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EHRE ARG HER, M T R TE AR R R X R BE R NI A £5 R, BT H
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1800 LT #BUMEB] T & i F & 25, (B niEE{LY 0.5—1TECU. £&%4K, hTh
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OK FE VR BREAR 22 391 0 1) 3R 25 ) 2 PR B B AR 5, FErh i SR SME TR X 3R
HBBRERAETERS, EREERRTEREEM, LM ERRIR.
XERBORERRIRRY, TR, RAPRRH, BB RHREISN & 2R G
FA R (SITEC) & M-I\ 20 #h4g 60 G FF 4R, A& ML F Bext b B 2 A0
WERERNREAT T T HZ MIBESE,  Mitra, Davis X #8545l B0 )2 R AL BEAT T R G IR S
CLL R R, AREEEERRNE SRR AR BT EEGINAE X, H
BEAHF SRR AR THEE F XBFHEMEER 610 K
I, BEREBETEEMNERACKIOERYEBER F KRN EN AT EEE
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GPS Kt BA B E. WE4M, BIEREANERS, BATRA GPS JiEEax®
FhER B EP AT THRST (12, 1996 1 1998 4F Ho %FIFH 45K GPS Al (IGS) 9 GPS ¢
$ X 6 RG] g A BR vl B ELR AR HEAT TS, WME) T R 2R NE A2
TEC fyEibiasy 13004, Saito ZFIH H 4B P A% A i) GPS MLIUEHR, BFR 7 —
KRS B A B 7E F B R b P AR R B AT 190, BANAIF R HTE GPS & uhi#mRT 1997
411 A 6 BFI 2000 4E 7 F 14 BRSBTS BB ERAST TBI% BT Afraimovich
s TR GPS 54T R B SRR B S W I AR 8L, g, HAhSeE AR k&
TS GPS FHHRE R 2 TEC SHTHIMEE E, HE, KRN YIHEEZ
PLEh 5 BRI AE o)z,

FEL B S0 R (R MR IRE 438 S S 5 ) LU R I A B T A A1 180 0 . B 2 i A B L,
ST F— LK OBBEE RIS, EEXHENABIAT LA, 2001 44 5, KB#E
KT ER X RBMER, ZIEF 2R GPS BiB oMk s, JAHIE 200144 7 15 H
1336 UT 4% f— IR PR RE 3|2 i H0 B 22N AE A BA TR ST 1 8, R G bt X R B 438 2 1 )
fry 6] H T R S R A BEAT WA BT 5T

2 M55

SRR X BT A SAHE Y X14.4, RE1% 54 9415 KRIERIK=ER, FH
i B % 20°S, 85°W, SR KNP A%, BBEEOTF#h, AL RIS HL 1336 UT,
1349 UT, 1535 UT. WMEBEMI I AL ES K, SRR — KA AMERE. b TR
VEBEXT 1 I B2 AT, S FEH) GPS U0 EREHIR 4T 0600 LT | 1800LT 2 [A]
19 1GS RGEH GPS A IHVIIAIE. # 10388 A MR AL B SHRRRERIE £ R0
B B8 (I T 1 E A TSR 34 G 3). XL & SE B L B R Y
GPS SUREHIHL, —RE 30 i Hi P MFUE 10 0h RE DL BRI BOAR (WU 8. P i 4
AL B T LSRR B R R HR B LA P T R 2 LA, 7 IE N TR 0 o
A T & B 0,02 TECU (1 TECU= 10%°/m?) LI

F 1 GPS SHinitESYMEBRAEE&RERMEA N
Table 1 GPS sites’ parameters

Sitename Longitude/(°) Latidute/(°) LT || Sitename Longitude/(°) Latidute/(°) LT
amc?2 255.4754 38.8031 0653 Ipgs 302.07 —34.91 0964
ankr 32.7586 39.8875 1568 mad2 355.7503 40.4292 1322
aoml 279.8378 25.7347 0816 masl 344.3667 27.7637 1246
areq 288.1756 —16.782 0871 mate 16.7045 40.6491 1461
artu 58.5605 56.4298 1740 mawl 62.8707 —67.6048 1769
bahr 50.6081 26.2091 1687 mdvo 37.2236 56.0275 1598
borl 17.0668 52.1002 1464 mets 24.6953 60.2175 1515
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Sitename Longitude/(°) Latidute/(°} LT | Sitename Longitude/(°) Latidute/(°) LT
braz 312.1222 —15.9474 1031 nico 33.3964 35.1409 1573
brus 4.3592 50.7978 1379 nklg 9.6698 0.3523 1414
bucu 26.1257 44.4639 1524 nlib 268.4251 41.7716 0739
cagl 8.9728 39.1359 1410 nyal 11.8653 78.9296 1429
cord 295.5300 -31.7102 0920 pdel 334.3372 37.7477 1179
dubo 264.1338 50.2588 0711 penc 19.2815 47.7896 1478
flin 258.0220 54.7256 0670 reyk 338.0445 64.1388 1204
fort 321.5744 —3.8774 1094 riog 292.25 —-53.79 0898
gala 269.6964 —0.7426 0748 riop 281.348 —1.651 0826
glsv 30.4967 50.3642 1553 sant 289.3314 —33.1503 0879
gode 283.1732 39.0217 0838 sch2 293.1674 54.8321 0904
goug 350.1333 —40.3488 1284 seyl 55.4794 —4.6737 1720
gras 6.9204 43.7547 1396 sofi 23.3947 42.5561 1506
harb 27.7075 —25.8869 1535 stjo 307.1889 47.5952 0998
hers 0.3362 50.8673 1352 syog 39.5837 —69.007 1614
hrao 27.6870 —25.8901 1535 thul 291.212 76.5373 0891
jama 283.2191 17.939 0838 trol 18.9396 69.6627 1476
kely 309.0550 66.9873 1010 wes2 288.506 42.6130 0873
kit3 66.8800 39.14 1796 wtzr 12.8789 49.1442 1436
kour 307.1940 5.2522 0998 zeck 41.5651 43.2884 1627

H T A S0 i R MERE ) R 852 TEC AR AL, 7E3H 8 TEC I A %8 GPS
REMBAERIRE. hTRBHRK N B2 REAAEE L5, N7 HRIE TEC &
(i ERSE, ZEA TEC W [RAS (L th AR B BT A B BB IR T A ERBh R 2. 5o
sh, ZEFF TEC B EIZE{k 4R 3RE R BT A R RN, MR THTHREEEZRMA™E
(¥ TEC Z{L1E.

3 HRSaoM

3.1 WEBERAEIA) TEC BfjE 2L M 2%

1% 6 4 GPS SRR TEC i AL liER, 5 E KA i UK R
SRR BN RS $dE K TEC 4R, BE LRI HNE AR
H, GuiaR RS ES. Hh, B 1a), (b) AFAAHRTUA BN G uEE
I TEC RS (LEER. AR R I, SRR g TH R Y SITEC )
%, Y7 1344 UT B TEC M TTHAR AN N, £94E 1352 UT I TEC i5EE K, fEiX 8min
feA MR A, ek TEC #2924 2.6 TECU. 54, M TEC RYMZEALHIERA, XK
VEBOXT B B SR B M AE — AN B L. 55 1997 47 11 ] 6 HA 2000 45 7 A 14 H HGHEDEAR
o, BARXUOBBER B A X SR STEREAGS, A TEC BR AN T IR K.
Matsoukas “ER 5 H!, BRIl X ST4R AR RHARYEREZ TEC MBI
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—HE, BRHENEEERTEE, PRy, JUHEKFER H A BH#X TEC ¥
IMEA — i P8 X RBBE R B f B A 85°W M, AbTORBAMFE AL, AR A E
BOA TR OESE, Bz B 2 /N TRTR R SRR, 75h, RTRR
HRERAEEE TEC ¥mp FERRE L KIMES, TEC MEXHED H mfs BRI
FRORE VR BT A )L 2 [B) SR MR ST I S OK B B AL E AR, MOXA 45 R AT LUMERT, T
T =S LI B BB X S B AR SMES AR IF AR ZEMR, T SERH H i
frEAR. TR X S5 SME AT RAL /2 KB LR R, 8K X St et
XA H X, miEsMaSE— AR A SEIRIEEE L, XM RIMEN BT
PEALE KR A 5 RS EAMER R EA K. RTX— AR LEEITRAN
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B 1 #EBEHIE 6 1 GPS &b SRR I B 2 TEC [ 12544 th 4
Fig.1 Temporal TEC variation curves derived from GPS data observed
at six different GPS station during the flare

B 1(c), (d) A~ FEXBBRER KT 0600 LT I 1800 LT Fif3E RSN b BB R HLy TEC
TEARA 2. PRI, BMEZE KPR TRA R S L, BB B R AR
WA, ZEBRMER R BT BN 0.5—1 TECU. fE KR TMH 90° HE# A
MR, VEBURR AT DA R BHT R B X Pk sy, % 185 P B DX SR 1 e M A 4
MRA - ERME). HI, 7ESKHERTUA O FAME SITEC A th 24T,
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B 1(e), (f) AEBBRKBRFHEHX CPS &b MEIRRINN B R LB T/
AL 2. HTRGEAYIEGHEER, GPS F54% HILRA BRI A
R, BRI —XE GPS IR T MWEPALIEER, TEC BRMBHAEIEER
T TR SR BEE TEC 88, Hit, M TEC IfEAeih i 2k - 1R 5 Bt
BEXTEE R, XU T g X R R INER GPS MR mME A T RMAE
S S .

3.2 TEC RS KAXMANXFR

M TEC Inf [a1 32 4k, il 28 °T AR BB BEE ST SRR B B TEC 18, WRERAN
XRHERE 5 LI B A TEC 388240 2.6 TECU. MBS TEC & 7E M B i A R HIH
RAREN, THEE TEC HEH A NGHINMOKHRTAER BH2al THEAYR
TEC i} )84k it S 32K TEC 42 -5 R BEAR A )& i ZRARX ML R B 22 T AR Y
KIARTAZEKRFR. BHFTLEZIER A RN, KRR, BRI
f2Hs TEC BIEEK, X— S HEERNREE N E]R. 20 4 70 SR, FRRKR
HAALEER 19 4N A B R BB R PORHE IR R B2 TEC HYfn&, Mendillo % U1 43
7 7 HBS 2 TEC MBS KPR TA KX R, HRBEEMIISAREIRE Z R 2
HI%, FATA A XS4 &% 955 8570 A8 LR R R DA K. RIS AT Ty
B, BAIPEATHY 2000 4E 7 B 14 HOKHRBLHAE B RN BT thin il T LB R AR
TEC B S KHRIAKKER.
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Fig.2 The comparison of the TEC enhancement and the corresponding solar zenith angles

at the IPPs during the flare. The straight line is its fitting line of the corresponding data

3.3 TEC REZE5 &

A& SHIREL TEC W80 f27T DL k4 TEC RRA LR, B 3 IR
BB R & 3 i) TEC HMASER, WERTTUEE], £ TEC i RAEREHE
TEC W AL AR R, L4975 1346 UT BFKFIBAME, ERAMEHHLRFL T 4min
Eh, REFHETH, 27 1356 UT IREFILLATHCRE. ERERNE, BRMEE
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Fig.3 The rate of change of TEC derived from the observations at two GPS sites

(The profiles have been offset vertically for presentation purposes and

dTEC/dt dTEC/dt

ATEC/dt

dTEC/dt

the number near each curve means the satellite PRN number)
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Fig.4 The comparison of the rate of change of TEC derived from the observations by different

satellite-receiver-pairs over a large spatial coverage during the flare on Apr. 15, 2001
and the X-ray flux observed by the GOES and Yohkoh satellites
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TEC W18 (LR Mk b IR T M PE R I 0 R /N R R BEEEh,  $E3h iug s 14 43 51
7 1347 UT, 1348 UT, 1349 UT 1 1354 UT Bffix, B 3 4~/DNEshnt e R EHEAE 1 min /2
H, BE— i MR ELE 2min 224, B 1348 UT MLshig B A, 4 0.1 TECU
L k. Bz kX /N )R] RS A 1 F R E, R ATRE R B B s it
R, NS ORBE R AR R A . kR R T R, AR ER TR
KHRTR T, TR AL S i A R R E . X e A B B AR 4
AT LUK LA R I AR A 6 5 R B AR 5 A By ol T 2 SR B R P BN R L. 5
— T, BEME RS HEE P A A LB K B R A S KR S E T e, B X 4T
2. FEVRBERE R WAE, —RBOAAOKHESMESS, B X G4, DIR BRI BEAST R R AR
SR AT 1240025]. Mendillo % £85%)— IR A ERERH IR O FEL S 2 TEC i [E) 384k 3% 5 35 GHaz
ST RITILR, RAME BV DM 4 40 7RBEE TEC B B4k
RE5 KA X 544 (GOES, 0.1—0.8nm) Fli# X H &R 5EF (Yohkoh, 53—93keV)
A, ShA TR DRSNS tRER . WETRLES], B2 TEC KRR
S X SHRAEEHERR G AR, ESE X STERMSEHARLE, WUX N E R )
S5 X HAES TR, M X SRsEnEsMENEX AlES, A TEC mEk
PR 2R A — E RS b AT AN B A ) — e B AL

4 #e

T 2001 4E 4 A 15 H 1331 UT #A& HBRESTR A HE 54 1 GPS Rt H
B2 TEC WAL BZE 00 40T, 3575 T BB 20 M o BERR T O PR A, 25 SRR, v
REBIE A BRI T R TS RRNEH. RSB TEEHMEN 26 TECU £
4, H7E 0600 LT F1 1800 LT #EWLME] T SITEC, {Hg mid & /M5 %, {4 0.5—1TECU.
EB4HKX, hTHRERNENER, M TEC B EZS (b i 2R BUR H R A -7 1
fi. A& TDERT ALK TEC HiEH& R T A KHRTAKXATLIES, TEC
iR SKARTAFR, KHRTABA, TEC HiEH.

AT H i FL B8 2 TEC i B35 (028t 2 AT LU B, MESEHR A AR Fe B 2 O A N W] 2
ffy, 7€ 1344 UT HB 2 TEC FriaHam, 4 1346 UT [iE TEC MIMRABBA, AT
— M. 7E 1350 UT LUS TEC ¥R I thuib, 7E 1356 UT LUE, HimREAKE
SRR A ATHORA. 7E TEC MM NTF R mBI B AR A, M RE TEC MmZ
B I T 3 JKH B /BT[] R BE BB, SRS BN AR R K.
B X STAARATHE RO L, KUK X STABCE AR MBS, (AR X SHEARATE A
HEL T KBRS RS BATA A B R P HEA X R NS S5 R ] ()R X 4T
e ARSI AT OE, AT AR BB I AR B A IR AR AL A

gt R IGS L REE GPS $dE.
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ONE CASE STUDY ABOUT THE IONOSPHERIC
RESPONSE TO ONE GREAT SOLAR FLARE IN
THE SUN-LIT HEMISPHERE

ZHANG Donghe!?  SUN Zhen! LIU Siging' GONG Jiancun! XIAO Zuo?
1{Center for Space Science and Applied Research, The Chinese Academy of Sciences, Beijing 100080)
2(Department of Geophysics, Peking University)

Abstract

The characteristics of the ionospheric response to one great solar flare was stud-
ied using the total electron content derived from GPS observational stations in the
whole sun-lit hemisphere under International GPS Service for Geodynamics (IGS).
It was found that the largest enhancement of the Sudden Increase of Total Electron
Content (SITEC) during this flare is about 2.6 TECU (1 TECU= 10*¢/m?). The
effects of solar flare radiation on the ionosphere can be recognized even in the region
at 0600 LT or 1800 LT. Due to the ionospheric scintillation, the TEC enhancement
couldn’t be derived from temporal TEC variation curves in the high latitudes. On
the other hand, the synoptic picture of the sun-lit ionospheric response to the flare
was obtained and the results showed the relationship of TEC enhancements with
solar zenith angles. The larger the solar zenith angle, the smaller the TEC enhance-
ment. It was worth mentioning that even the minor fast changes in TEC during
this flare can be revealed from the changing rate of the temporal TEC variation
curves in mid- and low latitudes. These minor and global synchronous disturbances
of TEC were compared with the solar X-ray flux of this flare observed by satellites,
and a close correlation between those minor ionospheric disturbances and the hard
X-ray flux fluctuations is found.

Key words TEC, GPS, Flare
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