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Autocorrelation Method for Interpolation of
Ionospheric Characteristic Parameters

FENG Jing LIU Wen JIAO Peinan FAN Junmei

(National Key Laboratory of Electromagnetic Environment, China Research Institute of

Radiowave Propagation, Qingdao 266107)

Abstract The autocorrelation method considers the ionospheric characteristic of interest as a
realization of a random process, modeled as the sum of a periodical component and a random
Gaussian process, assuming stationarity during the period of interest. Then the process is defined
by its autocorrelation function. Based on the autocorrelation analysis theory, a proper steady
ionospheric parameter is uesd and the corresponding autocorrelation model which is positive definite
is also established in this paper. On this basis, an interpolation method for ionospheric missing data
is presented. This method improves the interpolation accuracy of the method given by Muhtarov
and Kutiev in 1999. It generally decreases the error by 1~2 percent, and even by nearly nine percent
sometimes. Therefore it largely advances the effect of interpolation for ionospheric historical missing
data. Furthermore, the variation rules of the interpolation error along with seasons, solar activites
and latitudes are analysed.
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Table 1  Relative errors of zpr interpolation methods respectively using pi(7) and p2(7)
in February 1990 from Changchun (%)
BT A K FE /b
1 2 3 4 5 6 7 8 9 10 12 14 16 18 20 22 24
p1(7) 11.2 115 11.7 11.8 119 119 119 119 11.9 120 12.0 12.0 12.0 12.0 12.0 12.0 12.0
p2(7) 9.0 9.5 9.9 10.1 104 10.6 10.7 10.8 11.0 11.1 11.2 11.3 11.3 114 11.5 11.5 11.5
foF2 WifE 113 116 11.8 11.9 11.9 11.9 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0
2 N 1996 F 12 B foF, BREREE o1 (1) B pa(r) 8 cor BIEESFHEBZE (%)
Table 2 Relative errors of zpr interpolation methods respectively using pi(7) and p2(7)
in December 1996 from Lanzhou (%)
FEAY i K FE /h
1 2 3 4 5 6 7 8 9 10 12 14 16 18 20 22 24
p1(7) 10.2 10.3 10.5 10.6 10.7 10.7 10.8 109 11.0 11.1 11.2 11.2 11.3 11.3 114 114 114
p2(7) 10.0 10.2 103 10.3 104 10.5 10.6 10.7 10.8 11.0 11.0 11.1 11.1 112 11.3 11.3 11.3
foF» WM 117 119 119 119 119 11.9 11.9 119 119 119 12.0 12.0 120 12.0 12.0 12.0 12.0
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Table 4 Relative error of zpr interpolation method in October 1996 from Beijing
Tifl K FE /h
ik K EE/

1 2 3 4 5 6 7 8

9 10 12 14 16 18 20 22 24

zpr i 88 94 98 99 10.1
foFo #fif§ 107 114 117 119 120 120 121

10.2 103 104 10.5 10.5 10.6 10.7 10.8 10.8 10.8 10.8 10.9
12.1 12,1 12,1 122 122 122 122 122 122 122

% 5 dJb=ih 2000 F 10 B 2pr EERNHEMIRE

Table 5 Relative error of zpr interpolation method in October 2000 from Beijing

. flifHKRE/h
Ji ik %/

1 2 3 4 5 6 7 8 9 10 12 14 16 18 20 22 24
zpp HifE 54 61 68 74 78 80 81 83 83 84 86 87 88 88 89 89 89
foFo ffifi 78 89 94 97 98 99 100 101 10.1 10.1 102 10.2 10.2 10.2 10.2 10.2 10.3
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% 6 1§05 1996 £ 10 A zpr FHEHEIRE
Table 6 Relative error of zpr interpolation method in October 1996 from Haikou
. fifH K FE/h
)J'YL‘ %FIT x/
1 2 3 4 5 6 7 8 9 10 12 14 16 18 20 22 24
zpp HMifH 124 14.8 16.6 17.8 186 19.2 19.7 20.2 20.6 21.1 21.8 224 228 232 234 23.6 238
foFo Wi 212 225 238 245 249 251 253 254 255 256 257 258 259 26.0 26.0 26.1 26.1
%7 B0k 2000 F 10 A z2pr HEMEIIRE
Table 7 Relative error of zpr interpolation method in October 2000 from Haikou
. fifH K FE/h
)J'YL‘ %FIT x/
1 2 3 4 5 6 7 8 9 10 12 14 16 18 20 22 24
zpr flifH 8.1 9.6 10.7 11.5 12.0 124 127 13.0 13.1 13.2 134 13.5 13.6 13.7 13.8 13.8 13.9
foFo 4fif§ 12.8 14.6 15.5 159 16.1 16.3 16.4 164 16.5 16.6 16.6 16.7 16.7 16.8 16.8 16.8 16.9
x 8 K&HFI folr B 2or HEMBYARIZE (EF191E, B{4I 0.1 MHz)
Table 8 Root mean square errors of zpr interpolation method for the hourly values of
foF> from Changchun (yearly average, unit: 0.1 MHz)
P v FAE K BE /h A
1 2 3 4 5 6 7 8 9 10 12 14 16 18 20 22 24 i
1990 zpr WifH 5.7 6.0 62 64 65 66 68 68 69 70 71 72 73 73 74 74 74 8.1
1990 foF» ffifi 62 66 70 71 73 74 74 75 76 76 76 7.0 7.7 77 77 7.7 7.7 81
1996  zpp #ifi 3.9 4.1 43 44 45 46 46 4.6 4.6 4.7 47 47 47 48 48 4.8 48 49
1996  foF» fifi 4.1 45 4.6 4.7 4.8 48 49 49 49 49 49 49 49 49 49 50 50 4.9
£ 9 BOW fuF: BB zor BEMHMARIRE (FFHE, £ 0.1 MHz)
Table 9 Root mean square errors of zpr interpolation method for the hourly values of fyF»
from Haikou (yearly average, unit: 0.1MHz)
i v K BE /h A i
1 2 3 4 5 6 7 8 9 10 12 14 16 18 20 22 24 i
1990 zpp HdifH 9.3 10.6 11.4 11.9 12.3 12.7 129 13.1 13.3 13.4 13.6 13.7 13.8 13.9 14.0 14.0 14.0 144
1990 foF3» ifi 9.6 109 11.7 12.3 12.6 13.0 13.2 13.3 13.5 13.6 13.9 14.0 14.1 14.2 14.2 14.2 14.2 144
1996 zpp ffifH 6.5 7.7 85 89 92 95 96 98 99 10.0 10.1 10.2 10.2 10.3 10.3 10.3 10.3 10.6
1996 foFo #fifi 7.4 87 93 9.6 9.8 9.9 9.9 10.0 10.0 10.1 10.2 10.3 10.4 10.4 10.4 10.4 10.4 10.6
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