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SUMMARY

The shock wave from the solar coronal activity i1s crucial and
closely related to the geomagnetic storm and 1onospheric
disturbance. The solar radio spectrograph, geomagnetic network, and
ionosonde were installed in Radio Research Laboratory(RRL) to
monitor these significant disturbances of space environment. Their
test operations have been  successfully performed to obtain the
typical examples of solar radio bursts, rapid geomagnetic variations,
and sudden 1onospheric disturbances.

In this work, we derived coronal shock speeds from solar radio
spectrograph and geomagnetic K-indices from magnetogram of RRL.
By comparing the results with those of other observatory, we
confirm the wvalidity of our observational data. The derived shock
velocity and associated flare’s information are used as inputs in the
STOA (Shock Time Of Arrival model) to predict the shock arrival
times at the Earth. The results show that there is a weak
dependence of the transit time difference on initial shock speed. The
systematic dependence of transit time i1s removed by adopting a
linear relationship between shock wave velocity and its exponent,
ie, Vs~R" with N=0.05+4x10 Vs,

This kind of work 1s expected to play an important role i1n
studying the connection between coronal shock and geomagnetic

disturbances.
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A $-Fe4S mUHE AFA 9}% | 2E 75‘}% AL B A5H
¢T3 o] 4528 (Sun-Earth connection)S ¥ 3= AW ofyel =
g ¢l 9% v E HAstetal thHlsk=d vl T a5k
E3] "ol os] At P A9 A A7) FH(Earth magneto
sphere) ¢+ E4-&S B3l AAVZFS dovl= AoE dHA e
(cf. McPherron, 1995) o|&|3t FZA 3ol X G2t A F27|8 &3 9 A%}
= ovsr] wzol =AAIZE AEs] dSehe A2 FFSAEdEe] A
Q70]t}k. Smith 5(2000)< Interplanetary Shock Propagation Model(ISPM,
Smith and Dryer, 1990)3 Shock Time of Arrival Model (STOA, Smart
and Shea, 1985)7F¢] HWE F3] STOA REHo| B3 FA T AF =2
S Hu Ags] oSS dotditt 19 o]y RAES IRV FAIVL
B F-A53F gto g Aaste] A FARIE Ak 7 (Dryer, 1994)s
5 R 2V|A = AMESAL v AR 49 &
L% Type II burst®] #4115 &3 24 %7 witol Type II burst®] #+52
A3t FA4L o] RUE9 AEo] glo] Aol AAHE £e Ed 4
d % Au Type I burste &4 2% EH (Dynamic
spectrum)dol SAFIFNA LS 2t= A =0 (emission stripes)’t E=&
Tl A vre FaaeR gvts] SE=(diift) 54S 2E=THWild and
Weiss, 1963). o] st 54 Zdloly I =220 (CME's)dl 93 43
7b Z2u v o s Fegste] Urkes s vERdY JdFA 0 S5A Y
o] AAE 7FEA7IAL 7hEE dAbs ALyt %E}ZU‘W}% LRt S
“(local electron plasma frequency) T olA HALEE Az WHIA|7] =
Ao g 4 UtH(Nelson and Melrose 1985; Bougeret 1985). ©] &3k o]
2 I2Y FA9Y She FA2HER Ao Hole Type II burst®] drift
rate$} Z2Y AALER S ALt A7 EtH(Robinson et al., 1984).



TG SR STOARE S FAANYPIAE 555 2 F e
(Piston-driven) &A1} Vi~R " (1714 RE shock® heliocentric distance |,
N=05)¢] #AE 2t blast wave TAIZE yro] AMbE T STOA 22 o
Sk AEAd e B2 AA(Dryer and Smart 1984, Smart and Shea
1985, Smith et al., 2000)=°l <l3] A3l AE ¥ vk Volkmer and
Neubauer(1985)+ Helios-1,2914 #=¥ 1787019 fast MHD-shockell tff g
SAESNS T3 AL 349 HE v~r MY AAE dolWth Smart
and Shea(1985)+= ©|&9 AH}E <A E N=05% blast waves =3}
g Viasov(1988)+= 39l (radio source) AF#HAE ’radio-astronomical
cartography” Wil A-&3sto A4 P+ A9 £5HS EA4% 243} o
ASN7E 2714 %0l oheh 025014 1Akel 2 Wt 871472 )e =

7]

4

To] AFol wAlgsS Lolltl. o]= blast wave WA AL WA 4
(exponent) N &7} ofym Z7|&=Hd we} &b 4 &S o n s
STOAR Y& ALE3le FZAFe] A FEZo] oFHIAE A AF7]EF 9]

AA A A=A T FRE o= AEIA ok A2 Wi TasHH A A
3}

7] ZFo ANFE AAAE A gl SCHEAS T At 4= lon
O tREe AR A Ee T3 AYEn Ax] GsAFE ol 7
7ol HE RS M #ASAA AAHEHE AT Kolth 74 #FA9]
K#te s3] H A% F5%ee D didd el widx71ds AA
shar 3AIZE Hr g e oA F #e Agste] AA AA SRR
FH Kats 2487 Aaixdes 54 A A AF271de] A sE
= otopstar A AEL Y EFSs AEaoF Frhi(EA A, 1999).

2 M= HAIATF49] HYAIGBSS 278t Type I burstE 413}
of AAT FARELE} & #5429 AH(E vusgit 3Fd A= olH A
A7 #5480 AREFE KATE AASt vw T dRAH} A
Kakioka #Z49] ZAypele] AaAAdS AHEu. 4FoAe 43557}
STOA R Ao wx= J&¥ blast waved ATHAT(N=05E il
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QY] B dEAL] o3 wiAdNE A& oR WEdr 1Yy

WE(CME)s ¥ #Zo] Hggeoe] s a3
(Radio Burst)¥} 22 H| A 9EAZF BEdTh, o] gk Ao 535 &
go] M A5 & Fuje] HwEm wersk(30 MHz~300 MHz)oll A H A
EF9H(300 MHz~3000 MHz) thelell AA FxolA FAZF 5k A&
webA B FdeEd #5S fsiAE vud W Faatd Y duEs o
L£Ho72 #AZHIT F Qe A|x="He] Hastth HFE9 swept-frequency
spectrograph(Wild and McCready, 1950) ©]%, ol o|27|7kA] Al Z-
34 F3l ol dE #FTIE0] EE o] AHEH Al T (e.g., Mann et al.,
1992; Prestage et al., 1994; Kondo et al., 1995; Shanmugaraju et al., 1999).
VSRS F2 AL e FdAd A9 Ee WHstE st w42
TEHE TR A EY Ao
= Tz BE Fas o W aga AESAe wE 57 fFP R U
o] +Fokal JTH(Wild et al., 1963)

—

E & (dynamic spectrum : 52 A7

RS E

19954 o] Aol 30MHzol Al 2500MHzS] YA 9E d&Ko= A=
T A AFEZA (DS A sAT o] A2"e FgAgE
o2 o] Ao FAE F Ud=E A H
FAletH Yol &3] (Hybrid-combiner), BPF(Band Pass Filter),
LNA(Low Noise Amplifier), 123l 2~ E7] F47](R4131D) =2 4 ¥ ]
ATH ZF Ui e HueE gigFr] cteElvel o& AAAGE FAEH 900
B EFVE AAEA - dEgE FEdEn. o] dAgE FAYY
Hol A 53] AFadde A3 FEe dFs WA F=F BPFE AAA

Hi LNAE &3 5" & ~9Ed -Er*—*.7]°ﬂ dHE AT FAHI loss
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Parameter IRS-1 IRS-2 IRS-3
Frequency range 30 ~ 100MHz 100~ 500MHz 500~ 2500MHz
Channel bandwidth 0.14Mz 0.71M 2.85MHz

Antenna

Primary feed

Log-Periodic

crossed 15-element

log-periodic Antenna

10m parabola

crossed 20-element

log—periodic Antenna

6m parabola

crossed 23-element

log—periodic Antenna

Antenna gain 10.33 17.5(100M) 27.0(500Mtz)
(dBi) 31.4(500Mi) 40.8(2500MHz )
Beam width 60° 20° (100MHz) 6.8° (500Mz)
4.1° (500Mtz) 1.4° (2500M)
LNA 45dB(gain) 45dB(gain) 32dB(gain)
1.3dB(Noise figure) 1.6dB(Noise figure) 2.0dB(Noise figure)
BPF 30 ~ 100MH 100 ~ 500MHz(325M Notch) 500~ 2500MHz
Polarization RHCP and LHCP RHCP and LHCP RHCP and LHCP
% 2 #5delH 3¢ (yymmddhh.spe)d 7%
header(word) W &
1~6 = A2 Az A 9 A A B2 (UT)
7~12 A= F8 A d 9 A AL B 2 UD)
14 Fu4 F9o FE(=1:48, =215 (og))
15 Al &} =34 (30MHz)
16 T3 F95(2500M)
17 IRS-17} IRS-2 Atel el A A F3+5~(100MH:)
18 30MEoN A1 500ME AFel 2] tﬂ olE] M
19 IRS-29F IRS-3 Atelel A A F3+5=(500MHz)
20 100MEzoll A 2500ME Akele] dlel g 74
21 ~512 Abgota}
body (byte) 0 &
1~11 = Az od 9 A AZE B 2 (U
13 Bl o] w917t F3E(x10)
15 Heko] 1% HHE(X10)
23~1775 < 994 ¢ o]E (RHCP)
1776~3528 2 993 dlo]E (LHCP)




A s Sfg
ACU(Antenna Control Unit)$} AlojAl2dle] ®HE d¥d 5+ U= OCU
(Operation Control Unit)= T/ %o At} Stelv= dEddA dE7HA] HA
At ALkl ofs) A E W7, 1% FHxo we BES Asoer FAH3)
H O ASEE +£0.005 olth. #HEdlolH= GPIB(General Purpose user
Interface Bus)7t=& &3l %’5 ljr. 671e] =HAEY EA7|25H AA
(30MHz~2500MHz)°] % - 9 9813 ~HAEHS HAS5st=d des Al
°fF 3% Aol HolBFxe i 29 2o 2HEY 479 A8
3E33 2ol HdAsHA

tole A2+ FM, TV, Pager 59 d&&53 Bl EdaE A7 st
HAgE EFeth A AdE Al
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Hluske] A4 #s sk AAsAn. 283 JAFFASAAE HAs8 HAawk
HeksH(minimum smoothing) 71H= A &3ttt 7|4 HAst Fess

N

o]
e QRS 2] el Qi GE F P 4L @S AN Fag ow

T Ay
AF&3Sk= Aol ol & sl WuA Fuaagigd s Zhzh S HUlEE (a)
30~100MHzol A= 1MHz (10 pixel, w=5), (b) 100~500MHzol A &= ©oF

AMHz (6 pixel, w=3), (c) 500~2500MHzl A= <F 10MHz (4pixel, w=2)=
ARtk =3 Ao T o3 aHE AASH] A HAA A

4@ %o ou) AR AESA/NE AL Arg FHHE FARAL 2
A3t g 33 gol ANZHEDNA ATFS 1 andon AALE @
A 5 Ao FAuch WA TG ANFUARY BEL AL 5 9

91"/}. O9 4 AAFAoA =3 3155‘7‘:01
3 AE25(h)E BT )
A 2 A AoZL(Radio burst) @ Z2Y T4 3

19473 5¥8¥oll Payne-Scott, Yabsley 121 Bolton< 200, 100, —Z]al
60MHzol A Bl el A 3 Ao 2EVE wEHdon w2 Fuad Hla u

2 FugoA =4 AutEo] "t AME S 25 Y (Payne- Scott et al,
1947). ol 52 oW Egld/o] 22U 5 (&2 82 T3 leve) ol Al



¥ 3. 2FEY EX7|(R4131D) 9] FAIE7E A A

A A IRS-1 IRS-2 IRS-3
Resolution bandwidth 100kilz 300kHz 1Mz
video bandwidth 3kllz 10Kklz 10kHz
Sweep time 0.5sec 0.5sec 0.5sec
Frequency time 300 - 100 M 100 - 500 Mz 500 - 2500 Mt
Detector mode sample sample sample
0 T T T ] of T T T
Raw Data Of IRS1 J L Minimurm Detection Of IRS1
-20F = =20F -

Radio Burst

POWER(dEmM)
-
=)

T
POWER(dEm)
L
=]

T

=60 =60
—80 . . . ] —aal . L L
20 40 60 B0 106 20 440 60 80 100
FREQ({MHZ) FREQ(MHZ)
D T T T ] 0 [ T T T

Raw Data OF IRSZ J L Mirimum Detection O IRS2

POWER(dBm)
- I
=] L=]
Ll E T
=
. |=,§ PP R |
POWER(dBm)
& I b
=] =] =]
L 1

=60

-d0 s i L ] —aal L L L

100 200 300 400 500 100 200 300 400 500
FREG({MHzZ) FREQ[MHZ)
] a
Raw Data OF IRS3 4 L Mirimum Deteetion OF IRS3

POWER(dBrm)
&
f=)
PCWER(dBm)

|
-3
[=]

—20f . -20F .
N a0 i
ity gt _50%

-80 L 1 " ] —80 [ L L
500 1000 1500 2000 2500 500 1000 1500 2000 2500
FREQ({MHzZ) FREQ[MHZ)

19 3. 30MHz~2500MHze| FAIAAZREY Adefda= AAS 95k

Msk H Ak HESH(minimum smoothing) & 18] &2 4843



IRS (30-2500MHz R+L) 98/05/29

FREQUENCY{MH3z)

01:03  ©01:0B 01:20
TIME(UT)

FRS (30-2500MHz R+L) 98/05/29

FREQUENCY(MHz)

01:07
TIME(UT)

I 4-(h). BIE WA A} dFATE ¥ A A3E Dynamic Spectrum



G (EE FHF leveD) o2 et AUztom I £E= 500~750km/sE A
olgtal FAetth o]F o] E7 #4e MHD shocke = 38 % th(Uchida,
1960). Wild ¢} McCready(1950)< °¢]&l 3t A3 ~EE Type II radio burst
2 #7otth. Type II burste EfS-A 73 o2 Mdste T4
AN T= AT QEREA4(Ed ], CME)# ¥ho] Ql7] ol Bl -
A3t Connectione °ldlgt=d T3 J&5 3.
Type II radio burst® emission HW7IHES v 3949 ZFehxw
emission¥ A &= ol H il vt HAA, AZUE A= Zw
] EAASA wEal wREFg=nt Faka(f,) <A e
Eeh=nta s AAAZIY. B4, o] FEh=vl3H(Langmuir wave)
o] 5o o3l stgtro] HAAr|gE Wgth o] W7 gk Aol A
Type II burst®] Fundamental emission® @ Tt} 28] F71¢9 =g
zutak7b FA A oF 2] FFQA)E e AAVIFHE WIHIE S
o o]+ TAAYESR A= Harmonic emission®Z #F55H7|% g
Instability ZH+= FA37F Sdb=nt & Avs st ASHL =497}
Ay Sefzvtats AEE I QA7 9 AL HE

N

2N 18
i)
L O{N'
N

o

N K

Lo

A 3 A Type II burst 4 & B3 =49 £=24

Bl a2 ute] olo mel AAE = fHAshy] widd a5 ZEkxa 3

TFF(£,=9000V N, Hz)%= A &g wkof FA57 st3ollA dFo=
AgPstAr HAA7 32 FYANGH 2 4-bo] BAHAFEY Ao A 1ol

= A3 Zo] v FagolA By A AuA7|7E T

Ak wEbd mEue] dAxpd e WIlsE 4 it Type 11 burst9

e Ae A9

drift rate25FH AT JPH£H=E A4S & Y. Fundamental
emissiond A #=FH Ty SH=Ev T A9 Fornzg A

T 39 #AE e
f2: n{r}ez (1)

AN est me Axre] Aataa Aaolw r& fAME ) o] Ae] R
qe they) 2ol mEA



_z & dn dr
25 = Tom dr dt (2)

ol W% WEE(dn/dr) et SA 9] SE(V = dr/dt) Aol Zhe] ¢ #hd

g9 et gol BN F 9

Vcos 0= 2Lnf—Z,§, (3)
o 7] A
_rl dnq—1
S AAUEWE scale height ottt webx A F49t9 £2& AH=3)

mE
m

71 #1384 & ©] scale heightet T4 39 2 @ads& dolof o}, A=}
9] scale heightt Bl Z2Yo AXEEFERAS 7HAste] A HY. o
£ &9, Newkirk 229 4%,

n(P) = 4.2 10 1+l 5)
AA == scale height L, = 023 r* (Re) ©]3l 12 HlFZFA oA 9] e gurA
D9 (Re)® XA E Aot r=15% A% scale height:® 05Re=3.6%10°
km/s ©]t}, wheF A7 AAUE B EE wel(g = 0) APsrtar 7HA
AE Y oA WE F34 f= 50MHz, drift rate’} 0.1MHz/s
2 AA4HAgH 499 HEv oF 140km/sE ALMET dubdo=
r=15Re o F 21} E=olo| A Alfven speedi= &F 500km/sC] B &2 o] F4 3=
83| fast mode shocke|th.

I Bt AFgAS A= 34709 Type II burstES @3kt #5149
HE QoA A W o] &4ty a2y 459 £5 ZAAS
ATk Eg Type I burst?t HHF @G 84 1S 93 Zdd,
F2YEALE(CME) HIEFT BRE ZASAY. 2 235 340 A st
Fod A 40577}74‘; #5549 Type I burstoll #3 HHE HolHHIST,
Type II burst #=<, AR, SA%ERE £o2 FASAY 5QM 7871
A= Type 119 A9 sAldl HASH Zdofo] gt AHE nx¢-F3Ad R
AlE 9] SGD(Solar Geophysical Data)oll Al ZFAFsFe] wHAQ %] Z#oje] R
gl AEHAG Fow FAST 2eal 882 Type I bursteh =]
WA 2L ApolE B R AL Aotk 98, 1089 Type I HAAIZE A
2o ¥5 BRad CMEARE 7 3lad74¢ SOHO/LASCO Catalog®l A1

&

!



¥ 4. AgAF Lo T=3 Type II Burstdt Y5 55
X-ra CME
4 Date Type II Flarey at 1.1Rs Vsw
UT Speed Loc. Mag szlu T’I‘xt Speed T’I.‘ct (km/s)
(km/s) | (degree) (min) | (min) (min)

1 | 1998.05.08 | 0200-0206 | 569 | SI5W85 | M3.1 | 28 4 373 -16.8 | 500
2 | 1998.05.08 | 0601-0603 | 1100 | S15W85 | M1.4 | 33 7 1726 -3.4 500
3| 1998.05.29 | 0058-0110 | 500 | NI8W81 | M6.7 | 12 1 478 -17.4 | 400
4 | 1998.05.30 | 2248-2251 | 737 | Backside - - - 745 -9.8 -
5 | 1998.07.31 | 0533-0544 | 650 N28E31l | C29 | 64 5 | No Obs [ No Obs | 400
6 | 1999.05.26 | 0236-0239 | 700 N22E41 | C23 7 -6 | No Obs | No Obs | 450
7 | 1999.05.29 | 0311-0323 | 612 N2IEO6 | M16 | 23 4 730 -9.6 400
8 | 1999.06.11 | 0039-0041 | 1150 | Backside - - - 980 0.9 -
9 | 1999.06.11 | 0050-0056 | 546 | Backside - - - - - -
10 | 1999.06.23 | 0545-0552 | 1083 | Backside - - - 836 -15.7 | 300
11 | 1999.07.11 | 0014-0016 | 772 NI7E35 | C30 | 18 5 473 79 350
12 | 1999.07.11 | 0021-0026 | 530 | SI9W23 [ C3.0 | 11 -2 473 79 350
13 | 1999.07.13 | 0602-0604 | 1093 | NI17E06 | C29 | 47 | -16 | No Obs - 300
14 | 1999.08.04 | 0552-0544 | 1027 | S16W64 | M6.0 | 42 5 402 -0.8 350
15 | 1999.08.17 | 0453-0456 | 422 | Backside - - - 818 -4.7 -
16 | 1999.08.20 | 2321-2325 | 474 S25E64 | M9.8 -13 1029 -28.6 | 500
17 | 1999.10.27 | 0431-0433 | 1118 | NO8E34 | C5.3 -1 | No Obs - 400
18 | 2000.02.12 | 0404-0406 | 778 | N26W23 | M1.7 | 41 6 1182 -2.9 550
19 | 2000.02.12 | 0412-0415 | 793 | N26W23 | M1.7 | 33 -2 1182 -2.9 550
20 | 2000.03.02 | 0827-0831 | 1321 | S16W66 | X1.1 10 1 766 -15.6 | 425
21 | 2000.0324 | 0751-0757 | 617 | N16W82 | X1.8 | 31 1 | No Obs - 650
22 | 2000.0325 | 2235-2245| 650 | S14W02 | C74 9 8 496 14.12 400
23 | 2000.03.27 | 0646-0652 | 1130 | SI17E42 | C23 | 29 8 687 -27.15 | 400
24 | 2000.03.27 | 0654-0701 | 364 S17E42 | C23 | 21 0 687 -27.15 | 400
25 | 2000.04.06 | 0227-0232 | 1000 | N15E53 | M1.8 | 19 2 507 -12.4 | 400
26 | 2000.04.09 | 2338-2343 | 760 | S14W01 | M3.1 | 34 4 | No Obs - 500
27 | 2000.05,20 | 0555-0559 | 565 | S15W08 | C76 | 22 | -20 597 -35.6 | 440
28 | 2000.06.05 | 0321-0325 | 560 | S11W32 | C45 | 31 4 541 4.52 455
29 | 2000.07.10 | 2123-2127 | 1229 | NI18E49 | M5.7 | 157 | 19 | No Obs - 435
30 | 2000.07.25 | 0248-0252 | 934 | NO6WO8 | M80 | 10 1 578 0.52 352
31 | 2000.10.09 | 2339-2343 | 1100 | NO1W14 | C6.7 | 80 4 903 -27.1 323
32 | 2000.10.09 | 2343-2352 | 743 | NO1IW14 | C67 | 76 0 903 -27.1 323
33 | 2000.11.24 | 0504-0508 | 1167 | N23W05 | X2.0 | 13 -2 1214 49 400
34 | 2000.11.29 | 0629-0644 | 480 S13E43 | C9.1 16 0 | No Obs - 400
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TTxt : X-ray Peak®} Type II A2} A Z+7e] zfo]

TTct © 1L1ReNA S CME #483% Type I A& Al 2HHe] *}o]
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I A7 EFS do 1t (Pinter & Dryer 1990). AH71E&FL2 #7]AH o 1
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a9 1E 2EF o FAE dozthRust 1980). A1l wsE
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RREL GEOMAGNETIC H,D—Comp & INDICES
Observation Time(Mon/Day/Hr} : 02/10/00 — 02/12/12 (UT) K9 far Ichon = 300nT

Compensation Field = 30108, —12 nT 300 nT/div (B0sec averaged)
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7. T % 20000 #14d el HE(Joe H. Allen, 2000)
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¥8 AFAFA Type I burstE9] Z¥AE 2 B4 Ay
IP Shock Ge‘én;;g;em STOA Revised STOA M[()’;el
# Date (hour) Model(hour) Model(hour)
(hour) (hour)
TTi | S/C|Type | TTg |Dstmin| TTs | ATsi| ATsg| TTp | ATpi| &XGe | ATps
1 [1998.05.08| - - - - Mhd - - Mhd - - -
2 119980508 | 346 | W | Fast * -62 | 64.6 30 * 675 | 329 * 29
3 11998.0529 | - - - - - Mhd - - Mhd - - -
4 11998.0530| - - - - - - - - - - - -
5 119980731 | 769 | W |Slow| Nh Nh | 77.1 02 | Nh | 673 | -96 | Nh | -98
6 |1999.0526| - - - - - Mhd - - Mhd - - -
7 11999.0529| 924 | W |Slow| Nh - 81.8 | -106| - 725 | -199| Nh | -9.3
8 11999.06.11 | - - - - - - - - - - - -
9 11999.06.11| - - - - - - - - - - - -
10 | 1999.06.23 | - - - - - - - - - -
11 | 1999.0711 | 85| W |Slow| Nh Nh | 8.7 | 52 | Nh | 835 1 Nh | -4.2
12 | 1999.07.11 - - - Mhd Mhd
13 | 1999.07.13 | 84.2 | A |Slow| Nh Nh | 723 | -11.9| Nh | 755 | -87 | Nh 3.2
14 11999.0804 [107.7] A |Fast| 973 | -45 | 783 | 294 | -19 | 804 | -27.3|-169| 2.1
15 | 1999.0817 | - - - - - - - - - - - -
16 | 1999.0820 | - - - - - Mhd - - Mhd - - -
17 11999.1027 [{101.6] A | Fast| Nh 74.2 | -27.4 92 -96 | Nh | 178
18 12000.0212 | 50.8 | A |Fast| 549 | -90 | 56.8 6. 1.9 53 22 | -19| -38
19 |2000.0212 | 50.7 | A |Fast| 548 | -90 | 57.3 | 66 | 25 54 33 | 08| -3.3
20 [2000.03.02| 89.4 | A |Fast| 103 | -32 | 686 | -20.8[-344| 805 | -89 [-225]| 119
21 [2000.03.24| - - - - - Mhd - - Mhd - - -
22 12000.03.25| 92.0 | A |Slow| Nh 81.4 | -10.6 766 | -154| Nh | -4.8
23 12000.03.27] 91.9 | A |[Slow| 942 | -58 | 60.9 | -31 [-33.3| 704 | -215|-238| 95
24 |2000.03.27| - - - - - Mhd - - Mhd - - -
25 12000.04.06| 63.7 | A |[Slow| 79 -64 | 739 | 102 | 51| 766 | 129 | 24 | 2.7
26 2000.04.09| 589 | A |[Slow| 704 | -23 | 623 | 34 | 81| 579 -1 [-125| -44
27 |2000.0520| 84 A |Fast| 92 |[-150| 77.0 | -70 | -15 | 684 | -156 |-236| -8.6
28 12000.06.05| 77.3 | A |Fast| 8.7 | -90 | 75.2 | -2.1 | 55| 67 |-103|-137| -82
29 [2000.07.10| 59.7 | A |Fast| 626 | -35 | 482 | -11.5[-144| 514 | -83 [-11.2| 32
30 [2000.0725]| 749 | A |Fast| 787 | -50 | 82.1 7.2 34 | 866 | -11.7| 79 45
31 [2000.10.09] 70.1 | A |Fast| 727 | -60 | 61.2 | -89 [-112]| 636 | -65 | 88| 24
32 12000.10.09| 84.3 | A |Fast| 868 [ -110| 784 | -59 | -84 | 69.7 | -146|-17.1| -87
33 [2000.11.24| 543 | A |Fast| 649 | -70 | 665 | 122 | 16 | 756 | 21.3 [ 107 ]| 9.1
34 20001129 - - - - - Mhd - - Mhd - - -
TTs : STOA Model predicted transit time
TTp : Revised STOA model predicted transit time
TTg : Time difference of Geomagnetic Storm and Type II onset

TTi : Time difference between IP shock and Typell onset

Dst min :

minimum value of Dst index

ATsg : Time difference between STOA predicted and Goemagnetic Storm onset

ATsi -

Time difference between STOA predicted and IP shock onset

ATpi © Time difference between Revised STOA model and Observed IP shock onset

ATpg : Time difference between Revised STOA model and Observed Geomagnetic Storm

A'Tps : Predicted time difference between Revised STOA model and STOA model
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