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W3l (22 38 26 %) A<<1 TECu 1 TECu<<A<<2 TECu 2 TECu=<<A<C3 TECu A>3 TECu
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3 1d 2d 3d BifH 3 1d 2d 3d ¥ {H
XIAA 2.59/1.32  4.11/2.55  1.83/1.39  2.84/1.75 XIAM 5.35/4.31  11.45/9.64 8.73/4.58  8.51/6.18
SHAO 4.44/448  6.10/5.34  2.00/1.97  4.18/3.93 ZHNZ 3.10/1.82  3.83/2.18  1.74/1.34  2.89/1.78
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URUM  1.59/2.14  3.22/3.70  2.00/2.56  2.27/2.80 | TASH 2.26/2.23  3.29/3.19  2.70/2.51  2.75/2.64
WUSH  1.61/2.16  2.66/3.22  2.08/2.68  2.12/2.69 | CHUN 1.67/1.38  3.01/2.71  1.88/1.50  2.19/1.86
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XIAG 5.05/4.90  10.9/5.83  6.93/5.08  7.63/5.27 BJSH 1.65/1.19  2.14/1.45 1.63/0.83  1.81/1.16
YANC 2.11/1.26  2.7/1.61  1.61/0.96  2.14/1.28 DXIN 1.66/1.11  2.62/1.44  1.98/1.19  2.09/1.25

He e/ FoR A RMSE/ i #E 4 5 RMSE



544 B 12

RUSE e A - 3 BRI DX Sk 8 )22 B v 7 0 9 R TP 2 1761

45°N
37.5°N
30°N

| +LHAS

22.5°N
17.5°N

(@) FREREEIR H76K)

(@) MOEBON R 176T%)

() FRERERHTTR)

-, .
+LHAS SHAO

XIAG
B

(&) BUEBREFEMHTTR)

75°E 8°E 95°E 105°E 115°E 125°E 75°E 85°E 95°E 105°E 115°E 125°E 75°E 85°E  95°E  105°E 115°E 125°E RMS]]S/IE(‘u

XIAA

+WUHN §H AO

XIAG
B

+KMIN 8
oﬁ

7(70) SR AEARH 78 K) 6
4

2

aron 0

(0 B (EFEFIHT8R)

5 SEH DR 16 S0k 3 d B4l (6 RMSE 43 i
Fig.5 Three-Day Forecast RMSE Distribution of 16 Stations in the Experimental Region

3 EFGIMBIVTEC ik

GIM J& B %2 B 0 (Center for Orbit De-
termination in Europe, CODE) il i 1€ Bt IGS 43
A3 1E ARG LN A9 150 4~ GPS ML 3 A X0 0 %%
P, R FH 15 B BRIE oA BP0 A 1038 1 4 BRVE B
FL BRI GZORE TR BE 6% A 0 s R 4 3R L A
BZE R GIM B0HE 19 25 (8] 43 B R O 2.5° X 5°
(LhRE X & JE)  if ] 3 B3y 2 h, — KL 44 13
MR AR A B 2 MR . S O AR, AR SO UL A
% W 8 1 00:00~22: 00 [A] B& 8 2 h, & K 3124
VTEC 55 48 BLFE A 77 51 (AR FLUH 1 38 5 82
SEYS B0 o A ST g DB R — B, B R 75
E~125°E(Ja]jf 10°) \17.5°N~45°N (] ff7 7.5°) , 3k
30 A% W s, 40 0 R ARIMA 5 i 485 4% k£
3 d i .

FIF§2.2 /5 36 % 30 4~ 4% ¥ 45, 1 1 080 4~ i

A 1 5% 25 FE AT G2 1143 B, 45 30 SRR AR R kg A5
R CEE BE O 9550 1 % 25 IX 8] 43 B Ry (3.01+
9.23) TECuMi(1.81+8.36) TECu, £ 34T
S XA 304 I A5 1 3 d TR (A 1 RMSE %
A, B AN 5 W s A0, ek 5 A 1) RMSE #4708 T
JRABE AL L ST X P A% A% I B R A RMSE
S3A ULIEL 6, SR S T S8 X ARIMA Je H
U A T RMSE (19 4 A f5 0l . 5 A B s
6 45 S AR AL, TR a2 A RMSE f5c KU {E H Bl AE
TR S 2 H A9 B AR 26 3 X 3, TS 70 A 2 X 38 A
TR 25 W AT 3k 14 TECu =47, il i A5 0 [ A% T
253 TECu; EWIRAISE 1 H 545 3 H , iR iy
TR AR H A 2 H AR, B H A9 RMSE I
FEAA G {0 L 6 b R LA L X s ke H g A AR
X H N T IXCEGE N B RMSE. R, 2l
AR TR A R AR R B AR 5 T T R V TEC B 5 1o 4
PR, LR S 56 XS LA R A 3 M

®3 FRALSGETXHRXEARMSEH{E/TECu
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£ 3
o i
75°E 85°E 95°E 105°E 115°E 125°E

45°N 2.08/1.60 1.95/1.38 1.64/1.27 1.50/1.18 2.02/1.18 1.80/1.32
37.5°N 2.64/2.19 2.49/2.22 2.00/1.91 2.28/1.76 2.22/1.73 2.15/1.66
30°N 3.95/3.68 3.12/4.42 3.78/4.45 5.45/4.03 3.64/3.88 4.45/3.34
22.5°N 6.35/5.64 8.64/6.76 10.02/8.56 9.81/7.95 8.89/6.89 7.57/6.13
17.5°N 5.63/5.27 8.03/5.21 8.99/6.89 5.80/5.08 5.60/4.83 5.29/4.79
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Short-term Prediction and Applicability Analysis of Regional Ionospheric
Total Electron Content in Active Period

LIU Lilong'? CHEN Yutian'? LI Junyu'? TIAN Xiangyu'? HE Chaoshuang '’
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Abstract: In the solar active period, the earth’s magnetic field is easily affected by the high energy parti-
cles of the solar wind, which makes the total electron content of the ionosphere abnormally disturbed, and
its non-stationary and nonlinear characteristics are obviously enhanced compared to the calm period. Using
the measured data from multiple stations in the 2011 region and the GIM (global ionosphere model) published
by the IGS (International GNSS Service) to perform point-by-point modeling, the db4 wavelet basis is used
to decompose the sample sequence, and the time series model is used to forecast each component and fore-
cast. Each component is reconstructed so that the ARIMA (auto regressive integrated moving average)
model can be improved. The prediction accuracy and applicability of the improved model are evaluated by
analyzing the residual ratio of the ARIMA model and the improved model and the distribution of the root
mean square error in the experimental region. The results show that the residual error of the improved model
and the root mean square error in the experimental area are reduced compared with the ARIMA model, and
the improved model can greatly weaken the peak value of the root mean square error in the area.

Key words: VTEC forecast; geomagnetic index; wavelet decomposition; time series; short-term pre-

diction ; regional ionospheric
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