 DDKa (G135km)

Geoid change (mm}
Geoid change (mm)

-4
20025 2005.0 2007.5 2010.0 20125 20150 2017.5 2020.0 2002.5 20050 2007.5 2010.0 2012.5 2015.0 2017.5 2020.0

X-6 ZEHEHABFE GRACE/GRACE-FO I[C&»THAISNBARZHD A (4 FERZELOE. ThZh, (a)
LBEREE1ME, BEAE) OELE@BEE141E, BE39E), CBEEGRE 140 &, BE 36 F),
(REFERE 135, BE IS E), )AMEBE 131 E, BE 3B E), OP44(4 FEMEMELERT. FD
WHRIE, BF - FHEL-2011 FREVMHMBOMEHRUOMEBERELEZRT. LRI KEEL - 2011
EREAMEBOMEHRUMEERELERT.
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GRACE/GRACE-FO 76 ¥ A A RE{L K PENEAEZFE T D720 D7 1 75 L% Python 535 TH
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R RFIGE R B REREAZIR L. AR LT 77 00, EEREROEBE L D P4 4 FORR
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BT 270023 EHE L TENTE S,
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DFEYT — 21, BB E JAXA OO EICESEXEE SN, ALOS-2 DFEY T —Z O
FEIZ JAXA ITHh 5.
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