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Abstract Ionospheric TEC is an important parameter for space weather research, monitoring and
forecasting. This paper introduces the ionospheric TEC disturbance index (DI) that is the relative
deviation of the vertical TEC. By investigating the DI data at Qingdao and other five GPS
observations in China the value of DI™>0. 35 (DI<{—0. 30) has been selected as the criterion of
positive (negative) ionospheric TEC disturbed state, and the ionospheric TEC storm event is
identified when the DI values satisfy above criterion in six consecutive hours or more. Statistical
analysis of the TEC storm events has shown that the section between sunset and midnight is the
occurrence peak period of the TEC storm. The average duration is about 10. 9 h (10.5 h) for the
positive (negative) ionospheric TEC storm. For the positive storm, the occurrence is higher in
winter and lower in summer. For the negative storm, the occurrence is highest in summer. The

ionosphere at GUAN (lies in the ionospheric equatorial anomaly crest) and HLAR (a high-mid
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latitude station) are more disturbed than BJSH (a typical mid latitude station). And the positive

TEC storm event is dominant in low latitudes. It is shown that about 70% of TEC storm events

accompany with the geomagnetic disturbances. But the ionospheric TEC storms are not entirely

caused by the geomagnetic disturbances, and the intense weather events and other local

environmental factors may also play important roles in the ionospheric TEC disturbances.
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Table 1 Geographic coordinate of GPS sites and observations
W35 24 FR 36 A i HR A A B B A A B
H 5 QDAO 36.1°N, 120.4°E 1999-05—2006-04 212608 4~
HEE N HLAR 49.3°N, 119. 7°E 2004-01—2004-12 34524 4
Jb & BJSH 40, 2°N, 116. 2°E 2004-01-—2004-12 34175 4~
X WHJF 30.5°N, 114.5°E 2004-01—2004-12 34408 4~
I N GUAN 23.2°N, 113.3°E 2004-01-—-2004-12 31726 4~
7K 2% YONG 16.8°N, 112. 3°E 2004-01-—2004-12 33775 4~
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Fig. 1 Percentage of DI at Qingdao site during
May 1999 to April 2006
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Fig. 2 Daily variations of the upper and lower 5%
values of DI at Qingdao site

(a) The upper 5% values and (b) the lower 5% values.
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Table 2 Daily variations of the upper and lower 5%

values of DI at Qingdao site in different seasons

E5%H Ton fE

UT/h

00—01 0. 40 0.32 0. 35 —0.23 —0.28 —0.24
01—02 0. 40 0.30 0.31 —0.25 —0.28 —0.23
02—03 0. 37 0.28 0.28 —0.25 —0.29 —0.22
03—04 0. 33 0.29 0. 26 —0.26 —0.29 —0.23
04-—05 0.33 0.29 0. 27 —0.23 —0.30 —0.24
05—06 0. 34 0.31 0. 30 —0.23 —0.31 —0.25
06—07 0.33 0.31 0.32 —0.24 —0.31 —0.27
07—08 0. 34 0.32 0.32 —0.26 —0.30 —0.31
08—09 0.39 0.32 0.33 —0.30 —0.30 —0.32
09—10 0.43 0.32 0. 36 —0.33 —0.30 —0.34
10—11 0. 45 0.31 0. 39 —0.37 —0.30 —0.35
11—12 0. 46 0.32 0.41 —0.40 —0.31 —0.34
12—13 0. 45 0.32 0.45 —0.38 —0.31 —0.34
13—14 0. 45 0. 38 0.42 —0.39 —0.33 —0.34
14—15 0.42 0.39 0.39 —0.34 —0.34 —0.33
15—16 0.42 0.41 0.41 —0.31 —0.34 —0.32
16—17 0.42 0.39 0. 38 —0.29 —0.33 —0.30
17—18 0. 38 0. 37 0. 36 —0.28 —0.31 —0.29
18—19 0. 35 0.39 0.41 —0.27 —0.29 —0.29
19—20 0. 36 0.42 0.38 —0.29 —0.33 —0.30
20—21 0.41 0. 40 0.41 —0.32 —0.33 —0.34
21—22 0.47 0.33 0. 40 —0.35 —0.26 —0.31
22—23 0. 39 0.32 0.33 —0.28 —0.27 —0.23
23—24 0. 35 0.31 0.33 —0.24 —0.28 —0.24
- H 0. 39 0.34 0. 36 —0.29 —0.30 —0.29
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Table 3 Percentage of DI at Qingdao site in main distributed intervals

DI (—0.25,0.30] (—0.30,0.35] (—0.35,0.40] < —0.30 > 0.35
1999—2006 84.4 89. 6 93.0 4.8 5.7
2000-—2001 84.2 89.2 92.3 5.7 5.2
2004—2005 85.5 90. 7 94.0 3.6 5.8

F4 FRAGEIHEBEDIEHEIEREAEILLSH(N)
Table 4 Percentage of DI at five sites of different latitude in main distributed intervals
DI (—0.25,0.30] (—0.30,0.35] (—0.35,0.40] < —0.30 > 0.35
HLAR 85.0 89.4 92.2 6.1 4.5
BJSH 90. 6 94.8 96. 9 2.1 3.2
WHJF 87.0 92.0 95.0 3.3 4.7
GUAN 83.4 89.5 93.2 4.1 6.4
YONG 88.9 93.1 95.8 2.9 4.1
S 4 f 87.0 91.8 94. 6 3.7 1.6
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Fig. 3 Occurrence time of ionospheric TEC

storm events at Qingdao site
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Table 5 Duration and occurrence season of ionospheric TEC storm events at Qingdao site
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Fig. 4 lonospheric TEC storm events at five sites

of different latitude in 2004
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Table 6 Relativity between ionospheric TEC storm and

geomagnetic storm at Qingdao site
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