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FLN AE AL, 3 B 1) T AR A B2 B A TR I TR
FRY 38 o T R B AR B RS 4R FT10 dFR TR FE 2
N4 mas, $&HT90 Y TR K FE £ 820 mas, K U,
PR R% B I AR R 1 3 SO R M B 22, JC RS
A TR RO AN AR, T ok AR R B AR AL
R, FEAR L 2R IR, Uk /s 3 (least
square, LS)ZMERLRYOL i [a] 5 71 43 A A A (6] ft
LMLl BOHEEE R G0, [P A ORI
A A B E R 2 S HOR A A0 14 TS
AME. E B (AutoreGressive, AR H P
FERERY 5 T R, AL TR] B A 0 ) 4% SR HE
HARGE THISEF 7, @RI E R, FH
TR R A SR 8K, BEE A UA B E
) 2 2 BB R TR BOR BT, (B 32 3 3R i A4 M 2
PR KO 1 PR, E R e N T AR R T
. A HCERCE AR K TR PE R, 551 mEOP T
ik bb eI H (Earth Orientation Parameters Predic-
tion Comparison Campaign, EOP PCC)X} 2 Fiifi
MEIEOPHUARAE HEAT 1 70 B FIVEAN, PSS R 2
AN — MR LUX BT A EOPZ BT 2 5 2
FIEOP TS BE (S 3 4 xt i 22) #k B e A,
T3 1L B TRARORS 1] 2 % KalarusZ 12, 75 % B i
T3 LSAMERT ARRSEAY (1) 20 5 W A HS 10 TR A 2
B, RN A )z Tk, B BRHER A
2% % % & (International Earth Rotation and
Reference Systems Service, IERS) & = it Iz 55
O IJA R B BT8R A HLSHME AT ARZH & AR 8
AR AR AE.
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X, HFEX s = VUV, VA AHBE 75 A8

(3)XF F~F 2. e ) 4 B B R e Al B K
NN FPET B 7, BN EL K 43 & (reconstructed com-
ponent, RC), H 44 & 2 Fl 5 J5L 46 I 77 AH 45, i
WHIEZ = Xy, 2 ;040 M F 31153 2 () 5 4 53
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JA RN 5 LA HEI () J ) AR5 5 FH
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YO - ([y @)
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R, HA WS RN SR, A CRHEOP 14 Co4
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MR LR 3, & FE Tk R B K IRCE
TERT A TBY, SN0 B W 28 Hb g 7= i R PMXCRI
PMY %) & IRCH 76 7T ik %, #SSAHTSHHIRCHI
ZF SAE TTER R A T £ 1, PMXMPMY 7 & KR8k
RCF 41 43 5 i 2R3 T 7R, iX SERCZ 8] [ w-co-
rrelation 7M1 45 R Ul E4fT 7~ NER1AE2-30] LA
3|, PMXFPMY % & K1 RCH) A 518 71 ik 2 ¢
K, 43 0 925.43%H162.28%, Xf B #% ¥ 45 5,
2B RIS RCI A S AE BTk ALK T 1BRC, H2
FISFIRCH 7 518 DT ik R e iz i, Hodp, PMX
73 B 2B RIS R C I 37 57 {8 5Tk 2 43 51 22.79%
F121.02%, PMY 73 12 (1128 I 3B RCHY 7 57 18 1 ik
FOHIN12.09%F111.29%. ME4RT LLE 3|, PMX.
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0.9. RIESSAJFEIH, 751 rp A71E S — FA IS ST,
SSAN o) fR A5 B — X 28 AH S I RFIEAE, BRI Y
P AN A ABRC T8 1 FH 5% R BOK T — 52 (1 B E (i
W RF0.8), WIHWE TR — A G508 F kb
FIBMRCIE T 7 — B BAME =, 456 K2-30] DL B
X ANRCXT B AR 8 #5 3h Iil. PMX. PMY4r &



65 & R X

3 3

4R A5 RC I 75 5 A BTk 6t b ez 0, eAT]
Z B IR 2% R EOK 0.8, [FIFE AT LU W)@ T 1A —
FIHME S, IR EZET. PMXAPMY 7> 26/
PLJE IRCHI %3 548 51 Wk 2 A5 X B, 2% LT,

(a) PMX

o
o

N
[

o
o

o
W

Logarithm of eigenvalue contribution ratio

o
=)

20 40 60 80 100
Order of reconstruction components

S

B R, TTRRA N, X LERCR I HE S IR
i, WA A TTSMIRCIBA: B 2, AR
PEAERIME 5. BI2-3rh 45 S RCHIIR & 7 51
b5 2R 1 B Hh 1) 7 S (0 DT k=R X B AR AE

PMY
.g 5.0 (b) .
=
=
2
=
=2 25
E
=]
=]
o
Q
=
= 0.0
>
f=|
9]
on
ks
Gy
.25
=)
=
g
an
550 : : : :
0 20 40 60 80 100

Order of reconstruction components

B 1 RCHZFTFETTERE /A

Fig.1 Distribution of the eigenvalue contribution ratio of the RC
() RC (c)RC
100 (a) Observed PMX 120 1 200 2
2 150 2 2 100
\E 0 g 60 E 0
g B K
A -150 ~ & .100
- 0 0
2004 2006 2008 2010 2012 2014 2004 2006 2008 2010 2012 2014 2004 2006 2008 2010 2012 2014
Year Year Year
(d) RC3 (e)RC 4 (f) RC 5
100 30 50
2 50 ] 15 @ 25
£ £ £
0 L 0 0
Q Q @]
& 50 K5 25
0 -30
2004 2006 2008 2010 2012 2014 2004 2006 2008 2010 2012 2014 2004 2006 2008 2010 2012 2014
Year Year Year
(2) RC6 (h) RC7 (i) RC8
10 10 10
g 3 g 3 g 0
g g g
\\c 0 \,\ 0 \w
O @) @) -10
o~ 5 S (=4

-10
2004 2006 2008 2010 2012 2014
Year

0
2004 2006 2008 2010 2012 2014

0
2004 2006 2008 2010 2012 2014

Year Year

K2 WBEPMX4r8#2003-01-01—2014-12-31%E F 51 K RTSHHMRC

Fig.2 First eight order RC of the PMX component time-series of polar motion between Jan 1, 2003 and Dec 31, 2014
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Fig.3 First eight order RC of the PMY component time-series of polar motion between Jan 1, 2003 and Dec 31, 2014
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F 1 SSARISM BT FETEKE
Table 1 Contribution ratio of the first eight

order eigenvalue with SSA

RC PMX (%) PMY (%)
1 25.43 62.28
2 22.79 12.09
3 21.02 11.29
4 7.57 4.18
5 6.83 3.65
6 1.66 1.06
7 1.34 0.63
8 0.91 0.38

% BRI HTSHRCH 7y 7 A8 vt Bk R B H s T
(SIS =, WOk ATS I RCE M B N J5 44 R 7% MK 400
o, TR T AR ROL A B 0 e A RO R% e S 2H o

W E5-6r~. A EI5-67] LA 21, K ATsFRCE N
Jei KE) S B R AR 2H 73 5 SR Gn A 7% e 21 4+ & 43R
I, BEARRAH 7 e i R IR B2 17 51 1) AR AR
% FRRC N B R A = S5 2H 7 R I N
IS WIURHE| 53 e R b i e 1D RS 51 DS 2071 e i
R L REAT TR A AR # A AT 2H 73 A R a2
FF A R IRIR G S 5, I P 5L AR 4 (Fast
Fourier Transform, FFT)X} # # (K4 2H 7 F1 i 46
WA 7 B3 AT At A, a5 R AE 5625 .
KI5-67] LU 2, JE IR % Fr 31 MUK AR ZH 75 Hh #6
9438 AR RS B E S A E AN 365 ) JE AR
BEE S, RYNRSH S ARG E 558
GIF B E); DA B R it v DU IR, B T i 5
FIrh R ERAE DR S A R RS T, Py iE
ARG RN 21500 dff) 4 R AE 5 10200,
IR M A BRI, SSATT I REA AR I M 7y 5 AN 4
HURR A% 17 471 Hh (R ARG A9 EH 53 F s i 7
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Fig.5 Observed time-series, high- and low-frequency components of the X component of polar motion and their frequency

spectrum. (a) Observed time-series; (b) High- and low-frequency components; (¢) Frequency spectrum of observed time-series;

(d) Frequency spectrum of low-frequency components.
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(a) Observed PMY (b) Low- and high-frequency components
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Fig.6 Observed time-series, high- and low-frequency components of the Y component of polar motion and their frequency

spectrum. (a) Observed time-series; (b) High- and low-frequency components; (c¢) Frequency spectrum of observed time-series;

(d) Frequency spectrum of low-frequency components.
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Fig.7 Flowchart of polar motion prediction based on the SSA
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A SCH H A5 i AE B 12 #E I (Akaike’s Information
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(a) AE of PMX prediction by LS+AR (b) AE of PMY prediction by LS+AR
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Fig.8 AE of the prediction of the LS+AR and SSA+LS+AR models
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Table 2 Statistics of the MAE (in unit of mas) for the LS+AR and SSA+LS+AR models under
different prediction lengths

Mean absolute error/ mas
w

T, AEPMY 7> E M HHR R I T PMX &, &
TR KR AEPMY 73 2 I Bt U 1tk S i, 4,

A% TR 45 KA BB A2 — R AR,

#* 2 LS+ARFISSA+LSH+AREBIEREMIREE EHWMAE (mas)

Prediction length/d LS+AR SSA+LS+AR  Improved percentage
PMX PMY PMX PMY PMX PMY

1 0.26 0.21 0.26 0.21 0.00% 0.00%

5 1.64 1.18 1.58 1.13 3.66% 4.24%
10 3.23 2.15 3.03 1.99 6.19% 7.44%
30 8.17 6.29 6.53 538  20.07% 14.47%
60 15.73 14.00 11.15 10.76 29.07% 23.14%
90 20.83 20.86 13.98 16.09 32.89% 22.87%
120 22.77 24.06 15.74 1890 30.87% 21.45%
180 24.59 25.75 17.07 20.40 30.58% 20.78%
240 2791 2794 20.75 22.04 25.65% 21.12%
300 26.53 28.95 20.61 23.70 22.31% 18.13%
365 25.83 28.75 19.03 24.17 26.34% 15.93%
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Fig.9 MAE of the prediction of the SSA4+LS+AR model and IERS Bulletin A
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(c) Medium- and long-term prediction error of PMX
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Improvement in the Medium- and Long-term Prediction
Accuracy of Polar Motion Using Singular Spectrum Analysis

ZHAO Dan-ning!  LEI Yu? QIAO Hai-hua®

(1 School of Electrical and Electronic Engineering, Baoji University of Arts and Sciences, Baoji 721016)
(2 School of Computer Science and Technology, Xi’an University of Posts and Telecommunications, Xi’an 710121)
(8 National Time Service Center, Chinese Academy of Sciences, Xi’an 710600)

AsstracT Polar motion cannot be determined in real time owing to the delay caused by data transfer
and heavy computation procedures. Polar motion predictions are therefore required for many real-time
applications and geodynamics study. Polar motion with respect to the axis of the terrestrial reference
system is not constant in time but changes due to external forces and internal processes. This paper
proposes a hybrid method to improve polar motion prediction based on singular spectrum analysis (SSA).
In this method, the SSA is employed to separate and extract the low- and high-frequency components
of polar motion. Next, the least square (LS) extrapolation and autoregressive (AR) models are applied
to model and predict the extracted low- and high-frequency components, respectively. The subsequent
predictions of the low- and high-frequency components are summed to obtain the predicted values of
polar motion. The singular spectrum analysis of the polar motion time-series shows that the low- and
high-frequency components can be accurately extracted from the original time-series of polar motion by
the SSA technology. Further, the prediction results illustrate that the proposed SSA-based combined
model can substantially improve the medium- and long-term predictions of polar motion out 30 days
in the future. In comparison with the polar motion predictions from the Bulletin A published by the
International Earth Rotation and Reference Systems Service (IERS), the highest improvements found for
PMX in the prime meridian direction and PMY in the west 90° meridian direction are 45.97% and 62.44%
up to 365 days in the future, respectively. It is concluded that the SSA is a potential method to enhance
medium- and long-term predictions of polar motion.

Key words astrometry: reference systems, Earth rotation: polar motion, methods: data analysis
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