J. Astron. Space Sci. 21(4), 315-328 (2004)

200311 1092 ENYBST LR A
£, BEW, ANEH, HuE AR UES), UNS', ALU., Hys
igaEd e, 2 500%e HESA AN, RFY TR ALY
13t2 2 AAA QT Y, 5Big Bear Solar Observatory/NJIT

EFFECTS OF SOLAR ACTIVITY AND
SPACE ENVIRONMENT IN 2003 OCT.

Kyung-Seok Cho'!, Yong-Jae Moon!, Yeonhan Kim?, Sungwhan Choi’,
Roksoon Kim!? Jonguk Park2 Haedong Klm )
Mutaek le and Youngdeuk Park!®
1Korea Astronomy Observatory, Daejeon 305-348, Korea
2Dept. of Astronomy and Space Science, Chungnam University, Daejeon 305-764, Korea
3Korea Aerospace Research Institute, Daejeon 305-333, Korea
4Korea Institute of Geoscience and Mineral Resources, Daejeon 305-350, Korea
5Big Bear Solar Obsevatory/NJIT, Big Bear, CA, USA
E-mail: kscho@kao.re.kr

(Received November 11, 2004; Accepted November 25, 2004)

PR
E AgaA s 2003 10€3 1190 TS FHS el BES $5:84
9 A& A7E AU )T HFEF 2 ART SHE X F 9] 73t Edof, Ao
2 72 UE 3 92 (Coronal Mass Ejections: CMEs) @ Z2E d4 502 EYA A 4 ¢
ot 53] ol WS 140 CMESS X3 WHo g AdYsio w9 Zds A7) £3E& 2
oZch uZ HFNAH =B RAMEANA A T 25227 7] Z(Space Weather Scales) ol
et TR #E A5 E EA5T A4 ¥ 44 v A S dEch =8 22 /ULF
ok 2 2ttetoll A H=H AelE A X8F3(Total Electron Contents: TEC), 222}, A%
o] F2 QAIRgS, a3 okl g A4 139 A=AEE EAReEA 283U 224
g AEd7], AA4AR, FHEA T nA e dFS A

ABSTRACT

In this paper, we present a good example of extreme solar and geomagnetic activities
from October to November, 2003. These activities are characterized by very large
sunspot groups, X-class solar flares, strong particle events, and huge geomagnetic
storms. We discuss ground-based and space-based data in terms of space weather
scales. Especially, we present several solar and geomagnetic disturbance data pro-
duced in Korea : sunspots, geo-magnetograms, aurora, lonogram, and Total Electron
Content (TEC) map by GPS data. Finally, we introduce some examples of the satel-
lite orbit and communication effects caused by these activities; e.g., the disturbances

of the KOMPSAT-1 operational orbit and HF communication.
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1. M B8

B Foll Al xSt S0l R2YERTE §9 AL 93¢ ¥ AAste) ey
A YAEE HESH 8 4T U E o0k & 1 200013 7HA] Joe(2000)S] AEE
71208 22 RAQ 38 g A E Fel s Aojct. £F:HF 2 Wsle & 1904
B vpgl o] A4 2 94 54, A%8A, AA4HAE 282 A4 AYrad 53 L2o] $32F4
Aol XA HAD 71719 He Ao G v]A £7 opzt, 30| YA L vy FF
Ao AL AP T T FA-AH AU A4S FEEic

nFL HFU7, VI, FFEFF, UFE, VAR 281 FHgAY APz ¢
=857 A9 R BRAL s 1996d F7L= 87 =2 73 (National Space Weather
Program 1997)& % #3332 Ju} 982 +34 A3} 43 A 74 (Communication Re-
search Laboratory: CRL)oIA EjFA s}, A&, AT A7 2-E #5F 2451 £53873 98 JF
E #y Jdon, A o.FE 2 LFAFPEE AFHL Utk I+ AAATEE AP F
* (Tonospheric Prediction Service: IPS)ollA} X A7) A& A E v R3to] 2709) B2 4 12709
A 2AE4E 2931 glon, IS AE L AAT $587 FBE AT Atk H2 H
HAPoAME S-F8A ] A4S AN +F8H o #HH 718 A7 (Stamper 2001)F F3f ¢
F87Y) AT A, 78 qE5 A2 75 T B A A NS A G HEEF T
AR FE DFAL Bl AR T 9 SF8F Mnla Bopg AldskArh

= SRAFJEAEE $FEF 9 HELE EH°‘5~H'-7\}(X"*) %E HFAR &5 (22 E FA)
22 AR EF o FEEE 7 G5 R wet A= s FASA € EAcE, A4A 2
A48, 282 NG AY Aad B S/l niA= *ﬂ“"“ o *753_- 37 7] 2 (NOAA Space
Weather Scales®)& 53] AA13t2 Qlt}. o] 71&o] W2 | FEAEF2 w3 GOES 14 3
3 1~ 8A(0.1 ~ 0.8nm)T} 0.5 ~ 4.0A(0.05 ~ 0.4nm)o] Ao} ©9] HAHm?) X-A2 58 HF Al
7](Watt)°1] w2t R10I A R67HA] 5@ A vro /8t At 28| 2 B FAAEF S GOES A4
AL 59 239 I3 H 3 (cm?), Al (sec), DA ZH(sr) F ZZE(10 MeV ©]4H) Y24 (Proton
Flux Unit: pfu)E S19l4] S5 5TAZ o] /3t Ut vpAte . A7 52 w5 &
o A4 gex A AA 8N (A7 HEL] ARE AHE 3t AT A A¢FJA (A7) EF
A4 Kp7t 5 o] 4RE 97bA] Q) A& GlolA G57HA] vro] £/F3ta Qlvh 18)x Zt 5 R
o g} AAEE FATA 2 FPAad, JAA 2 AR, 28l A4 Y A2d 2 53
o u)x)= A HA ] Fg2 F37 7)F(NOAA Space Weather Scales)ol) AHA)3) 7]& sk Qi)

SEuvete] Afols WAL 5(2001)0] U AFFFAY AFHYE T 228 AFZA L
SFER AE7F TF, A4 28R FE HEE A7 AAF b Yot obFtA] £3

FEHor BUH L 24 AF3e AAs ZFAAA Gt 281 A= F¢
&7 Wl 9% o) RuFHAA Y EAE vrt A Qo 2874 W3 A A
Apd o) bl Fo] B v & 227 A4 3R] Rk Aboldll I &iz}ﬂ-—?—a]g] FAFA
Fu AL g FAvhtn A"k a2y 34 2 A4 #AAEL 6 E 5
wdrigts 2 9AE 717 AN e BAE QA A, oh W 2 ZAALHE 3

3http://www.sec.noaa.gov/NOAAscales/
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Layer frequencies at Osan AB (undef sampiing)
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FHGl AR E E 5 ok 31049 299 124], 204, 10€ 309 124], 23] A &oA F2&
o] gAFEse7E At e AoES @S B 5 ok dutdo g gulF oA AMEE = 2 F
A £ F25Y dAFITY % 85% A Fete Aoz LA Stk F7he) AHF Role o)
23 F239 dAFE 243 Wt daEAo] AR 7H5 3 S dlgo] 87X F
o2 ¥y FANTY 4 §F FASA Fol7t AASS Vet E 2HAA AV Aok 28ln
ofZtoll Bl F25& &3 WA = dAFT7T ek AL g oA AMEE = At A

SoAA FEo A FH o] #AEHAS S VERAT

33 ?ldd & fIM280 O|X= PEF

AFHEE 83t & MF, 98 5 F2 AAFTEY thld = 87351 2003 1042 =

Shttp://spidr.ngdc.noaa.gov/spidr/
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a9 9 BGEE 4 A5 3y A=A S FUx A3

£ 2. 30417 GPS HlolE & o] 43 A= 24% FAYE WA T FHAZY HX A,
Radial Cross-track  Along-track 7143744  Decay Rate

(m) (m) {m) (Cd) (m/day)
2003/10/10  1.119 1.633 2.233 2.128 ~5.58
2003/10/28  4.362 2.004 24.051 1.517 ~25.05
2003/10/31  10.386 1.987 72.479 0.606 ~33.24

FEFo g 28 H W= ANARNCE G2 S £ Aeg BuHy Yt 2 4= v
2 FFQEZ(NASA)Y A DA YA Y 224 0]9) radiation &3 Fu]e] &4 R HA4g
AF AR 209 Y4A BFAE E 5 Aok B3 =2v) 942 20033 12499 H 7w 2
F2 9 F9 A7t o) H B FET] AT A WA Aoz A Yt 2 Yol B Y
SGHF ZZE AL o2 FRASFHAR SFAEL 2158 div] Fe] €A Atk

2003 109 TolA 11927129 B FZ g o3t L2873 Hale ole]F 159 1k 4]
€ 2 AEZA, 2 AL FE FUth 27 90l B upe} 2o] 347k ot 15 94
9 A=EdE FUx £F0] 10¥ 28U FAUTN I EZF S 7|H 22 3t 2~3Y Foll FF8HA A
B A as BAY = A 53], FEZT LA 3RV Ad AR RE CMEY] 98 A 27] ZF 0]
A7 7)1 do AAAd FFE v NAAN AZdE AYET} HA £ 2kmB o) F 89 A A
39 16km7HA FASA Wate A € 5 Atk T HEFEF 24 AT FF9A A8 A=
& AUcE ojRoE & LS F7|2 3d 3AY IE AENS AYE7} B4 FFERTD A%
He AL ¢ 5 Atk HYZSE AE 7709 Ax2A 3YE ¥stE AHEY] 93 53 Y (overlap
method)®ll 93 A= A8 EAFATE FHY F4S 98 3047 doJHE o] &% ALHE F
Mo ASE A 4A12 B FHE = 7129 7 apd Xol& GotE gttt & 2004 W
uho} Zro] EjYFZF FA Ao 4 Fo 2 Ho 2.5m ojW LAE FHA = AL & F o HF



EFFECTS OF SOLAR ACTIVITY AND SPACE ENVIRONMENT 327

ZF 24 FF o)+ along YFO R 24m, 3¥ 0] A'd & along T2 o 72m7bA] Y LA}
7} E3HEE ¢ 4 Aok 53], 1 gL v FE5A A g, HEEE A -5.5m/day
FZ2A B FEF AF -33m/day7tR] <69 o] F7HE AL & 4 QU ol T A= S FY
E Q5 782 A4 290 o] AFFHE AT AT 2 L F A6 F23)0, 53] o
717 G& R HIETE AT a9 2ol 4 oA n|g A&E Ay oo &3}
o 4L FA3TE AT 7HeA o) HASA A AAF 5 2003). ol B B FEF N
93t L2879 W37t et 949 A 40 AHAA 9FE vt A webA
g5 @ 227 2F 59 28 us st AT AR E G U 5 oj Ao} 3, 9
A IFE gt Aol T3t

ool

4. 28 % HY

=] AL & AT 3 A7 4B RIE I AR EFIT LEtete] Aol
£ k377 287 Wil o3 G o] AR vzt A9 gt B A7l A& 2003 109
T SR WUIE felvebid M 54 HY R HEF, A7), 237, GPS &% (59 of
g A4 159 2875 AAARE 83t £4811 o] HEI e A4 2 T4 73 4
g AT 2 A3 FES ) 9 A7) FF 713He < A2l Ionosonde AR A F2 F
o] AAFS] stz EAHA L EASH IS GAsgch 182 GPSAE E4& FHA
£ I AFe] F JAAEFFl F30% ol AL E T8 AUt o5 RASA R
GPS AZ71 #3287 Wil o3 4 A2 & 5 Y 3 AEA FAth 281 A A7) =
T 5g A8 A=el 9FE FRAGE JHAA FAR otEF A4 159 A=E FL=Y
At 2 1% ey 718 A8 ¢ A9

Ho 2L 2287 A8 LS AT A AR Ao s AANDoE L3887 4
E RUHIL HIEF 2 38 FAA A/ HAGA S Wl d3H = 4 R E 4239
A = A SFBAZAANLEE WD Atk A A2 33 AL AAH A 4y
(2004) 7} vt4 G 5(2004)9 3l A3 7]eF o Qo] 7 ME FRUWET 23} St ¢)
A2 ¥-2 IDL(Interactive Data Language) S § 7|4l 2 289 4 Q=& vHE9 I ION(IDL On
the Net) Script& AF&3to] AL3t Ao efF Y ALAA7F 9] 423 ZEUE, ¢ 873Ws
o &8 FA A4 59 4F AF, 282 FF 34 LY £FHF A T B 75
231 9tk =3 Moon et al.(2002)0) o3 /Hdd e ¥2Fte] A8 2 A(Shock Time of Arrival-2:
STOA-2)3} Gopalswamy et al.(2001)¢] ¢J3] /28 CME A} 2dS YA ulofjr FHHYZE Fo
24 B 3459 CMES] AFEE AZE R E = YEE Frh Cho et al.(2003) &) FZF 3 1}
9} CMES] 7= Azt o &o A% FTAHAIATLE E8 o]E REEY dEFE0 Az gL &
AHFATH $FBFFAAIAHL v] = GOES Y428 18upo} g XA =2 & 4A7, A2}
7] 2828 5] AZdolEHE AAZL 2 ol 1 W3S Y X-A,EUV 28| AAZ I
Uaz G437 A AFdo £ o] A FF AEE vF R EHARAEY 23283

Sftp://sec.noaa.gov/pub/lists/xray
Tftp:/ /sec.noaa.gov/pub/lists/particle
8ftp://sec.noaa.gov/pub/indices/dayind
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71&€& B85t fFEAL HEFYA, AFANE R TS A5 22 $HE + UA=EE L= Ak
283 v]2 SF R HAE o)A 25 3Y B HEEE Fdo FF 3Y FA9) BfEES
dof, HFZ2EGHY, AA7] E2F B 7t S A5 AFs Atk 2 vt £33
H3let O Gl Ui AFEAS A3 FAL vojelg DBE F&3%L AT VN5 A¢e] A5 E
AT & A= F tojg ZA AL AE3}AT) of AR IONo| E9] = FORM 7|52 A&
Sto] @ote AMAES 7|7 4882 W 2 AHE J8A BAFE 7)15E 2 It o] A
Aoz Jqo) A5 A2+ AF XA, P ZRE FY2, YRS, hFT Ehzvt L A7)

%, A7) Kp A5, Dst A §, 7| 587 X E Soltt 28|11 v Yo} e FAEU S 1]
‘ﬂ"_"oz‘-_lf-'—}«] HYo2 8T I HIAE AL L A4 HFASA2E BT AT + e
ARM(Active Region Monitor)2] v]ZAe|EE &34 HEIFYH 0= JPL{Jet Propulsion
Laboratory)o| A} AlF3ta Q& TS 43 ¥ A A4 TEC AXE )83t fvthety 5437
294 1% 59 A=Al Y TECS ¥3E RYH & 4 I+ TEC Ax 5 /s Yot of
23 LR EARANAE, L8P A8 A4AI, ARM 221 TEC Ax 52 2T—Byte9] A&
Fra3s) g2 7] 145 AWE 53 2851 oy FF J£HA +F84 ZUHSY
#d JEE AFE ARtk

AR 2: o) A3+ FrieR “HIFBEA89] LF8H $47)4 7 H(M1-0336-00-0011)",
“«2 =R AZRAME 7]8k7]% 4 (M1-0336-00-0013)”, “Ef %A ® 7HA] 7] % 71 2 (M1-0104-00-0059)”,
283 e FE R XA L A3 71571 M1-0407-00-0001) AFAGe] Ado g SHHAFY
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