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Abstract By using Total Electron Content (TEC) at Wuhan station (30.5°N, 114.4°E), sunspot
numbers and geomagnetic index from 1997 to 2007, some typical characters such as diurnal variation,
seasonal variation, and semiannual variation, correlation with solar activity were analyzed. A case
study was made on the responses and possible mechanism of ionosphere TEC to the magnetic storm
during 13—17 April 2006. Analysis results show that diurnal variation exists constantly in high and
low solar activity. Some features like semiannual anomaly and winter anomaly in TEC had been
reported, but changed with solar activity. The correlation coefficient for yearly sunspot number with
TEC is 0.9611. TEC correlates with the geomagnetic AE well. The response of TEC to geomagnetic

storm may be caused by penetrating electric fields and neutral winds. and the specific mechanism
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needed to be analyzed in the future.

29

Key words Ionospheric TEC, Semiannual anomaly, Winter anomaly, Geomagnetic storm

all

0 3l

HEEHETRE LSS (TEC) ERREEER
BHEMHEESE, AR EEYELIRRRTES
HEEA. THTIEEM., SMEBRNHLES
BRI R IEIE U, R B AR L SR AR SR 17 5 A
BEHEEEL

bEE B EEHENFEN R RANTEUN TEC
WRIERE, A1% TEC BAFEN IR &
RN, R T —S2REAL. Flm Aitchison®
1 Weekesl®! 7EMRI% BB B st e mAEE, B
BEEROS B R BB HHWARGT, B
KEHETIEGERNENEER TEC AR
Gulyaevaldl FIF 1981 4EF 1986 4789 WL HHE
¥ TEC 22k Ay b7 B 12815 1 8 5 R B LA B st G 4
FEMEE, MET — M ESHEWH R ER
Chen % Ul MR EBEEMNELE M KHETAE
$A (1980—1990 4F) BYSLM TEC ¥okt, REAK 2 F
By TR XM TEC LR, Mao % 16 F
P28 IEA R EE T R X TEC A
FER2EER. Yol SH A XHESHHSE (2000)
IGS #£itHy 28R TEC $iE, @l E M R AR L,
S TAXREERE TEC AEMLEFIH SR
fE. Meng % 8 F B P ILYE GPS WMIEKE. BF

FT ISR EE TEC MKHES). tmisfE, #
H. FEMEFBMRE.

AR IS 1997 461 A 1 H & 2007 4 12
H 31 HAyEEZE TEC ¥, frR B R TEC AH
Ak, AL . AR LA B KTl R B e [ S AL R
1E, FHRIT T RE A 7= A AL

1 BFEEBER AR

FTA TEC $(3E0 199745 1 A 1 H % 2007 4 12
A 31 HRIXEEEMME (30.5°N, 114.4°E) TEC
YL, IR/ N — AN, HEME G H 48 MR
RT-HGE]. KHBFE (SSN) FPERH T NOAA
B Space Weather Predict Center (SWPC). #i#4 AE,
SYM-H. Dst 839 BIRIET H A YR H O L%
s, TEHERE ACE TLE.

2 gRGHThe

2.1 HEE TEC BHEMASFNEL

Bl 1 AT 2 LA 5 DU R TEC
FERFHTE SRR (2000 4F) FIEAF (2006 4F) $RZFETT
T8 H ARG UL, SR AR T HUTRY, GG T
BFETX A TEC E. RNV TFALERPRSHKX,

T

summer
—— equinox
60 L —+— winter

TEC/TECU

month

04:00 08:00

12:00 16:00 20:00

Local Time (LT)

TEC/TECU 20 40 60 80

100 120 140 160 180

B 1 KMENEESH TEC @ FR
Fig.1 Daily TEC variations in high solar activity



30

Chin. J. Space Sci.  FRA$%| 2013, 33(1)

T
summer

—— equinox
—+— winter

TEC/TECU

month

00:00 04:00 08:00

12:00 16:00 20:00

Local Time (LT)

TEC/TECU 10 20

30 40 50 60

B2 KEENRFELEEH TEC BARER

Fig.2 Daily TEC variations in low solar activity

XEKHEMN 58 AENES: 3,4,9,10 AfERE
FREE; 1, 2,11, 12 AERAFE B 1 ME 2 TS
S3AA 2000 4EFT 2006 FE24FR TEC HARLE.

ME 1 FE 2 TJRLEH, TREKHESE
BRME, R HER TEC HEFMAKRE H L
{LAFAE, BI7[E] TEC Z4LT-4%, t/MEHBIAEH
BT 05:00LT—06:00 LT, F/5 TEC BERe i, Kl
HEAESE 13:00LT—15:00LT, AKX ESHKE
H7 )5 18:00LT—20:00LT A4 % IR 4B KE,
B H % /S B %, X TR Ed TR 4 FiRiER
HALBEE X A LM, F X E EALIKShH R M B3 5
WS, KHESRE AR, E%2 TEC HAF
iR B2 REck, KHESEFH TEC HEKE
Hh/MEZ ZRKFRHESMLE.

MNE 1 FIE 2 AR S, RIUEHEERE TEC
FEEFAEY BT ERE, TARFEFTRE
55, (BIKRFTE, RANERKFBUEKX, EEL
FAMED, BRERERE O EHKE KAHE
S EAEREMREH X, A KHES =L e
EARBIR®E, AXKELST E BRAEET 40
FEBRSRBRBEE Ex B E#5[RARERBY
& RERR 0. MEKXESE, KHEHEBES
EEEHBX, RERTREEFRERE 2R
B 5 S M B SR N AR5, T DU (E4L T 3RiE
SR s X R dul, sEgE TEC B EF X
EERFERXTREFHLERTALR. H5h mFEL

ZHXH TEC EHEBXTHEZE TEC {E, WHHFE
LEREAR KRG, BEBREIRT ZHGE
RSh, EZBF R ERER. £ERE &
AR BRI BIK B 1 K B B2 A A AR R
B BRI B PR SRR T, KB N, 2
FHRREEERF B EMEFEAL [O/No] 1K,
INTT L B R R, BRI TP U i L R 2
ZAER, G LM FRERICEFHUIRE, N, JIFELK O
B, N4 ZE [O/No} FHE, BERMA M, $3H
A% TEC ATEFENAFEREHAS 1. Fehs
EED, ERHENRE, PERENLEREFL
A Bst B) 8 LU AE S AR AR £, 2006 £ 42 TEC {H{XIE
IE4 11:00LT—13:00LT K TFEFEH, LAREHE
B 1B 32 B K FH I 3 3R 55 0 S .
2.2 HEE TEC ¥F%Hi

R T RIS B E R TEC AL AT
AR A, MR EE TEC $EE#TH Y, RE
o — MR ES E W T ERL, FrB%RmE 3
Fim. WE 3 LB, ¥R TEC E—FTEH
ML, BHEETE 3 AIKA 10 A4, FAAE
7 ATAA 12 AR, Bk EIEE R R
B TEC o REAR/MER H B H 4 2 H $ER ¥
MNREI—AAEARE, XTREHERRIEE.
B ESES BN KB5S R &
JELEY.



BHRFF £ 23 KMEHAANSEEE TEC 4 frpdr

2.3 SXxMEiEzivExct

HEZE TEC W LFIEZBIKMED) 11 FF
WRARIVER. B 4 Al 82 1997—2007 FEKIHE
FHMR X TEC HIEAER. HE 4 7
W 1997—2000 4EKFH B FHOFFE R, KFH 30
58R; 2000—2001 E2 % 23 KHESEMRASE, K
G B IEH TG ER: 2002—2006 4F K FH 3B T H0E # 8
b, KIE S ZHERS. 46’ 4(b) Braf s
H¥ TEC & rTLIEH, TEC 5 KM BT

44

42

40 73 ‘\

: / W

71 S \

214 1
/
30

28 e
SIRE6E 1T 8y 9 10 I1- 12
month

TEC/TECU

B3 1997—2007 FERIHEEE TEC HEAb Lk
(RECHILME, FLH 30 K 3H1H)
Fig.3 Variation curves of mean TEC at Wuhan station
from 1997 to 2007 (dot line denotes observed value, solid

line denotes 30 days moving average)

31

Z [IFFTE R B IEAEOCHE, 5 R B AR KR & 34k
BRY ARG, HEEKMTEIRKFERBFERHFL
BB AE. B ER S RHE TS TEC H¥E
WIFESE RECK 0.79, i WA KB #RE, TEC TE
s HEE K& SR R 55 T AL Y.

B 5 i T KHBFRETHEM TEC 7
PHER—Br RIS R, WA 5 FrTA H, K
BAH5 TEC ¥ EMXENRLT, @it HEs
HAHRREOCH 0.9611. ¥ TEC FEHHESKHETH
FEHEE—TCEES T, BRI Y = 0.3468X +
14.8669, AR EE TEC B 1S 3158 i 1 hn.
2.4 HER TEC X&KL

B 6 NEFETFKIKHA ACE TEM B M
Y% B. IMF 4+ B,. KHRXEE., BTHEE. #
B AE $5%(. SYM-H #58%(. Dst 550 Rk &
B2 TEC #8XfF A FEMEL, HEXH

N — N
dNppe = —LBC 7 JTTEC,m

x 100%. 1
Nrecm ’ L

AH, Nrec H4BTERME, Nrec,m FRHT 30 X
A

M Dst $e¥UERFTUH B AN, BBRFHITE
KHEFE 414 H 14 H 00:00UT—14:00UT, Dst 5%
7E 10:00UT A% &/ ME —111nT, AE $8EIRIE A
BUEAM B K, BREAF] 1817nT, B, S H7E 13
HIZII R AT 12 H, 34E 14 B 00:00UT At #i%%

NN
S W
o

150 |

sunspot number

50 F | auliget aam B
ow'-’w/

| 1

100 ‘ ;Q{H%k;//\J

T T T T

Ll (uRAEE K

1997

i
1998 1999
150 T \

2000 2001 2002
T T T

2003 2004 2005 2006 2007

100

TEC/TECU

W
(=]

0

1 1

ERER )

1 L

1997 1998

1 | l
1999 2000 2001 2002 2003 2004

2005 2006 2007
year

A4 1997—2007 EXMRFHE B A RRNE H TEC LM% (M8 RMIE, 4N 81 RiB3HHE)
Fig.4 Variation curves of sunspot number and daily TEC at Wuhan station during 1997—2007 (dot line denotes

observed value, solid line denotes 81 days moving average)



32

60
S5t ¥=0.3468 .Y +14.8669 *

TEC /TECU

0 20 40 60 80 100 120
sunspot number

Bl 5 1997—2007 K MHEB-FHFEHHEMRI TEC
PERMEYE (B RRENHE ERAMEER)
Fig.5 Correlation for yearly sunspot number and TEC
at Wuhan station during 1997—2007 (the asterisk
denotes the yearly mean value and the line

denotes fitted result)

Chin. J. Space Sci. % REAF ¥4 2013, 33(1)

HEFEE 14 H 14:00UT BAA. MIKHERE R
M RAEFHE. dNtee 75 14 H 12:30UT 53[5
K 153.61%. W Dst HAEHBME 250, %J5 B. H
MM R FERHE 12h. BANEEEF] dNrec TE 15
H 13:00UT &%) 55— 133.63%. FHIEFIK
ERZ EHEES %

IMF B, M8, BEEGRBEE M. Xt
WA AE I$EMBRE. WIHEBEGSRER
FRG&BE, 14 HEERERBAE, 2K H XKL
THX, 8¥AXAE LZRK B FER M, K3
TRIE M SR HETR, T S B GE e IX (] S 6 Ty [l
B B R RWIEMAYE). FE, 14:00UT—16:00UT,
IMF B, dti#is G kg e, (B AF H5058
TR R WRTRDUH X b TR, P RERPLER R
Bo R A EE R PR MK, J7m a7, 7 R E

40 T T T

B/nT 20 - 4
20 W'vr-lr - ey

B./nT 0 %ﬁ%ﬁ‘“‘««

vp/(kms=1) 500 WM

Mofen MMN ﬁ
| fl il o " gt

AE/nT

SYM-H/nT 0 W
-100 N

Dst/nT OW ~
-100 B

2 | 1 T 1 1 T 1 T
dNtec/ NTEC m o M/\MJ\W

time/d

B 6 2006 4% 4 A 13—17 AITERFBSE. BLESREMANs, TEC
Fig.6 Interplanetary environment parameters, geomagnetic index and TEC at

Wuhan station during 13—17 April 2006



WP F 23 kmEHNAKARLLEE TEC Kirsdr

X 7= A 1] TR, [RAT, ] E AR R ] R g
HREEES N2 fl 0, REBHFEPRGHEK,
YA REOCRIE N, B R 1. 15 HIE
1#E 14 HILFEAFR—EZ], IMF B, 4 TR [E#
SRS, HEE AR BEHKIBA, TREMILH 5 14
HAL. Bob, 3 AE 388R dNrec $50ELL, 7T
IEE], dNtec X AE 185U 1R 57 B R 1.

FIUFERN TS 199741 B 1 HE 20074812 A 31
HH &2 TEC $iE, KRB TFH . s aHEes,
BT 5B 23 RIS TEC #E HARL, T3
Ak, AR b LA B SR R S B YA R SR, 3F
L2006 45 4 A 13—17 B R A=mmE g a0, iHe TR
Wk TEC Mg 80w N A K FTsERpLE, BT
2.

(1) RIS BEEE TEC A XMESIBEMKE
¥ 2 4R JE H AR LRFIE, E1R4F TEC HIE/E B
o D= SN OB 8

2) HR¥EEREHAEREARAD, HiFLt
o B[R] AR B 5 KPR {E 3R 89 4%, R TEC &
HAA L AF A R .

(3) Nk HRE, TEC TERMEEKMH
EDH R TAKE, 1997—2007 K BFH
5 TEC S EMCYERE, HXREEIE 0.9611.

(4) TEC 31T ERRREY B M BIE6 LA R AE,
Dst, SYM-H 155U B HIFmE, HENT AE
TEBHIR E W REARAT, X FTRE B A TRER & A BTREZ
S s P RUAL R VR B A, B LB
T E TR,

Bl RARE TEC ¥or i RIUKZE R

SE

(1] Yu You, Wan Weixing, Liu Libo, et al. A global iono-
spheric TEC perturbation index [J]. Chin. J. Geophys.,
2009, 52(9):2189-2194. In Chinese (Kft, JIE, XLk,
%. 2FRUHE TEC BARBHESAT [J]. shERYIE 2, 2009,
52(9):2189-2194)

[2] Aitchison G J, Weekes K. Some deductions of ionospheric

33

information from the observations of emissions from satel-
lite 1957 a2-I: The theory of the analysis[J]. J. Atmos.
Terr. Phys., 1959, 14(3/4):236-243

[3] Weekes K. The ionosphere and the radio emission from
the satellites [J]. Proc. Royal Soc. London. Math. Phys.
Sci.: Ser. A, 1958, 248(1252):77-80

[4] Gulyaeva T L. Regional analytical model of ionospheric
total electron content: monthly mean and standard devi-
ation [J]. Radio Sci., 1999, 34(6):1507-1512

[5] Chen Yanhong, Wan Weixing, Liu Libo, et al. A sta-
tistical TEC model based on the observation at Wuhan
ionospheric observatory [J]. Chin. J. Space Sci., 2002,
22(1):27-35. In Chinese (Ff#ifr, FIE, XIl, % =
FIB 4R, 2002, 22(1):27-35)

(6] Mao Tian, Wan Weixing, Liu Libo, et al. An EOF- based

empirical model of TEC over Wuhan [J]. Chin. J. Geo-

phys., 2005, 48(4):751-758. In Chinese (£H, F IR, X

SLE. AR EXREMEREE FRELSENERE

R [J]. #hERIE IR, 2005, 48(4):751-758)

Yu Tao, Wan Weixing, Liu Libo, et al. Using IGS data

to analyse the global TEC annual and semiannual varia-

tion [J]. Chin. J. Geophys., 2006, 49(4):943-949. In Chi-

nese (&%, N ILE, X3, % FA IGS FiR 28 TEC

BRI SER R ER LR [J). BRI, 2006, 49(4):943-

949)

(8] Meng Yang, An Jiachun, Wang Zemin, et al. Research

[7

on characteristic of TEC at Antarctic Zhongshan station
based on GPS[J]. J. Geod. Geodyn., 2010, 30(1):43-47.
In Chinese (&, #FE, TEK, ¥ £TF GPS Wiy
Wi EE TEC FRERTR [J]. KAl B 5#mRsh A%, 2010,
30(1):43-47)

Shweta Mukherjee, Shivalika Sarkar, Purohit P K, et al.

Seasonal variation of total electron content at crest of

[9

equatorial anomaly station during low solar activity con-
dition [J]. Adv. Space Res., 2010, 46:291-295

[10] Wu C C, Fry C D, Liu J Y, et al. Annual TEC variation
in the equatorial anomaly region during solar minimum:
September 1996 — August 1997 [J]. J Atmos. Terr. Phys.,
2004, 66(3/4):199-207

[11] Krankowsky D, Kasprzak W T, Nier A O. Mass spectro-
metric studies of the composition of the lower thermo-
sphere during summer 1967 [J]. J. Geophys. Res., 1968,
73(23):7291-7306

[12] Zhu Zhengping, Ning Baigi, Wan Weixing, Zhao Bigiang,
Wang Min. An investigation of ionospheric responses dur-
ing the magnetic storm of 13—17 April 2006 at Western
Pacitic arca [J]). Chin. J. Geophys., 2007, 50(4):957-9G8.
In Chinese (RIEY-, THFT, T L&, B8, TH. 2006 £ 4
A 13—17 XX R R 5 [J]. MR E
232007, 50(4):957-968)



