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#  ZE.H A GAMIT/GLOBK 10. 7 3£ BB 25 70 A~ GPS 35 20112016 4 4 Z 45 & A 4xat 18] 5 50 . AR 4 F it
S (SSA) Fo s o)y Z SR 4k o AR 25 & 3 A7 3b ik EAE T, R AF S R S &b = sk 5 A7 45 #H A & SONEL 3k ik & ¢
Yo, BRI LA BN A B MAERT M. BREF EREA TGP REFHMIYH DT 0.45 mm/yr, KT
FRRANDZRESATEIFE LN E—RRE LBELT APk F A FH w5 SONEL sbig E -+ 3 2480 T
0.6 mm/yr, SF WM E BT KR-F 7@, B KR E AL 20 mm/yr 09k E @ Wb 5 @i g ;& H 5 &, b4 45°
DB MR 2 FRAAS, BRI, RREHE A NT 5 mm/yr, b5 45" M 2 L 44, B LAk ERM
GGG R, FEARE GRS IR ik E % 20 mm/yr,

ERF T FESOM R MR E R ES ;AR EAE AL (GPS)
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GPS station velocity estimation and crustal movement analysis in Europe
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Abstract: High-precision coordinate time series of about 70 global positioning system (GPS) stations in Europe from
2011 to 2016 was first obtained by using GAMIT/GLOBKI10. 7. The station velocity was then estimated by using
singular spectrum analysis (SSA) and least square fitting. The estimated results were compared with the estimated
value of least square spectrum analysis and the station velocity published by SONEL. On this basis, the law of
European crustal movement was finally analyzed. The results show that the average value of mean square error in
velocity estimation is less than 0.45 mm/yr, which is better than conventional least square spectral analysis,
indicating that the method can avoid the influence of period and noise term to a certain extent. The mean difference
of the station velocity from that published by SONEL is below 0.6 mm/yr, and the consistence is good. In
horizontal direction, most of the European stations are moving northwest at a speed of about 20 mm/yr. In the
vertical direction, the European stations south of 45°N latitude presents a downward movement trend and the
movement velocity is largely below 5 mm/yr. However, the movement of European stations north of 45°N latitude
presents largely an upward trend and the rising velocity increases with the increase of the latitude. The rising velocity
of some regions near the Arctic Circle reaches 20 mm/yr.
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FARM . B F2EREN R4 (global positioning system, GPS) A% T H Al 23 18] W8I0 157 A FLAT A L A X )
R JEE R ORI (5 A A A R R R T AR R T B L Iz 0 X T AR B A L AR A
B b R =t A8 52 AL RS W I LA B UK 0 [ A A S AT O R T AR A

Altamimi 25 Fi) FH 22 b 23 8] #0545 R, &8 57 5 B i 3k 2 % HE 22 (international terrestrial reference
frame, ITRF)ITRF2008 Fl 42 BR AR IZ SRR . [ 27 350 R T GPS WL B2k 4 57 o [ 3t 52 3 5l
B i AR MR . Grenerczy 281 ) F GPS 038R 43 #7 Bk M Hb 52 12 3 L4, Santamaria-Gomez
SEHIT R A ER GPS Wk 1 3k T L O R A 5 TR AR M L HEA T U ST T 440 6 AR AL R IO

SOy A M 5 C s Sl R 00 AR S AR B R B Al R . R R E 42 K E 17 R 48 (global naviga-
tion satellite system, GNSS) %4 4b BB — R F e 51 22 B0 K S B 007 ik AT b ol i A 3. Ak
B IS 8] PP 51 23 B A 2R T i /s 3R 3% o A 400 1P ol R L SR P R R ABA AR A T Ak S ] 4 A B AL
GRH S GPS AR AR IR 8 2 DR R R R R BERIL I A R P R S R R AR S M AR R ) 5 o
AN A 4 1 Bt AL ASE TR T 5 B0 3 S 0 A R A T o A T A A B[R] 81 40 BT AN T 4

#3515 53 BT (singular spectrum analysis, SSAYU RN —FBUF 5 5 A0 BEEE A 70 UM 2 I k20 il
P ARG AT I . 36 408 TR SSA S B 1A X FE T 000 A5 Hh b A 0 R AR BRI, AR
SEI R SSA ST TS0 Hb R A A MR L R BT R S SR SRR SSA AT T HLBZ B
L BI04 A0 A5 R T SSA 4T S 6 U F 1T A8 Ak I L KRS IAS T R AP AR . Zhou TR £
W A T 1% 53 1 (multi-channel singular spectrum analysis, MSSA) 438 T GPS Ak Fr B} [a] B 51 g e 45 15
250035 T GPS AR AR IR ] F7 510K B2 0 ik B2 Al 11k 2

A FEHE AT 5 1% 0 A AR/ SR UL G A 2 5 1 5k A 0 E L Sl ) T T S 43 A 8 A b i ()
GG IS FEAT 3 8RR AL dR /D SR U5 AR R & U T GPS sl T, B J5 X GPS il B2 Ak 145 2R it
TG BE T o 3 BT RRCUN b X b 52 328 B AR .

1 BEKRFTE

1.1 GPS ##E
DI b X 24 70 AT 3k 1 GPS i > 107 20 308
it B http://www. sonel. org™? 700
AL CRAER Ny 30 s, N E] 5 E N 6
H(2011—2016), sSAran i 1 Frs .
1.2 GPS i 4 32 2 Bt 6 /7 51 T3
A3 Tk ol
GAMIT/GLOBK10.7 3 % fi#
SR A R FE PR GNSS ik 45
20 21 (International GNSS Service,
1GS) e 28 5 o e 5900 T8 % ks vl A4
B2 o, TR R B R A 10°, 0
DU R AETR] B Ry 30 s, >R I TCHL
BIZH G (LC HE) . R Saasta-
moinen F & K VMF1 B 5 R %5,
WS- 22 1 i TTREF2008 HEZE T A2 &
(9 1GS il VS B 55 0 R dRe /N 24 -
;Ejjitﬂfﬁ?ﬁ@%o -10° 0° 10° 20° 30°
A bR IR ] JP 47) Ak B T B T4 1 i A A
T ML 22 5030 S0 3k A ke G A0 b 4 Fig. 1 GPS site distribution
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XoF A R B[] S HEAT LA s A3 A% A o 22 Oy B 0E A7 M 25 0 RO R S B . R SSA I R R & k2K %)
P A AR AR 1 R 22 BN 0. 01 mm,
1.3 WEEMITAE
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M X e
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2 HiEREmMER

2.1 GPS ¥ ERE R E F 5 a2

GAMIT R MER EEE 1 s, A2 503E 40 3 89 47 14 ¥ 75 22 (normalized root mean square,
NRMS ) ¥ T 0. 19 AAXAF BEF B AE 10 . GLOBK PP 2285 BE AN 2 FiroR , 1 22 4% A6 b 43 2 G
FESE BT 4. 3 mm FRifE2ZE LT 4.5 mm A5 /D E00 5 By T 08I0 BR8N BRAR, AR ARORG B em 9L FE S
SEAICHE Kb BRI L 22 A B o el B R a0 A R R iR B R n] R R B b e 0B sl R A Ao O BRI X s
2011-—2016 £E L H fif A byt [E] Fp 51 (TTRE2008 HEZR) 442 1.2 55 rpor 22 50 B A ok 2 H0 408 4 (8 D7 125 0 47 4
PR PR IE A AR (] 7y 1) 0 R P 0 o8 A

Fx1 E&BESIT Fx2 MEEBESIT
Tab. 1 Baseline precision statistics m Tab. 2 Precision statistics of network adjustment ~ m
St L NRMS Geit X Y z
-
i SN -1 0.024 1 0.018 2 0.021 4
N 7.87X10° 0.189 BAE
/M 0.000 7 0.000 5 0.000 9
e /ME 4.53X10°1° 0.174
* 7 V- 0.004 3 0.003 7 0.004 3
Il 4.62X10°° 0.183 KR 0.004 5 0.003 6 0.003 9

2.2 whEET
2.2.1  AeFREF[E] P S SSA 4B

K SSA J5 ik (1.3.1 95 43 Bt GPS A ARt (] 75 51 o B 5 0 B ) o DA S5 36 5040 v 38 BB A4S s 1 U
6] (4 53 BT 25 SR R AT P JE s, WP 2 B 3 T . SSA 43t I 1 454 T AL B 43422 BERRAE (B 1 BTk R K /MK IR
HEF] L GPS A R[] 5 1 o R AE (B BT R 238 Hh R 3 /0 by e 400 JE A T, 2 A7 8] J00 R R R 00, HLBR T 8 # I Z
b, H A T A H S S AEAE . T 2 R 3, (o) [ R, (b) (o[B8 Sh R4 TR I3, (dD Ce) [ R 2k
A JE I, LA S S
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Fig. 2 HONS station results of SSA and least squares fitting in U direction
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Fig. 3 VIKC station results of SSA and least squares fitting in U direction

2.2.2 uhiE /D IR BLA

FIFH SSA HEH R I, % 1.3.2 bR O3 T GPS 35 1 B RS B GeiH 245 B 3% 3 B . 45 5 1]
FEAG T o 32 22 P B E R T 0. 45 mm/yr o 158 B 3l 020 TR B2 A RB S WG 2 b oe IS B IR R I EE SR . R
FH /N i 43 A 5 Al T 1 GPS il iR 22 G0 H 85 SR N2 4 Pron . WA 7 Al 11 GPS 3l o B 22
Giit gk 5 frR. B3R 3~5 Al UL, SSA Rl /NI A AHEE A 10 J7 I AG T GPS 0 B 0RE B AL Je /b —
T A3 AT 5 75 UL JE R FH SSA K B[] ) 51 1) i 3T R A7 43 15 T AL, BN R A AT /D TR LA, — R
bt L PR L SO R ipa aiih A T

%3 SSA LA B/NT T B A £ hiR 2 Gt 4 BN IS A R 2 gt
Tab. 3 Statistical result of mean square error of station Tab. 4 Statistical result of mean square error of station
velocity based on SSA and least squares fitting velocity based on least squares spectral analysis

mm/yr mm/yr
it N J5 [w) E J5 [ U J7 fa] et N J5 1] E J5 1] U J7 [
RRME 2.23 2.32 2.61 e KA 2.45 2.51 2.89
e /ME 0.02 0.01 0.08 I /ME 0.06 0.05 0.10
A 0.08 0.12 0.45 S 0.10 0.15 0.49
T v 22 0.35 0.41 0.49 o 2 0.38 0.49 0.54

SONEL A iy GPS 3l JiE 2% 228 Jy ITRF2008, fiF-3 11 41 GPS £ Al 7145 i Chetp: //www.
sonel.org) . K HAE S FEATH L A5 R AN 6 s, Al UL A YAl T B 3 38 8 R SONEL 38 1 19 22 {H 5L
AN ZEAEIFIE /N T 0.6 mm/yr ARHEZE LT 1 mm/yr. SMRPRG BE B4 o

L5 LTIk IR SSA s/ — AU A A ZE A B J7 15 A T A6 ol 3 38 2 T A A o JHG o e R A 4 2R AT U]
THLTEIE ST .
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x5 ETSSAFZEESRN_FRESTNLEEEZESIT x6 AAXRMEITMINEELS SONEL & E W EES T
Tab. 5 Statistical result of station velocity difference Tab. 6 Statistical result of difference between station
between SSA method and least squares spectral analysis velocity in this paper and SONEL velocity
mm/yr mm/yr
et N 5[] E J5 U J5 1] Geit N 75 [] E J5 Ii] U Jr il
R K AH 0.94 0.91 1.05 e R AH 1.13 1.78 2.04
e /IME —0.89 —0.95 —0.99 e /ME —1.38 —1.65 —1.98
SE A 0.24 0.25 0.48 -4 0.34 0.31 0.56
R 22 0.51 0.52 0.75 by 22 0.83 0.78 0.98

2.3 WFEIEFNSN

I 2.2 55 GPS ol B2 Al 25 2% e A7 RO X I 5 iz sh AR A Jr A i &1 4 FE S T LAE L 3 K
B N WO S 43 b X LA K 29 20 mm/yr (9 38R 1] P9 b 5 )32 Bl H S A XSk is 3 3R mE N T
A X, B EZ 3, dbgh 45° LLpg i B L X 52 R [ 1932 3l s 3, B K8 43 1 X 52 3l i B 7
5 mm/yr LR 564 45°DAAC I 2 E T, LG E 45 B 0 3 o b T RE e A AR O i b A B ) S
MDY b SR 2GR 20 mm/yr 8 i A AR B Y b DX 52 B KOS [l 5 S e Bk O . b T R S K A
3459 3 1Y BRI b XK SF FIE E st i s M A 45 R 5 Altamimi % | Grenerczy %Y . Santamaria-
Gomez %" [ B 78 45 AW &

4 B 3 X Kk i A

Fig. 4 Horizontal velocity in the European Region
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Fig. 5 Vertical velocity in the European Region
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