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ABSTRACT

By analyzing the observations from a number of ground- and space-based instruments,

including ionosonde, magnetometers, and ACE interplanetary data, we examine the

response of the ionospheric TEC over Korea during 2003 magnetic storms. We found

that the variation of vertical TEC is correlated with the southward turning of the

interplanetary magnetic field B,. It is suggested that the electric fields produced by
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the dynamo process in the high-latitude region and the prompt penetration in the low-
latitude region are responsible for TEC increases. During the June 16 event, dayside
TEC values increase more than 15%. And the ionospheric F2-layer peak height
(hmF2) was ~300km higher and the vertical ExB drift (estimated from ground-based
magnetometer equatorial electrojet delta H) showed downward drift, which may be
due to the ionospheric disturbance dynamo electric field produced by the large amount
of energy dissipation into high-latitude regions. In contrast, during November 20
event, the nightside TEC increases may be due to the prompt penetration westward
electric field. The ionospheric F2-layer peak height was below 200km and the vertical
ExB drift showed downward drift. Also, a strong correlation is observed between
enhanced vertical TEC and enhanced interplanetary electric field. It is shown that,
even though TEC increases are caused by the different processes, the electric field
disturbances in the ionosphere play an important role in the variation of TEC over

Korea.
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44 7+ 2+7] Z(interplanetary magnetic field)x} 2|7 x}7134e] 482 27|49, €@ 281 %
Foll o2 74A A ¥ E AU G =4 d 5 F, AAE AAF G £
3 @<L old 1A B2 A7 £ Hol AW AL AV W@l A A
At A2 “HFEATA 370 B d AFJBAE o3 37|98 IHE 2o Qe 7}
8% A7 FAFY shtelch EA7AL] Aol W2 TS G GE LT P4
AN G AT 27 g ARl o Mol I For B ]’% &4 7+ A 7] % (dawn-to-dusk
interplanetary electric field)o] F X5 o] A& J&2 = =8 F4 A7l AT
A8 g uet 195 A5 7 0153 Joule 7HE (Joule hea’cmg)2 539 thelur A7 FE
e Aoz ¢8R Jri(Blanc & Richmond 1980, Yizengaw et al. 2006). A= X Foj &=
IAE AN =8 BT A7) A9 s dejder 24—4'5101 A714984Qd HEE T4 A
ZIth(Sastri 1988, Kelly et al. 2003, Tsurutani et al. 2004). &, A% A2 A7FL 2 l
o] A wgF & AR (Vertical Total Electron Content, VTEC)o] Hi3 & F+ Aoz 4aA ¢
thH(Blanc & Richmond 1980).

=& 9 (polar cap)ll A= A HA B jHoz T =
FOoR ExB RF-EF0 fFEH iR Szl if
2} G FHAAYGH U2 9 AoA AfEzdon = A7A (dusk-to—dawn elec-
tric field)o] =5 =4, o] Z o] vlZ ¥ T A tho| v} 2 A 7| A (disturbance dynamo electric field) ©)
THKelley 1989). Z#H tiolym #A7|FA-E & Ao A= AZ T (westward), 3 A DoA= F
ZYF(eastward) 22 52 A Hrh tho|UR A7FL A Zelzvle] {5 W] 93
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< Fol AELF A7)F-2 oA Y3 (downward) Zep=u} E%%%%, FELE AR —?4%“:1’
FHupward) 2} FFL2F S FEs W23 AALE GFS = Ao
Fejer 1997). Yizengaw et al.(2006)-2> 539} kol 91213 GPS 9149 A4 RS aoA £
" TEC CHAMP 94 A" GPS £A7|o4 239 Set=utd U vlol8l & wind 25
AR A7)l GBI Foz AREYLS W BYE AGoz $99 Ao I3 HHY =
F tolUE A7 7] A9 AelEe TECE F7HAAtkn Tatx Yt
At7142] “shielding” o] B4 7] A AHolA 3t Adez s2x FAT A7)F o] A= e
2 A9HY, AxA A3 495 A FolHEs A7)t Wt %“3?_]"4- °]Eﬂ aaE A
‘prompt penetrated’ A7 F o)z} 3t} Aoz AsEH A/NFS & % Joule 7+
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icamarca ol H oA #53 A& A7 yA R H3E vwsidrt. 1 B3 AT 317]
252 A7 o] v5EA Masts 48 ¢ £ glod, Millstone Hill o] Bjo A 23
Z83IH v w8l g g o <& 20TECU(ITECU = 10'%l/m™2) A% 2713 AL B Ach
annucci et al.(2005)= ACE 9]/ ollA #&3 A7) yAd£3 GPS 94 A2 8E 344
TECS] #3E g 23} F W3} Alolo] 2 4BAA7 dotx 71t gdrch
wEdAME BT A7) Fol EEFoR ARHEA BYY 27 EF F
oA wzhd A7 A BAs Awx 4o Fel5 TEC WH3E AsRuz .
Al(local time) 9} #}7) 2 24 AZbo) wie)l wPdE A7)} Bt AEE LTI A Y
M= AelF TEC ¥ste) tig 477 BdaAn AW, FY= &, e 4Fe] TEC ¥
of et A= 712dA HER Aok 2PM o] AFoME FS Al &o] M3 E & £
+ hmF2 tlo|E| ¢ GPS 7|&E3 %oz Ry 4&8 A7 £33 TEC HoleE o839
s FEe AelF TEC ¥sE 2ASAE off d7oMe AgdTs dFa24e A
% 7)(lonosonde) ol X} #ZE hmF2 W o|E]& Al&3tgon), 243 TEC tlolEl: hul
of 124 £29 9712 GPS 71¥= #EAHEE 0|23 32 J A7 Y 197 2 (Regional
Ionosphere Model, RIM) & %2 E1 FA34 dole g ALSdnt dEEs AT ANF € AAF
o] W3 ACE $149AM 51 vlol8E Agsdch A7) F=x g AelFols SALE A7)
Z(zonal electric field)of] AP A o2 Fgg W £ Set=u ERLF BF2 A4 277)
52 HAELS A ATE AL ExB EFSES] d¥sls AHZRE 23T £ Ik HA
2 AR FFANZA AN AN G BEE H AE (Hequator) B3 A 5292 ‘Plasma
fountain’ W35 VEpdTH Thek Ax A Ao B BolF BE 4 H AR (Hnon—equator) Bl E1 S
#) = (AH = Hequator — Haon-cquator) AH BloJE 2R E A2l 3] ko) o3 W7} obd o A
EE2 ¥3lE AT = ok 2828 AHE AN ExXB £54 %2 Jebd 4 g th(Horvath
& Essex 2003). ©]¥ Aol sht= 9} n]d FE Aol 9l Guam(144.8°E, 13.5°N geographic;
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W3 a2 a gt o s TEC W3hE Al A of 30y, 22 227185 %
F2 ohEd 2ol Felsgrh (1) KASIS) A19A sd2Re] A4 1°x1°2 289 72 4239
VTEC & FolA 7tz (median value)2 o} 1 A 7hie] st A9 o oz A4 g
A A A A7) Astol] s Fa17) F713 vlolE g UEY AR ¥FE Foh 1ER 24
dlole el 2 d8t7] A B3 il g A28} 5 th(Takahashi & Bruce 2001); (2)
1IN 2522 AFE = A7) 85 49 DstE TEC W39} vlwstr] g 147 Hder
TEC tlole]e] 73S 3ok o] g2 DHM(a day hourly median value)2 A2} 3t} (3) (2)3
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4. 200349 69 169~202 9 WA FERY YA AAF o]ME . 1% SBRE ACE 4N
# HFE SE(Vow), HEE FHE(Pram), B4 A7 F2A([B)), B 4713 ZAE(B,), 22T
AES} Dst A4, ¢t ol 2 = Rl A #& 4 hmF2, AH, ATEC. 2 A AAZHL A BE49 29X o)
TE AYAE R HAL WAL A7 R dEGgoz AnE Az
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1% 3220039 109 $¢ VTEC W38 Uehls oz A& 2te A 473: 2ds7) A7
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olth. 2% 394 &+ AXo] ATECE 72 4dwidr} A9 AAY Aoz vepych

3. 2540
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32 B33 Utk 39 49 AZEE AR ACE 14 AM B2 HIESE(V,y), HHEE 5
% # (Pram), GSM(Geocentric Solar Magnetospheric) &% Aol A2} A7+ 2H7] 3 A) Z1(|B) &+ &
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HERE 249 AH 223 3bx 4F A9 ATEC dolelojch. 23 404 AN} A28 A}
7y A4 A5 4(hmF2, AH, ATEC)7} A A ol mhet vt A d3 9k Qo] A8n =S
e E Zlolth ACE 9143 A Akel o) A kR A2 ACE 14 91319 Bl FF £ 5§ 500km/s 2
kel ¥ 5320 FAGTE 17 49 {4 HlolE & 538 o] F 3ol x4 wlolelgt XA AT o
°JHE T HEE S+ A 3HA GAA W B, AL W2 LE P4 7)o G I
223 AAD AL B 5 gov o v W 2% 404 2 Adoz AU
FAAT A7V G EREe e M o Aol N e A7) EFo] BASATE = FA4 A7
°] ¥ UFoz ABF F¢ AE AFIL 2A FUhshe Ag B £ e, oA AR i
Hadol A E AL ovlsitt o) A7) P e s e AL A7) P A Aoz B

= 2 HE7 $gekA e Ae E 5 Atk
AR FELE P4 A7) F ol hmF2, AH 2232 ATECe @37}
69 1784~0200(UT)o AT A7) 3 o] d2utgoz Az on FAld
= (225km) 2t} 100km &7}t (A2 AR, 325km), 1020(UT)ol A
A7 gl REWFo 2 ARE FdolE hmF2 Folve 288 33} A9 wxd £ol 8 &
A3tk 649 189 1959(UT) ol FAZ 271 Fo] thA] BE 3o 2 AEE YL of hmF2 ¥ol&
4 STHALA SRS A B 5 Ytk AT A7 g o) FEHFo g ARH T hmF2 Fo|
7t 7 A€ W AH ¥3lE 243d B} ZAasts 432 BRI Jed, ol AL NBUF
thol vk 2 4 7) % (westward dynamo electric field)ol &) o298 ExB %% &% (downward ExB
drift)€ Yt 9le Aolth 69 1797 18Y hmF2% AHZ W3 g u}] TECE Z83hd ¥
th ok 15% o] S718 A2 B £ Atk 69 179 0200(UT)~0853(UT) (A 3HA]: 1100~1753(LT))
189 1959(UT)~0842(UT) (A W Al: 0459~1742(LT)) A4 #Z47H W A Go) 943+ 5 hmF2
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< A28 WA At F, o] ojHEF S FE AFo TEC Mils TY =i L3 Joule 7+E
of ofsh LA XD thoj U A7 B 9= Aoz B 4 9IrH(Yizengaw et al. 2006).
20033 11¥ 18Y Ef ¥ T =1} A= (Corona Mass Ejection, CME) o] 23k A7 217
ol dE T AHAHUA 1149 202 AFoIME 2 A7|EFo] HASPT 1Y 5+ BNFF
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£ 3M4E o5t BAATE 28 5ol BAL B T2 Y AalEol o3 JAT FE 9k A
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a ok =3 F A A7) 271+ 50Tl
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ol F3sto] A ueF TEC tlolefol Rtk 17 6olM A4 FATL A7F yA R, FAS
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