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SUMMARY

We have recognized the importance of investigation into
the ’'Space Radio Environment’ because of damages by
explosive solar activities. For example, intensive solar
eruptions(X 9.0 and X 6.3) and huge solar radio bursts
were observed for the two days, December 5 and 6, 2006.
Consequently, it brought an unexpected obstacles of GPS
and a large number of navigation systems. According to a
researcher in NJIT, radio noises due to the solar radio
bursts on December 5 and 6, 2006 were 10 times larger
than before. This case clearly shows that the solar radio
bursts can have direct effect on the earth globally. Actually
the X-ray flux and radio burst from the flare observed by
GOES12 were reported as R3(strong) by Space Weather
Prediction Center (SWPC). These types of flares lead to HF
radio blackouts. The effects range from minor degradation

of HF communication, up to wide area blackouts.

'Space Radio Environment’ affects our daily life adversely
to economical and social losses. The space weather
prediction 1s the system that foresee variations of space
weather to reduce damages by changeable space whether.
The space weather prediction system have been launched
and 1investigated in America in order to report to the

general public, organisations, industry and governments the



impacts of space weather on every day life. Other countries
-EU, Japan, Australia and many other countries— also have
participated in the international network of space weather
prediction in order to reduce the widespread damage. They
develop a space weather prediction service and provide a
real time forecast by website, E-mail and SMS. We also
have been part of the international network and developed a
newly space weather forecast service in Korea. Moreover,
we make an efforts to establish a space weather forecast
center in oder to provide the public with information about
space weather systematically.

In this research, we have established the space weather
environment monitoring system, which monitors sun, solar
wind, geomagnetic storm and other variations of space
weather related to the solar activities in real time. Besides,
we operate this system using our own software, SDIP
(Solar Data Image  Processing). Monitoring  more
information, we also operate SWB (Solar Weather Browser)
at the same time.

We organized an advisory committee with the public, the
government, the military and we held the meeting three
times. We also held the first workshop, which was
composed of 8 presentations about Observations of solar
activity and modeling, Satellite damages, Monitoring of
space weather environment, Introduction to instrument for

space whether monitor, and so on.



The importance of space environment increases as the
space utilization grows in the areas of communication,
military application, and GPS navigation. Research institutes
in the countries with developed space industries form a
consortium to exchange space environment data and
forecast to reduce the risks which might be caused by
sudden changes in the space environment. On the other
hand, studies on the space environment have been carried
out in Korea individually and independently of each other,
and the observation and forecasts have not been made
systematically. Hence, 1t 1s urgent to coordinate these
individual research and monitor the space environment
systematically. It 1s also only through this well-organized
cooperation to exchange the observed data with other
research institutes in the world and join the international

consortium of the space environment study.

Finally, we have found that many countries in the world
make an effort to protect the lives and properties of their
own peoples through establishing the monitoring and
prediction system of hazard space environments. It is
encouraging that our domestic laboratory RRL have been in
part playing a role of monitoring and prediction center for
space environment. However we present the suggestions

as follows in order to keep the better radio environment:

_‘IO_



1. The RRL should try to make sure of their own research
domain in space environmental fields.

2. It 1s required to recruit and provide the expert man
powers 1n the field of radio space environment.

3. The RRL should establish the ground based monitoring
system of space radio environments as soon as possible. In
this study, we propose the construction of IPS radio
telescope.

4. We propose the RRL should participate in satellite project
for space environments through global cooperations in the

near future.
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Division IV:
Integrated Studies

Drvision for Visiting Scientists

Ivanagement Section |

Research Project Section |

Moshin Observatory
Rikubetsu Observatory
Fuji Observatory
Sakushima Observatory

Kagoshima Observatory

General Affairs Branch |

Accounting Branch |
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Ao Be 2.

Location of Observation Sites

Map 1 (Baseline Geometry)

Map 2 (Geographic Locations)

Clickable Map
Today’s Picture of STEL IPS Antennas

¥ 7. IPS #F Aol E
Longitude Latitude Altitude
Fuji Station 138 deg.E 36'42" | 35 deg.N 25'36" | 1020 m
Sugadaira Station | 138 deg.E 19'16" | 36 deg.N 31'12" | 1280 m
Toyokawa Station | 137 deg.E 22'09" | 34 deg.N 50'05" 16 m
Kiso Station 137 deg.E 37'49" | 35 deg.N 47'34" | 1110 m
= Antenna
Type:
Cylindrical Parabolic Reflector Antenna
Frequency:
327MHz

Physical Aperture:

100m E-W, 20m N-S (Fuji, Sugadaira, Toyokawa)

74m E-W, 27m
Effective Aperture:

N-S (Kiso)
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3% 8. IPS <tely} 3

A_eff
Fuji Station 1500 m*
Sugadaira Station 1100 m?
Toyokawa Station 1013 m?
Kiso Station 1405 m*

Polarization: Linear (Horizontal)

Sky Coverage:

30 deg. from meridian transit, 25 deg.S to 40 deg.N in declination

a9 20, HYE #58 ARRdA. FAF9%g 327TMHz, A7)
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@ AT-2eHQ 4
® HF A% a3

@ oleFo A
® AA AT A%

rﬁL

ot IPS U E<

- IPSNETE &3 2 e
© =59 ﬂz*@ A

3 Learmonth EHOJE A=% ( USAFS &54AF)
@ AF HY dS54

IPSNET -The IPS Space Weather Network Supports the IPS website. IPSNET monitors
the Sun, ionosphere, and geomagnetic field

ienosonds

magnetometer

solar
observatory

'ANorfoIk Is.

Aristchurch
:

Macquarie Is.

A Mawson i A Casey A Scott Base

a9 32. IPSNET
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ZH wutd g H(LAMP) AREESS =3 [PS §] Alo]ERZKHE o]
L7535t o] @42 AEld 7R oA 2] °F 1000km ol A]
RE AFEAEC dE AHd3 HF F3-= A 33t}

mk IPS AAZE qsE g

Median Maps @ IPS+ i@ foF2 WA AMA A =& Z-=t)

foF2o] MAA == 722k UT AIZH24)3 4(12) 181 8588 53
Aol o

Z(the IPS T index) T=0 3} T=100%] o]=>%<2] F+ #Hd

0
9 oolge] oold gk uAbMst 1AWl od olefd WEL
A

AA ol®l R A foF29F T A4~ Alo]e] #AAZ Fo] X,
AAZ WP A
£ 9. 5|4 IonosondeE o] &3 Wl 9%
A 9 A= BE
Vanimo -2.7 141.3
Port Moresby -94 147.1
Darwin -12.5 131.0
Townsville -19.6 146.8
Brisbane =275 152.9
Norfolk Island -29.0 168.0
Canberra -35.3 149.0
Camden -34.1 150.7
Hobart -42.9 147.3
Christchurch -43.6 172.8
Mundaring -32.0 116.2
Learmonth -21.0 115.0
Macquarie Island -54.5 159.0
Casey -66.3 1105
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A4 A3
GEOSTAT
o= 4
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(2) A7+



(3) HF A3} &3t
o HF &4 A
o HF #Ho]=o}% Ate] ¥ A1

S A~
o = FF A&
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a9 35 IPS dub $-FAR| 2AE Foo]A
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<

3. +F87 AMrx

7k SWPC Hlo|g €] IPS &

SWPC dl ] E =) IPS & &
_ . Zolo] AUl SWF A A,
+ GOES 10,1112 X-ray S I o o
ALF oH Zgo] olHE F=
« GOES %Az} Zelx « PCA 73134 (riometer HAFS5)

e 227 Oval €3 HF oK

. 2439 7%, A7 2

. ofolnzt] ©oE

(*iono.txt)

o A A o)== foF2 A%,
IONEX format TEC 3¢ &

. oWE 19 o HY X-ray Zdo] 9 TAA
¥ dolHE SWPCLZXY A5 dUdHdSE (fip.secnoaa.gov)
% IPS : ISES #1H
o9l A
(1) dA) el &3 (Solar Conditions)

IPS A3} H FAH] 2= AE oA e dA el s o] AR
g AFeta Atk I e HEFT £%, Xray T892, X-ray
B3 A BFae AFERsS #Sstie AIEdd
H-alpha &3} o|n#] 5& AFsta Jgrt WA, Bl 1w &5
S BS5FoEA F HAAT HYE Ao d5ddgs v 102wkt
dulolEsta 24X AF=2 3 FH ARl Y ess o Bolal
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ATE  EFe] e wE HYET SxE9 A4z AUA
(IMF:interplanetary magnetic field)< ACE (Advanced
Composition Explorer) $JA o2 =3t to|gE o] &3t Ut}

ACE 9148 "I A5+ Akole Lilol  AX(AFelA  oF
15x10°%km Ag)stal glom, BSE 5 1 9 2749 A7
= Jj_ (e}

S|
J}Jl
P>
Yo
—
§
3
D
a
5
X,
N _1}‘14
r »

Solar Wind Speed

Updates: every 10 minutes

Last updated 26 Jul 2007 02:33 UT

Solar Wind Parameters Used:
Date: 26 07 2007 0230 UT
Velocity: 304 km/sec
Bz: 1.0 nT
Density = 5.0 p/cc

Calculated Information from Solar wind parameters:

Magnetopause Stand Off Distance = 13.2Re
Solar Wind Dynamic Pressure Dp = 0.39nPa
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A7) @50l Zrgel wet A4/ AaE sa Yk,

- A A7) 731 (Geomagnetic Warning )

E .
Last updated 08 Aug 2007 12:00 UT

08 08 07 1200UT: NO IPS GEOMAGNETIC WARNING IS CURRENT

@ K-Index

v o Addd gk AR dS5H A7)
of +HAEY FHHI, 3F A FUI2 HUY &2 3k (maximum
fluctuations, nT: nanoTesla)& W3ste] v 20wt ¢ Hl o] Es}
L UTh
- K 91492 Zil(warning) @ K Q1959 Fro] 456,183 7 &
= 9 2 Fo] Ay
- K-Index 7433 @ K 1927} A1 F7]00 456,78, £+
#holl ol & uwf =

K-Index :

_BoPRD
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3 Pc3 Index :
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19 38. 35 FHWA 9 (Australasia)@] Pc3 1€~

@ GEOSTAT Alert :

GEOSTAT(GEOmagnetic System Alert Tracking) A]Z=%l- Ej
FozHE (e 5) AT A7) Fe] FE Ay EF 3
(o3

O7HA A A7 #5945 EYEsHZ] 9 /Ad =3

- -

Alert
Fail

J:t Last updated 08 Aug 2007 04:02 UT

NO ALERT CURRENT AT 0402 UT on 08 Aug 2007
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® A A7

waring €4—— P> .
Mo

alert | Last updated 08 Aug 2007 12:25 UT

NO ALERT CURRENT AT 1225 UT on 08 Aug 2007

waring €4—— P> .
Mo

alert | Last updated 08 Aug 2007 12:20 UT

NO ALERT CURRENT AT 1220 UT on 08 Aug 2007

(3) HF #3 &3}

19023 Oliver Heaviside®?} Arthur Kennelly:= &t 7]o] H=A}b
71 AEFo] EAste] EAbdE AAp7]3f HALE d 07151 o] HEAL

H AR Ay e =gste] Falo]l & Folgk PSS MY
t}. 192539l ionosonde”} 7Nl wel & A 72 S (lonosphere)
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olgta ¢ A A+ 5 3
543 delSd vA= G daiA gs AdEAQA AT o] F
od 4 o dElsoldt irlE st e dAAa
71l di7]1e] #xEe]l AY EHFAdA WEHT EUV(Extreme
Ultra-violet), UV (Ultra-violet) ¥ X-raysES 4o} 7] (ionization)

S doA A5 ti7ldl AR} Folo] FHI Aol FAAH
Zo|t}, Ag =& 1% 50kmelA 1000kmsod] 7G-S Az o
Z7bo]= DEFI 2 F2% 4719 202 ofzres= DZ3} EZo] 9
o]

AaL F159 F23o] ddste] shue] Fas o2t

Altude (km)
r L L
‘ g H

Sporadic

Ionosonde® A TE A Zo] F2 YAAA A Zd de o
A=) A HiAlE o]l o= AnE =Asto 7 A=Y AHAAE
o] FXE Fold W& IFE YHedle AAE EelH, oy A
Ho] Yeld 9L ionograme] g}
eR

o oolgA e HEls EdFoA M Wol AgH
A& IRI(International Reference Ionosphere) E 2 o]t} IRI+=
COSPAR(Committee on Space Research)®} URSI (International
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1A

7

(Alerts)

SMS A{n] 2

Magnetlc Alert)

SMS AJH] 2~

Z7 ¥4 (Geomagnetic Sudden Impulse Detection)

1 (Flare Alert)

(SWF Alert)

SMS AJH] 2

Fd 2+ 7 a1 (Proton Alert)

A5k AR A @A

( Radio Sweep events detected at Culgoora )

GEOST 7 F4 Alzd

(GEOmagnetic STorm Alert Tracking System)

SMS A H] 2

HdF 54 43 (Solar Wind Shock Alert)

HGFE A7 &5 dx 4

(Solar Wind geomagnetic activity precursor Alert)

Forbush 74 731 (Forbush Decrease Alert)
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T 78al
AR FxE A

g T 1 (Ground Level Alert)

A -%2] 71 (Geophysical Warning)
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A wa

(Daily Reports)

A HF @3 B3 (Daily HF Propagation Report)

99 AF 2 A7eerd wal
Daily Solar and Geophysical Report)

( B
49 f9 HF A9 A% 2
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qd g A% sas
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o xE# Aol AdAustralian radio science general mail list
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274 2250 mm
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Automatic Observation System, Real-Time Frame Selection
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3% 19, 3lgtol & Hag CCD ZhHl g

Full-Disk Close-Up

Format 2029%2048 1340%1037
Fullwell 85,000 45,000
A/D 8/(10) Bit 8 Bit

2. 3| 2}o] & White-Light 49743 CCD A% 2 54

# 20. White-Light <74 % CCD Ar¥
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4ol Collimator 170mm
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T 5elE 1.05 arcsec / pixel
A/D 10 bit
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(2) #5771 A

D Telescope : 12cm ™7

@ Objective Mirror : 6 inch, 5

@ Slit : 10 ym (variable)

@ Collimator : 50mm dia.

® Grating : 600 grove/mm

® Imaging Lens : 50mm dia.

@ Digital CCD Camera : - ST-1600ME (SBIG)
(1530 X 1020 Pixels )

- Dalsa 1M30

(1024x1024 pixels)

@ Grating®] 22F Aol wmE o] FHES 99 E
Pre-filterg A}-&

@ HoE F4H22 300 Pixels= A 83 line Profile (¥ 57)

@ ®al%s : 0.22 A/pixel
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ot 17GHz A 3314 7]

A=Fu 0 17GHz
HEA]oF @ Bl SFHH
TR 0 3R ZH(1971-1978d), 50%7H(1978-198141), 25%7+

AZHEE) S 08219789 o] F)

17F 01971 109 71978964 (VR E.47)71992d 7
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off
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17GHz BIFAs 4= 1971 Al Bdusg A598e7
ot} FA = gatel BFel A 1344

U 12019 <HHYE Ab

ARPEREE S5 FA90
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He EUHsh=d 540l flal, of 1A AR YHEE 3§
a v 53 dupEdae Foarh W2 How A wWashs
3@ Iltype IDol Wigk dlolg & Agsta Utk 79 I+ x-ray
el 24

I 67 AT BS54
(Culgoora Observatory) 19 68. Ha o] A
(AFeF #=2 2007. 6. 10 02:20 UT)

. *Flare / CME 5
3 T T T T T T T T T T T T
L \ -4
'E Type 1l :
= 0 / -3
= 0 ]
= i U [ ]
N q} = 32 .//_—_ e
—\——-_ /’ A
‘__.___‘_.___ Earth's f, / 2f, rlacSiation i
1 L L L ; | . . . 1
0 12 24 36

Time (hours)

a9 69, AAEl {3 00k §9 1 Hd =
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Culgoora Observatory
01/01/05 00:29 Type II Event
Last updated 01 Jan 2005 05:13 UT
URASP 85303 50101 18183 ////1 20721 20029 30050
PLAIN
PRESTO CULGOORA 01/0410UT JAN 2005
SOLAR RADIO EVENT 1:
DRIFTING: 720 - 20 MHZ
START TIME: 0029 UT END TIME: 0050 UT
SPECTRAL TYPE: TYPE II BURST
IMPORTANCE: STRONG
FUNDAMENTAL AND HARMONIC VISIBLE
ESTIMATED SHOCK SPEED: 800
NO CULGOORA HALPHA DUE TO CLOUD, LAST OPTICAL OBS 2356UT JUST BEFORE
EVENT. STRONG SHORTWAVE FADEOUT OBSERVED 0029-0038UT. RADIO EVENT
HAD
LARGE FREQENCY RANGE, GOOD INTENSITY, BUT RELATIVELY SHORT DURATION.
HTTP://WWW.IPS.GOV.AU/CATEGORY/SOLAR/CULGOORA%200BSERVATORY/LAST%20TY
PE%2011%20EVENT/LAST%20TYPE%2011%620DIAGRAM.PHP?CATID=5&SWPCID=2&SECNAME
=CULGOORA%200BSERVATORY &SUBSWPCID=3&SUBSECNAME=LAST%20TYPE%20112620E
VENT&LINKNAME=LAST%20TYPE%20112620DIAGRAM

IPS RADIO AND SPACE SERVICES | EMAIL: ASFCQIPS.GOV.AU

PO BOX 1386 | WWW: HTTP://WWW.IPS.GOV.AU

HAYMARKET NSW 1240 AUSTRALIA | FTP: FTP://FTP.IPS.GOV.AU

TEL: +61 2 9213 8010 | FAX: +61 2 9213 8060

IMPORTANT: THIS E-MAIL, INCLUDING ANY ATTACHMENTS, MAY
CONTAIN,CONFIDENTIAL

OR COPYRIGHT INFORMATION. THE VIEWS EXPRESSED IN THIS MESSAGE ARE
THOSE OF

THE INDIVIDUAL SENDER, UNLESS SPECIFICALLY STATED TO BE THE VIEWS OF IPS.
IF YOU ARE NOT THE INTENDED RECIPIENT, PLEASE CONTACT THE SENDER
IMMEDIATELY

AND DELETE ALL COPIES OF THIS E-MAIL AND ATTACHMENTS. OCCASIONALLY IPS
SENDS

EMAIL PROMOTING IPS PRODUCTS AND SERVICES TO ITS MAILING LIST
CUSTOMERS.

IF YOU DO NOT WISH TO RECEIVE THIS PROMOTIONAL MATERIAL PLEASE EMAIL
NO-SPAM@IPS.GOV.AU WITH THE SUBJECT HEADER:UNSUBSCRIBE”

IPS-CLG-RADIO-SWEEP-EVENT MAILING LIST
IPS-CLG-RADIO-SWEEP-EVENT@IPS.GOV.AU
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a4 70, A e
(18-1800MHz)
(2005. 01. 01 , 00:24:03UT - 01:23:54UT)
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2. o2 g YA=4 (Learmonth Solar Observatory)

Learmonth Bl #Z4+= IPS A3 2 FAH] 2~ AE IPS
Radio & Space Services)®t A= o] &= o}, FE3 o] #=
2 A4 e HYEEEE oln| A(imager) ol A AAALY
GONG(Global Oscillator Network Group network operated by
NOAO(U.S. National Optical Astronomy Observatories))2] AlolE
ol sfurt.

Zojgiz BRI at 19779 109 559 vFARA oo @7
oz AysHol 19799 4¥%H A% +9HAt £9%HE PS
% Ao ARSFRY mF FEUSAP ¥F Ldsarh
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Hu= 8719 Fa49 HAaE Falgn
BluE 246, 410, 610MHzES 7HAl 8t
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glojrtzol e FEs A Z59 v=el s oA EAE
o Rudd IPS 3F $FdrAHE 5349 e nASA
%%%73 JRAMH2E AFert s ZReE BT gl
= $Fa4AE 9 vReg ATt entslet mRgE Az s 9
U]%%ﬂ FH(AFWA)O A AR5 Falgtt o] AEdoA ve =
Are A=Yl 3= IPset AAIA AA e At o8 7§
Azt Bar o] AAARAE Badn

A5 A HT odsme B FATY AR

OVSA(Owens Valley Solar Array)= %27} ¢F 1,220mell ¢ A
kil Ak & B thrlel] gk =2 i3] vlolaARg #S5S
Fdste B A& HAu #SLolv dAAl 71719 wide 1-18
GHz®] 45719 Futel s B gFs #5star Jom 2m <t
37Kt 27m QHElUIE o2 A H o St
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Aup olmA] (OVSA

a9 71 X-ray =99
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O Z7zre] <HeY+= gl 71 (0 ) SFEl Y (log-periodic) & =
1-18GHz RF, %& & 3%, Ad2k:, @& 34de FET
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3 21. RSTN¥ SBRL H| 1

per record

RSTN SBRL
. ) linear(<1GHz),
Polarization linear )
circular((1-18GHz)
No. Freq's sampled
8 120

Frequencies
tuned(MHz)

245, 410, 610, 1415,
2695, 4995, 8800, 15400

245, 410, and 610
(up to 5 samples each),
1000-18000
(the rest of 120)

Single or Double
SideBands

1MHz SSB below 3 GHz
30MHz DSB above 3GHz

1 MHz SSB below 1 GHz
40 MHz DSB above 1 GHz

Sample period 1 40 ms

sec
(per freq.) (30 ms of which is used)
Sample oder simultaneous sequential

noise diode

Stabilization na
(sampled concurrently)
Update period 6 sec 9.6 sec
Burst Detection )
various 50 sfu
Threshold
Burst Location
na 500 sfu
Threshold
) ) < 3 arcmin (for freq's > 2
Location Resolution na
GHz)
% SRBL : =%3}% 1 &40 & RSTNAZ~HS A4 A
SRBL : System Wares
AA geld 771E et 2o e Agew TRt
(1) Pedestal - SFTHIY - 52171 - Ao
(2) H==z-9 / A5FH dx==a

- 157 -




dual
Yagi

245 MHz
feed 410 MHz serial RCI

spiral RF receiver IF backend Control PC
elex

DC power

analog | A/D
__stobe | parallel
&TTL serial

Vo
< |spiral
P

6 foot

GPS

reflector ¥
receiver

/ = sector
(\’ED motor l several

rﬁ;fr:t X & limit § <— hundred —>
(A2

feet serial
I ? sector
mutgr antenna serial ACI

limit
—

cg?w:::l
19 74. SRBLO| Al~®] 3%

printer
net

Analysis PC
contiel desk-rack

I> ot

D F2HES 1 50° < Az < 310° 5° < El < 175°
@ =¥ Alo]l= : ~7.25 arcsec
( Az=0° : H=(local north), El : 90° : % A (zenith) )

(3) ZAE 2709 o] X7]AlA e o] Hx
(D sector-vanes©] 7}2A 2= AS A A
@ vl 709] limit tabell 3k &%

(4) &zt

@ F 7h¢] 8-bit &2 H=ol o] =

@ "} 0.5xm Yol E

© relu-FFEZTS] 100 MHzo AlE]d IE#Hlo] 2~ H]F 7] 4
o=z wvyl
( Fd &2&2 7.25 = 105 / 256 ~ 47° / min )

16-bit 7}$E HE 2"l Ed G,

A et 712 ACIE B4 doz wmy,
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Al 6 2 GONG(Global Oscilation Network Group)

GONG HolME "B 538 1sS #3389 gF 49 A744
S dE GONG 71719 543 2% SOHO/MDISE w9 fAL
st & F74°] 28cm<l WY A, Michelson 7Hd ZE, H3F A
of TAZ FAHIL, 25% 4 Edee CCD 7HvetE o] 83519
A7 S vjEuit Ao g 5

a"l‘?\/]\

1. The Big Bear Solar Observatory

7} 9% @ Big Bear Lake in the San Bernardino Mountains in
southern California, 120 km East-Northeast of Los Angeles, USA
U #= ) 97 - 65em(26inch),

=AW 7d - 25cm(10inch), 20cm(8inch), 15cm(6inch)

o #= g 3", 5" 9 @599, H-alpha full disk ©]7]
A, TEAI olm ] 1 9] FgskE olu] x|

2. The Mauna Loa Solar Observatory

7F. ?1A] : a lava field on the northwest flank of Mauna Loa on
the i1sland of Hawaii, USA
Y. 3= ZH] : Chromospheric Helium Imaging Photometer(CHIP,
1083.0nm),

H-alpha prominence and solar disk monitor
(PICS, 656.2nm),
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Mk4 K-coronameter
o}, #= W4 : Helium-I Solar Disk, H-alpha Solar Disk &
Limb, White Light Corona

3. The Learmonth Solar Observatory

7}, 91 ¢ Exmouth Gulf on the North West Cape of Australia
v A= A 0 25cmE AU A A,
Ao 7 851 Hu 3 (245, 410, 610 MHz)
A& 24V H 5 (1414, 2695, 4995, 8300 MHz)
A5 1 "HE (15400 MHz)
A= A,
ionosonde
o @S g Y 2 99, 224U 25, ATAVE, S

4. The Udaipur Solar Observatory

7} 1% western India, midway between Delhi and Bombay
v, #= ] @ Full Disk H-alpha Telescope,
H-alpha Spar telescope,
Coude’ telescope,
GONG telescope
o} #= At 6563A H-alpha #3341, v}k

e

HE 599y
5. The Observatorio del Teide

7F. $1#] : the island of Tenerife, in the Canary Islands off the
west coast of Africa.

1}, = A4 @ Solar Vacuum Tower Telescope (VTT), 70 cm.
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THEMIS solar telescope, 90 cm.
GREGOR solar telescope*, 1.5 m.
Spectrophotometers (MARK-I, IRIS-T, ECHO)
High resolution photometer TON

o,

r
A\

IR

Fourier tachometer GONG

S B BEY

6. The Cerro Tololo Interamerican Observatory

7F. 1A ¢ 500 km north of Santiago, Chile, about 70 km east of

La Serena
g B3 g

4.0 Meter Blanco Telescope.
4.1 Meter SOAR Telescope

Small Telescopes (1.5-m, 1.3-m, 1.0-m, 0.9-m)

3 22. GONG Aol E

site A= A 1
Big Bear N 034,15',37.2" W 116,55',17.1" 2063.1M
Mauna Loa N 019,32',10.1" W 155,34',33.3" 3471.3M
Learmonth S 022,13',06.6" E 114,06',09.8" 14.7M
Udaipur N 024,36'53.8" E 073,40',10.9" 676.9M
El Teide N 028,18',03.0" W 016,30',43.0" 2425.0M
Cerro Tololo S 030,10',04.2" W 070,48',19.7" 2190.0M
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A7THE ARATE NFAY 2
1. #3717

7} IRS-1 (30-100 MHz)
Resolution Bandwidth : 100 kHz

Video Bandwidth : 3 kHz
Sweep time : 0.5 sec
Frequency range : 30 ~ 100 MHz

Detector : sample

. IRS-2

Resolution Bandwidth : 300 kHz
Video Bandwidth : 10 kHz

Sweep time : 0.5 sec

Frequency range : 100 ~ 500 MHz

Detector : sample

o}, IRS-3

Resolution Bandwidth : 1 MHz
Video Bandwidth : 10 Hz

Sweep time : 0.5 sec

Frequency range : 500 ~ 2500 MHz

Detector : sample
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2% 75. IRS-13% IRS-3 <telLt

a7 76, IRS-2 <HEIY
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IRS System Block Diagram

L E’_

Data Acquisition)

PC
B 'I LAN

. e

 As-2a20 =
J Data Processing
[:l — ‘Workstation

-
Antenna Control
PC

{ ;
IRS : 100 ~ 500MHz m

EPF : Band Pass Filier LNA:Low Noise Amp. S/A: Spectrum Analyzer ACU: Antenna Conirol Unit

a9 77, IRS Al2=Hl

BZelo] M6.73 dd 3 I o] Fo 00:58 UTel 7]2Hs}
LASCO°llA #5% CM Aol 01:14UT 744 A &A1 7HS
=t} Harmonic &4+ ¢F 16% &<t ] 250MHzel 41 58 MHzE
A YERRTh oleld dapEd {3 N=HHo IE4 shock &
= BOOkm/SO] =3

c5
1o
@
S

H mﬁ w2
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FREQUENCY(MHz)

TIME(UT)

FREQUENCY(MHz)

08:00 08:18 08:36
TIME(UT)

979, 7 IV Ay S

1999 d 7€ 280l AT HApE
UT) o] 08:12 UTel A #a}e]

IV 1400MHzel A 160MHzol A4 4

( 29 May 1998 )

08:54 09:12 09:320

( 28 July 1999 )

Y Ve &

09:4

S
G
3
=2

E
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3) 19999 10€¥ 27 - Mk 7§ 19 7% I

IRS (30-2500MHz R+L) 99/10/27

2600 .

1501

on

=

&
|

FREQUENCY{MHz)
fat]
o
=1
|

80 =8

04:20 04:26 04:32 04:38 0didd 04:50
TIME(UT)

29 80. 78 II and & I A3} &4k (27 October 1999)

2o
%)

o 59 M= 04:28 UTell A12kske] 250MHzel A 30MHZ
of Ax vehwka, §3 IIE 04:31 UTol ©Aste] 04:35 UTol &
o] Wt 73 I+ 7|E W& 80MHzol A 45MHzel 23X = 7
3FA] YFEFSEIL, second harmonic& 170MHzel Al 8OMHzol| A= 1}
Ebwttl. o] shock 4=+ 1118 km/s& vhERRET)
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&
J

vk 58 09 #3810

IHRAS (25-2500MHz R+L) 99/10/27

2000

1000

abo

200

FREQUENCY(MHz)

100

30

T TTTH

R 1

LisH 05:00

=3
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=
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=3
Y
=

TIME{UT}
HiRAS (F5—-g500MHz B+L)  99,/10/2%

2000

1000

abo

200

FREQUENCY(MHz)

100:______._.".:.'.'..". B

30

= 1 1
08:00 07:00 08:00
TIME{UT}

HiRAS (25-2500MHz R+L) 99/10/27

o
=
=
=

2000

1000 2048

abo
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200
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100
0dB
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TIME{UT}
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2) Culgoora &=4

(1) Culgoora - HI+F¢ 73 II (28-5-1998 ~29-5-1998)

a9 82. el mlal ojwA| 1

(2) A3 £9 109 O (26-10-1999 ~ 27-10-1999)

o1 83 Arel vl ojm A I
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3) Ulysses spacecraft

(1) AupZ {58 10 ( 29-05-1998 )

19 84. Ulysses Type II ©]w] A

(2) AuFd F39 IV (28-07-1998 )

13 85. Ulysses Type IV o]w] A
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(3) AIEZ G I ¢ I ( 27-10-1999 )
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. USGS(U. S. Geological Survey)
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Links
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National Aeronautics. + Wisit the NASA Portal
and Space Administration + Goddard Home
+ SSEDSO Hame

+ NSSDC Mission + About NSSDC + Frequently Asked Ques! + Search + Contact Us
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g 1 |
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2. SAMNET
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3. IGPP/LANL

LANL AdAE A= Ay XYool t)dH(University of California
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(type II radio bursts)S TAAZY. A 28 AgZd2 300
MHz-10MHz® 3735 7FAW & Z#oor Hd7| & Fdst=
A9 AR w3 o5& mEY & WE(Coronal Mass
Ejection, CME)¥} 374 Ao Z=dsl= moyx 4 2HSolar
Energetic Particles, SEP)e] o=z d#HA rh. Zy o] wHAA
o AFHe 1 duUA Y Fepznte] A5 Weke Al 48 dAuE
Uk(type IV radio bursts)2 300-20MHz 3ol A Zd o] o A7}
Haro Zgsh ¥ 10-20i Fol AlFete] & AZbst AlLSH
Zdole #=L oy I HoA et F2 Ha, XA, dut
ol W2 #FHo] olFofXtt. Yy FIHFS Gl AFTS

|

wom XM soft XA #HFo] F2 &gt} mlolam 1o A
o #F2 I BAgle]l B olFoAd F AN F F#H ool
FAEM Zeo]o] WAL e JRE EFetA] ¥=Th Ha
Edol7F 29 108(a)ell BoAA™ 17 108(b)ell Al two ribbon &
glo] 2 w3

slal 9l dlvlE(seahorse) ZHAE & 4 Jr} 3
#HS EE5S a9 10994 B 4 b e ES
Z o7t BAEY] & AE Aol Ha @A yEldt) ojs2 =
o7} Hasbgol Al A et Addn. o5& 43w (flash
phase)gtal H=2w 29 10894 RAAX= vle} o] Hard
X-ray(HXR), Ha9} mlo]m 23} A|7|o A FAlo 23 F71E H
A tH(Zirin, 1978). o] wl ZF# o] oA = A= Lo A
of ZFHEY. Zdojrt ol AAE AFL Zdoirt & ¢ dAT
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del 3l
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ol

ol

Tor
N

o Frhxe @

KeN
=]

A Azt gy} wA] th

Ao} soft XA (SXR) A7)

b

S

e

2] o]

x
=

19 108-b Two-Ribbon

19 108-a Haz #3% =g 9]

ol

b H

4 109

vl & 1

°|

)

A (SXR

13 109-a soft X
(Yohkoh, 1994)

7] &= olm A (1996)
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2. &

+

o]

=
a7

i

7}, & =9 (Thermal Flare)

ANFH FEve] wHAQ 7de s vEivdeE A4 e ®E Ha®t
sft Xtjs(1A - 8A)e 2 # #A=5HH HaZd# ool dddoe=z XA
Zdole] &x7F =1} Ha 9ol 2e <€ —‘j—fiﬂoi(thermal flare)
o} Z3t Z¥ o (Optical flare)E Y3t 1 7FH+ Ha Sdoje W

A A7IE 7Iele 2 E 23% #o] FiEste H o] EFHHS 1966
W TAUNA I8 H o] % ARG EIL vt of7]e A T 8= -7
Arg-E Zd ol A (flare area)S SI @92 YEhAE o33 2o
¥ 23 B3 Beold WYw Faw
HHFQE kel 7} A dE A< SXR
(Areal importance) (millionths) (sq. degrees) T
S < 100 < 20 C2
1 100 -250 21 - 51 M3
2 250 - 600 52 - 124 X1
3 600 - 1200 125 - 247 X5
4 > 1200 > 247 X9

100 millionths = 3.04 x 10"m’
1 square degree = 1.48 x 10Mm?

sl Z#ojeo] ¥rr]e] uwe} F(faint), N(normal), B(Bright)® Y
A =d 9 o]l9 8 % (importance)® 817](intensity) S A4 3}
P 4 J=E N, 2F, 3B5 3 #o] ek

19 2 A
ol

il
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i

Mz 2 X o 2

EYo] drolA 7 Fadt
= g 734 2 WsE

EeEE 4x10" K Aot} XA
g EiEEd 98 #S5e 1—8AﬁJrZJEHv4 X/}j =1
$} 7 Al E] (Space  Weather Prediction Center) <]
(Space Environment Laboratoty, 1993)o] wt=m 3% 249} 7t}

i
g
2
N
N
we
o rr

il
=)
i
><1
[
=2
LI V<)

ETS

¥ 24 X-A Zgole A BH

Peak, 1-8A
(W m-2) (erg cm-2s-1)

I1<10° I<10°

Class

10°<1<10° 10° <1107

10°< 1 <10 102 <1<10"

|l Z2lo0o|w

[ > 10" I >10"

o ARl Zdo] A

CFIA] <=(Space Environment Laboratory, 1993) =
McMath-Hulbert #5494 Helen Dodson Prince®} Ruth
Hedeman©ll 2]s] 31qt=lv}. o] A= H345 Z@lof dd& A
Hole= Wi e stu=z AFEET CFI=A+B+C+D+E 9F o] Fo] X
I 7pzre] A& ofgo] AHEo k. CFI9 #& 0~17¢ HY
2 Yty CFI A2 #& Z2e 45 Zdojd st A58 ¥ s)

7F dASHA S BoRE dET 5 oglomn 10 o] ;e e
= 1
=



DA HY Zdojz A3 o]2F Wz i Fald 4
FNE F= SID(Sudden Ionospheric Disturbance) @4 <
olo] T HIFH = 1~3 Aol S 7AW HE XA
golo] Bl 9t CHL 1, MAL 2, XH2 302 Yeyh

rJ

ll

2) B: Ha Z#o]¢ o5& 1~39 HYS zt=t} B34 o
o] ZQa w7} 30|40 A= BT 30w oI g st}

3) C: 10PWmHz! 992 JeW F34 2800MHz A 3te]

4) D A ~AER T ApH
Type II Burst = 1
continuum storm = 2
Type IV burst =3

o % uerdh

5 E : F394 200MHz9 A3A7]1E 10%Wm Hz' @99 =1
o2 et
2. ZEo] A o H
ZHo] dH=

=
72 dnsel A7
An 3% ool

= CMX¢ +
Ao TS u A= M, X %3]0194 g

°
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7 FUE SHER(Zp)E o8 M, X Sdolel wAF n

Zy Edol Zpcot Hi M, X Z#Eo]e] A= LHI #A
(Bornmann and Shaw, 1992)7} =4 ¥ 5= W # Bornmann
7 Shawdl 9ste] AFHol Wy #ZE WHow (1) A&
IDL(Interactive  Data  Language)$] SVDC(Singular  Value
Decomposition) == o] &3t Al aj=0,1,2..nS AA3}FA T}

3)(xi)=a0+jzn‘1ajxly- (1)

A= del® 4 (=12, .- )= FH EF Zpc o W
(n=17)¢] 77 42 sigdsEm 4 27 7F 85 @ dAsd

y=wotwtw, 3)

?ﬂ% I }}.CLU% o] 7] o] A

y=10box Wix Wyx W, 5)
2 UEd = Uk ol AE ndy 21 wdo wE A A
¥+ Bornmann¥ Shaw®] Z¥9} A3 dAste Ao= &Qly
Rom 27 Rdo] Huh L AAAALS HAFAT 24 (1)F
A @l e ezl sk Fe] Zpe HlolHE  gkel tidste]
A Ao FHo] WA F& FstaA oy Fd M, X
Feo] 7o AAAN FHo] DA Feke] T AolE oK o]

We Ag 3 4 Qo 9x 54 uolg e Zgo] uolee o

o m{ o
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AYES e

o v pE

i)

2~
T AATH

. 2o Al7] odx

ZYo] K= tF-E Multilinear Regress

ion "4 (Bartkowiak,

1984; Neidig et al, 1984; Paszkiewiczm, 1994; Bornmann and
Shaw, 1992, Wang, 1992)< o]&3dle] o]Fojxa glom H A
o] A Al IDL regression 3+E o] &sle] o ® Axst Tt 3
T-HolH, XA E#o] dolg % 33 Zdo Holy 9 4
OJEI7F ,, &2 FolX i T thaEe FFele XA Al7let M,
XEelolo] F7F )0l FoAA ok A4 (6)ell osf =l
olel ¢} 1 thgdel FHdlo] Al7IeE el wigh wAVE 2 ET

y(x i) = zlafx Ul
=
agtaxtaxystapxst..........

1714 n2 dE vlolE 9 seoluh. Ed ZHz}
ote] #AEE= Correlation == YER =]
gol= vt 2
2
R= Zl(a]%“ : multiple-correlation 75
1= sy

DAA dE dlolH ek =9

ERi T}
2
Rjk:?‘jsﬂt . linear—correlation 7<=
Pk
Dozbzre] Y dlelH e =H
e

A7A @, = T 2o,

5%’ 52// ﬁ Z(xl/_x)2
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(6)

o9 9
o] 5 A 5ol

(8)

dolElgte] #ANE 1}

9)
dolg eke] AAAN=



Sjk: N_]. ;(xl_,xlk— x]‘xk)
Z} correlation Al g2 1ol 7M7h&5 7 doly e dE dAA

o] At= As LI

AA BEEE 1977958 199497442 A GRS BE S
et B A== ¥ 259 #r)

%
AA ugel U@ HFES 5HS W el uwpeh BFat]
A et SRARRS Ase] ¥ Ao HEEo]
g Frow Al BEsel gd JIrE 74 SHA sPEE
i M, Xa Edlo] BAFE Hgste] JFPele] SHARVS
Al TIAZ AGo] B AWE AL 5 AU olHF W
Mow oxAAL Hdt M, XiF Selo] A5 Hgow 5
W AFES ¥Y 5 A
E 25 AA dwgsh B35l U@ o e
g g | 37 M, X7 49
4 23408 9 AA "
G T EX T Y T
AR EAEEREE R ETARE
VT dole| 48 | Ad [cloel Ae | e [dolg)| Ay | Ay
M | 62 | 69 | 5 | 5 | 67 ! 53 | 5 | 67 | 53
.] A
ﬂﬂ;;; X [ 6150 [ 4[4 [3 0 5] % 6
Mool 4| 67 | 80 | 62 | 57 | 46 | 54 | 59 | 60 | 52
e M _| 68 [ 6 | 6 | 67 | 8 | 65 | 67 | 8 | 54
W4 458 X 24 | 4 13 | 48 | 40 | 40 | 43 | 60 | 40
MsolA 49 | B0 | 45 | 57T | B | 52 159 | B | 4
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A6 dIddegdn SFIAFAT
ZUHY Al2H
A1AdA N L

A g dTHddAE dA 734 EYHE A~
HS FEEAUTh o] Alawle 27 1109 A9k o] SWPC(Space
Weather Prediction Center)9] FTP A® <} 443t oy LCD
TVe PCEYEE o] &3dte] RUHY st oz 24
dAel ¢F&4e e RE 3 ol &+ Urh ©=3
B Z o] &3o] SWB(Solar weather Browser)#l: AZEJ)
gsto] & AA HYE &5 ovAE EYUHY & F Utk
SWPCe}e] FTP 242 ZAAZE bolHE FH3Ele] KU E /o
A% BAFA stdew, o= A Ho= sEgt SDIP(Solar Data

Image Processing)gti= AZEHo]E o] &35}

37 BUHY Al2"2 SWPCAlA AlFstal Auj~2 1y
HEol 71249 822 it 28 FEER o] Fon

7}. Latest Image : Latest Mauna Loa Image

t}. Real-Time Solar Wind Data
D Magnetic Field Bz dial
@ Speed(V) dial

@ Dynamic Pressure dial
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t}. NOAA Scales Activity

@O Geomagnetic Storms
@ Solar Radiation Storms
@ Radio Blackouts

2}. Auroral Map

u}l. Solar Cycle 24 Prediction :
D ISES Solar Cycle Sunspot Number Progression
@ ISES Solar Cycle F10.7cm Radio Flux Progression
@ ISES Solar Cycle Ap Progression

v}, Space Weather for Aviation Service Providers
D Geophysical Alert Message
@ Latest 3-day Solar Weather Forcast
@ POES Auroral Activity Estimate
@ D-Region Absorption Prediction
(® Estimated Planetary K-index
® GOES-11 Proton Flux
@ GOES X-ray Flux

AF. NOAA Scales Activity
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A2 A ArAYE AZEH
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Solar Data Image Processing

=y ' Linear Display

8/
2/

BITPIX =
NAXIS =

MNAXIST = 13847
MNAXISZ = 10351
BZERD = 0.00000
BSCALE = 1.00000/
OBJECT ="SUN * fFul
TYPE-OBS="FULLDISK" !
| SEEING = 2/FAIR

CTYPE1 ='E-W ARCS" !
CTYPEZ ='N-5 ARCS' !
CRVALY = o/

AT T s

T n am E1 TR 100 19

29 111, SDIP 2@ g, g E4x28 2ZEg o SDIPE T-53)
o] A2 Big BeartlFitte] HFY. 5 ol FITS ddF 2] 2
25 glo] A Elkdwu Aol

AR7E BAE o] glow =
e sl ~E 9ol vERY T ShiftE FEI w2 E
dHF Aol veby =

% Fheel st 4+ ek

il
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Solar Data FTP

Hosl otn nascoem nasa qoe Fort |59 Usod) | 3 15 [ M.'"T"
o Einary
List | Change Dir | Delete Download Upload Clear |  ASCH
Response:ftotal 15384 ~
drwar-sr-z 6 600 1064 Dec ©& 2000 CHE
drwxr-xr=x H A0 16932 Nov 19 06:13 LATEST
W-T==T 1 600 TE46880 Aug 20 11:26 MewEIT-2006.tar
drwzr-xr-x 9 600 1836 Oct 15 17:53 REPROCESSING
drwxr-xr=x 11 A00 1612 Sep 10 17:13 ancillary
drwzr-xr-% 5 600 1438 Hov 12 13:32 archive
~IW=T=-T== 1 600 259 Oct 13 1999 archive-stats
= IW=p==p=- 1 00 3666 Dot 22 15:42 archive.html
™-T--T 1 600 3513 Jan 19 2007 archive.html®
~IW-T=-T== 1 600 2416 Mar 24 2006 archive.html.20060324
drwxr-xr=x 2 aln ZHY9Z May 18 2004 cataloguons
1rwErweTwE 1 600 21 Apr 21 2006 catalogues.html -» catalogues-<inde
=IW=T==r== 1 600 6005 Sep 10 15:01 data.html
= IW=p==p=- 1 00 6HSY Do 19 2006 data.htmlX
™-T--T 1 600 55 Hov 19 07:15 dsn_contact
~IW=T=-T== 1 600 73 Hew 19 07:15 dsn_surrent
= IW=p==p=- 1 A0D0 1 Nowv 19 07:15 duan_handover ~
< ¥

% 112, SolarFTP A&, 9dS e Wi st

= Aa A7} 7Fs 3k SolarFTP X~ =131 © 2 Hostoll

5 dHEst HE&sta A
o

A3 5 A

el wagets Qe F

=
wel WEe) r2d Rol¥ Bw

b

Nl

RL Liwiwr wwp nosa gov

- Mational Weather Service ]
'\/ Space Weather Prediction Ce
Site Map News Grumkzation Search

Top News of the Day Realtime STEREC Beacen selar wind and partcls
data online

Current Space Weather Conditions

SWPC Home Page

Current Conditians splays Popular Pagas -
AlsrtsMarmings
Space Weathar Now
LD RETTER SR Latest Mauna Loa Image NOAA Scales Activity
Data and Products

Alertz & Forecasts

Reparts/Summari Range 1 {minor} 1o B (extreme)

Space Wx Modsls Pa

SolariGao. Indices hours Current

Measuraments e Storr rann nosa
rann now
nano none:

Satelfite Enviranment Plat GOES Solar X-ray Flux
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2. HgEE 94 EZUH

BFEES 94 2L AR dolHE o HAZow nol

SDIP(Solar Data Image Processing)529 AZEYo]E o] &35t

wUE el Azsdold

% 115, LCD TVE o83 EYUHE Al =H
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A 4 A SWB(Solar Weather Browser) 42 X E ¢ o]

<CME>E T*ﬁé%ﬂ SOl =S wEAE %—%*lv‘d AVJOIE}.
S EZLE 171A EIT7H SR &
% AE 3 NOAAZ IS s

Solar Influences Data analysis Center(SIDC):= Al|Ale] 3%
kB0 TSHAZHE BSE HolHE EAStY HYE SHASF

(Sunspot Index)E& A|-&3star olg]sl g o=w RHE SIDCE
H AR St EH S Eﬂokﬂiol YA WMAAZ oHst A
Ta= gdxde] ME A 4AFstn At =@ SIDCE SOHO
1730l HAE EIT7]7] ]‘“Oﬂ st &dlo], =&, CMEY]

A olmx= mUgHy s 4 %D}. a9 1162 SOHO/EITOM
=5 g oluAE HojFa
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a9 116. 195nmeol A #=¥ SOHO/EIT 9]

A

SIDCe= A3 §-Foll #5775 532 S+l Brusselsel
9]+ USET(The Uccle Solar Equatorial Table) WH7Z2& wjd
white light®} Ha ©|v|A & &35t Aok 29117 2002 ¥
179 USETelA #=3k B o] m| A2 4 %S white light, &
%<& Ha olvAE HoFa vk 2003d58 USET o]w A
SIDC §AtelEo A A& oL dth(http://side.be). =3 HHEFe &H-
Hdom ekl B SHA T e BRE Aest
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%2 white-light USET o|n|#]. &% Ha USET o°]

n] A,

SIDCE &~ZESJolE Adste] wfd 2443 &2t +

olH| X & EUH ] AMH]AE AlFetil doH
HolH = ARERE0] HA d2= & F = i
. SIDCE Zdo] dr, A7) &% 28lal 10.7cmolA #=9
2 A71E AFsta vk E3g ESA Space Weather Pilot
Project24 GPS #4& &ste] s dAeEete & dA+
(Total Electron Content, TEC)S FA3dte] 737 wWglo] <3tk
A5l WelE AFsta Aot

fo o2
(ot

Moo S

)

2. 537 B9 or (Space weather reporting and

forecast)

7}. Fast threshold alerts : Z# oo} X A}7] 53 FHH dH=Z

A ZY o 5ol M0 o], K X715 o]Ao]d AXZE o]

A A ] AA o2 o BE 3

L}, Fast alert Messages : HY39 X HUxE &3t F241}
7

A BT ZEol(> X1.0), ML= CME, A&7 A¢7F 3327
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A HW wEA $F8Y o MES dnE s Axsgol

t}. CACTus message : 9= CME o XH. SOHO/LASCO A&
A 39 FQF #AS CME #= dolHE CACTus 2AZEH o

2 HY JHE F= Aot} of7|o= principal angle, angle
width, radial velocityS X33t}

2}, Daily Space Weather Report : 10.7cm radio flux, provisional
sunspot number, sunspot/active region, coronal hole location,

CME occurrence % #Z< IS vjd H sty o W13

b Weekly bulletins : A\
A AHRE A2 gy

SHEFS Zgt=vl, A7 5), XA A4 WA KA,

Hl. Monthly SIDC bulletin : 3+g st S A4 ®H3stE AHH
B Sd s 7] A4 WgtE vastiaA gs 3 ke W)
E oS3t o rstE= Folt),

3. 2T Ed o &

7}. Computer Aided CME Tracking (CACTus)

ooz o
S ole @ e
WA E 5 el 4

Hdstr] M= 3-
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7} " a3ttt o]y gk o] E CACTus ("Computer Aided CME
Tracking”)ol2}t Efle A2ZEJOES Adsddy. CACTuse
Hough transform< AF&3Fe] bright ridges® CMEE 7HA 3t}

2ae] ZYdoHZFE CMEY oWE dJIx, A AR
principle angle, 7} &eol, #4H =5 45 5 AUvh HIol= =
2O9E FAAA T AANT BS5AHE AlEE S Al
3 Ao} (http://side.be/cactus)

15h18 15h54 17h06

138 118. 2003 11€¥€ 119 CACTusel 938 #=% CME Z2R<5
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(8 Sotar weather 8o Z‘EW !_i Salar Weather Broveser mE=]

[ Roow | Bt || Qusena |

1}, Solar Weather Browser

SIDCe 9]3] Alr¥ Solar Weather Browser (SWB)& H o] ]
A ERkoty el S8 AHE B oot HoHE Alst
i At SWBE v Zo] 7HAE FAE Jth (1) SWB
back-end sever, (2) SWB user interface, (3) SWB download and
user support website. ©] AB o= ALExEC] ¥ = vl
E 9jA9F 2 ool 3 Wagtes ojnA

A

“
= 7ro] A
o Nz ds4ese AL B 5 W Agsn Aok

H
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A7 A A A AL

T ko] Fujoll A A wiel A FA3 WEsH

1989 3¢ 13, 140 Ay Z:%‘Q?‘{ A7) E3E 0] Fuitie] ¥
|57 Ao $HAAMNL F&F= F 200,000 Megawatte] A
= °lgd. HF < = AAAR R AL AR
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l-ﬂ ox Ao 1o

Mo oox o

L:_ﬂ SR I??]_—H]?:]!_O} 911 S5km

19 6, 11 Ak diqt2e] = 2 (CME, coronal

Mass Ejection) wWj&o] AAAEAS &3 ]3 AT&TAHY] &

294 Telstard01& 9] 3| 2kdo] WASA FHo] 9do|y =

He galE st oF 29d o &Aool WAt 53] 2003
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rLong G OW FW ¥:S
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d 109 28, 209 A FHEG HIZ RS QAR T A4S
Ak GA W SR erAole R SAHAM ez

A8 AAe Aze E4S Aok FEvete] At = o
A 9 ofelR25 e =T HAAAIET 6u] HWol "Wojxlon FAl
HdQ T A=A WH A
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Space Weather Message Code: ALTKO05
Serial Number: 566
Issue Time: 2007 Mar 06 0323 UTC

ALERT: Geomagnetic K-index of 5
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Threshold Reached: 2007 Mar 06 0320 UTC
Synoptic Period: 0300-0600 UTC
Station: Boulder

Active Warning: No
NOAA Scale: G1 - Minor

d Al T3 ASH A
o. HFrHoz 3 C/N Ha
2006.10.8 11:01 - 9.2m <HE 8.8 dB #4a

(B
12.2265 Gh
~ 11:02 “ | - 75em orelL( e StEIL)

Ao 35dB 74

o, Y7oz 2% C/N A
2006.3.6 11:26 ~ 92m S : HU)94 dB i
’ 12.2265 Ghz m e {rﬂ

11:27 - 75cm SHEIVH(AEH <HH L) ¢

Hd 35dB T4

Space Weather Message Code: ALTKO04
Serial Number: 1149
Issue Time: 2006 Mar 07 0249 UTC

ALERT: Geomagnetic K-index of 4
Threshold Reached: 2006 Mar 07 0247 UTC
Synoptic Period: 0000-0300 UTC

Station: Boulder

Active Warning: Yes
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4) 298 Ao A 2 SWPC L WAl

& Al [FOE IS B4
OHY A FSo= gk s FA N (FE7])
a. A9IA: PAS-8, Telstar—-10, Measat-1
b. W&ol At
SR R NES IE a4

2006.10. 6 | 3,940GHz BBC WORLD 09:19 ~ 09:27 |Signal Loss PAS-8
3,880GHz | |oNN 09:23 ~ 09:26 |Signal Loss | PAS-8
3,920GHz

BBC Prime 15:00 ~ 15:02 |Signal Loss | Measat-1
Disney 16:03 ~ 16:08 |Signal Loss | Telstar—-10
AXN 16:03 ~ 16:08 |Signal Loss | Telstar—-10
O A RSO E AF A FAFAGETD
a. 914 PAS-8 Telstar-10, Measat—-1
b. W) A2t
3,940GHz kg Al2t (1E= o
3,980GHz BBC World 09:19~09:27 | Signal Loss PAS-8
3,980GHz ) .

2006.10. 7| 3'g40GHz || Animal Planet | 09:23~09:26 |Signal Loss| PAS-8
3,880GHz Discovery 09:23~09:28 |Signal Loss| PAS-8
3,920GHz

BBC Prime 14:57~ 15:02 |Signal Loss| Measat—1
Disney 16:02~ 16:07 |Signal Loss| Telstar—10
AXN 16:02~ 16:07 |Signal Loss| Telstar—10
OHF g Feo AT AN FAFANGED
a. A4 PAS-8, Telstar—-10, Measat-1
1=
s.0a06H, | D BEGNAL
3,980GHz e S
3 980GHz Ferd Al 24 . (E=3 o
3.780GHz BBC World 09:18~09:27 |Signal Loss PAS-8
2006.10. 8 g,gigg:z Animal Planet | 09:23~09:26 |Signal Loss PAS-8
.10. , S
3,880GHz Discovery 09:23~09:26 | Signal Loss PAS-8
3,920GHz CNN 09:22~09:26 |Signal Loss| PAS-8
CCTV 13:56~13:58 | Signal Loss PAS-8
BBC Prime 14:58~ 15:02 |Signal Loss| Measat-1
Disney 16:02~ 16:06 |Signal Loss| Telstar—10
AXN 16:02~ 16:07 |Signal Loss| Telstar—10
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2006.10.
9

3,940GHz
3,980GHz
3,980GHz
3.780GHz
3,829GHz
3,840GHz
3,880GHz
3,920GHz

OHlY A
a
b

ooz Q3 o YA
. A9 A PAS-8, Telstar—-10, Measat-1,

BN
T

A (F271)

e Al2t e ?ld
BBC World 09:19~09:25 | Signal Loss PAS-8
Animal Planet 09:24~09:26 | Signal Loss PAS-8
Discovery 09:23~09:29 |Signal Loss PAS-8
CNN 09:25~09:27 | Signal Loss PAS-8
CCTV 13:55~13:57 |Signal Loss PAS-8
Ente?e%gment 14:56~ 15:02 |Signal Loss| Measat-1
Disney 16:03~ 16:05 |Signal Loss| Telstar-10
AXN 16:03~ 16:05 |Signal Loss| Telstar—10

Space Weather Message Code: ALTEF3
Serial Number: 1174

Issue Time: 2006 Oct 06 0504 UTC

ALERT: Electron 2MeV Integral Flux exceeded 1000pfu

Threshold Reached: 2006 Oct 06 0500 UTC
Station: GOES 12
Observed Yesterday: Yes
Yesterday Maximum 2MeV Flux: 10200 pfu

Space Weather Message Code: ALTEFE3
Serial Number: 1175

Issue Time: 2006 Oct 07 0955 UTC

ALERT: Electron 2MeV Integral Flux exceeded 1000pfu

Threshold Reached: 2006 Oct 07 0940 UTC
Station: GOES12
Observed Yesterday: Yes
Yesterday Maximum 2MeV Flux: 5100 pfu

- 2007 10¥ 8, 99 HWAIA =
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o Al [FDS IOt 34t
OEHF Hd #Feoz Ast a9 FAlF N (E17])
a. 4914 PAS-8
b. W7ol Al 2
2007. 3. 4| 3,940GHz
3,980GHz Aed A2t e A4
BBC World 09:51~09:52 | Signal Loss PAS-8
Animal Planet 09:53~09:55 |Signal Loss PAS-8
OEHIF T Fgo = Ast a9 FAlF N (E1E7])
a. YA PAS-8, Measat-1, Telstar-10
b. 4ol A2
3,829GHz
3,840GHz A4 A2t e 2y
2007. 3.5 3,880GHz A1 . - —
3 020GHz CCTV 14:20~14:22 | Signal Loss PAS-8
’ BBC 0y _q{E- : _
Entertainment 15:21~15:27 |Signal Loss| Measat—1
Disney 16:28~16:30 |Signal Loss| Telstar-10
AXN 16:28~16:30 |Signal Loss| Telstar-10
OEHF Hd #Feoz Ast a9 FAlF N (E1E7])
a. WA PAS-8, Measat-1, Telstar-10
b. W7ol Al 2
3,940GHz P S
3 980GHz Fard A2t . e A4
2007. 3. 6 3,980GHz BBC World 09:43~09:50 |Signal Loss PAS-8
T g!gggg:z Animal Planet | 09:43~09:50 |Signal Loss| PAS-8
s z
3,920GHz Discovery 09:43~09:50 |Signal Loss PAS-8
BBC . . . ~
Entertainment 15:20~15:27 |Signal Loss| Measat—1
Disney 16:25~16:30 |Signal Loss| Telstar—10
AXN 16:03~ 16:05 |Signal Loss| Telstar-10
OElY ] FA&o= A3 e Al (E271)
a. WA PAS-8, Measat-1, Telstar-10
b. W&o Al 7t
3,940GHz RN Al2t (BE=2 A4
3,980GHz BBC World 09:44~09:48 | Signal Loss PAS-8
2007. 3. 8| 395097 | Animal Planet | 09:44~09:48 |Signal Loss| PAS-8
3,880GHz Discovery 09:44~09:48 |Signal Loss| PAS-8
3,920GHz -
CNN 09:44~09:48 | Signal Loss PAS-8
BBC o {E- : _
Entertainment 15:22~15:24 | Signal Loss| Measat-1
Disney 16:25~16:28 |Signal Loss| Telstar-10
AXN 16:25~16:28 |Signal Loss| Telstar-10
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Space Weather Message Code: ALTEF3
Serial Number: 1278
Issue Time: 2007 Mar 04 0501 UTC

ALERT: Electron 2MeV Integral Flux exceeded 1000pfu
Threshold Reached: 2007 Mar 04 0500 UTC

Station: GOES12

Observed Yesterday: Yes

Yesterday Maximum 2MeV Flux: 5530 pfu

Space Weather Message Code: ALTKO05
Serial Number: 566
Issue Time: 2007 Mar 06 0323 UTC

ALERT: Geomagnetic K-index of 5
Threshold Reached: 2007 Mar 06 0320 UTC
Synoptic Period: 0300-0600 UTC

Station: Boulder

Active Warning: No

NOAA Scale: G1 — Minor

Space Weather Message Code: ALTEF3
Serial Number: 1279
Issue Time: 2007 Mar 07 1042 UTC

ALERT: Electron 2MeV Integral Flux exceeded 1000pfu
Threshold Reached: 2007 Mar 07 1020 UTC

Station: GOES12

Observed Yesterday: No

Space Weather Message Code: ALTEF3
Serial Number: 1280
Issue Time: 2007 Mar 08 0503 UTC

ALERT: Electron 2MeV Integral Flux exceeded 1000pfu
Threshold Reached: 2007 Mar 08 0500 UTC

Station: GOES12

Observed Yesterday: Yes

Yesterday Maximum 2MeV Flux: 7530 pfu
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Space Weather Message Code: SUMXO01
Serial Number: 61
Issue Time: 2006 Dec 05 1122 UTC

SUMMARY: X-ray Event exceeded X1
Begin Time: 2006 Dec 05 1025 UTC
Maximum Time: 2006 Dec 05 1035 UTC
End Time: 2006 Dec 05 1045 UTC
X-ray Class: X9.0

Optical Class: 2n

Location: SO7E79

NOAA Scale: R3 - Strong

Space Weather Message Code: ALTTP4
Serial Number: 307
Issue Time: 2006 Dec 05 1129 UTC

ALERT: Type IV Radio Emission
Begin Time: 2006 Dec 05 1034 UTC

Space Weather Message Code: SUMXO01
Serial Number: 62
Issue Time: 2006 Dec 06 1907 UTC

SUMMARY: X-ray Event exceeded X1
Begin Time: 2006 Dec 06 1829 UTC
Maximum Time: 2006 Dec 06 1847 UTC
End Time: 2006 Dec 06 1900 UTC
X-ray Class: X6.3

Optical Class: 3b

Location: SO05E61

NOAA Scale: R3 - Strong

Space Weather Message Code: ALTTP2
Serial Number: 681
Issue Time: 2006 Dec 06 1928 UTC

ALERT: Type II Radio Emission
Begin Time: 2006 Dec 06 1842 UTC
Estimated Velocity: 827 km/s

- 226 -



97 A

g

H

2 HF] A=

1l

Al 243 AA-

r T
Y Y zszx X w3 om
A o X —_— — &N —_
,UI 00 o = Ny io ﬂﬂ_ 3 ﬂ_Ol

= B3 mm = Y ! X ooxh
el A - R
CUN=! <R % oE AT 3 o

R ! O

o R X W . =
T ®_xFlo2 Besl @

. £l E = wood .
mﬂAwr%ﬂmMA = moyoidr_i
X o K ol ol A = o oy ol 5 =
o K T ®ooMa R
r ° | al
X X [rnred I ) i m= 0 On_

—_ ‘_.*m.‘._ o#a o ) T X X _Z,.# r On_ E.o Z.o
o O T = I 2 e

i <" oF _ = o7 — r K Eo
i mr o 5 ° = Ko < 7o °F

< T ﬂi_ﬂoﬂoraﬂ B OFE IR
‘IE_H X0 —_— 0 —_ JﬁNO ‘OI H_L J— X
— T N xm CC IR ™ 0 "N o
FHE T et HZTERE
9 o = H_n.ﬂ _dm ol N = o Wm T = ®
g N TE @ g S -
T oo DT ol o o W= - s
F g RIT T LT AR TR ERT
T NI S e I

X 0 ol WO wmo

50 o my ,m.zmmﬂr oxms%aﬂiu%
TR MR w N R o) B AT

TR o K Mo m of xR TE R T W

nhe} 2

stol At

Ay 9]

T

Ho(&Z)oll #=

T

AAA(UT)# 1

1

_l

A
z

2

k)

]

A9 (12002 A9

-

e 2% a2EyA ARt

o

X
)
=

1+

©

HG+ZE/weB)O] %E}

9

Al Z

BRI R

- 227 -

73
]—(H

s
T
.

Zbolt}, whgbA] 1 120004 =

AR A
EE

| AGe] &AL Hgol

A7kl L}

-

T

5

5

-

T

/914

A2t H

=

/91749 =g Y

AL Ard9z vepd o

9% A
FE 2ElYA] ALE VsoR

s

o

-

=

S
=

s

o]



ot
ol A 2 dAHA s e 199 2 A A AA

UT 0.0A]ll o gk
k A

a9 120, #H=X
AA19 A A2

i B AT I

JeJLX
(A2=0)

T YA BN H ()7 1S A o] #E Ve R dr
deolo] AAAZ el YA FHA Hy)T  SEAAA
th=00vr W AT IR FAA Ht) ol F Azl
A7 Zol(t—t))E FAAANZ vt AZHS Y& grolth EE 4=
veld 28U x AGA gu)E FEAR GER (1) A
7+ ek AT AR

o N g

(to) + (t —to)sr+ lp/we
)

X]Q%] }\12_1:7]_ ’ H(t):Hg(t() —l—w@(t—to)gT—i—lE (646)

A7 oA AZF bty W BRGNS AANZ e Folu

BFel XS AREA AN A AW AALA o
AEAo} FRE FFE ARLLL AFbed BANOE o) F
o A 3k i ok,

- 228 -



L

Hope] s FAA e A A% A

89 FAAL 1950 A 2050 Abele] Alzke] A48 A
T oY HEEV] #H3E7E oF 001%, wAIAE 0189 AYEE

AZE Zhell Addets ne AHFE J2000.000 4 A e geE 2

n=JD-2451545.0=-366.5+% I FAA 5= o+ AAA OUTA
AaE A F

Gzt g g AR
L=280.460° +0.9856474° n

A2t g=357.528° +0.9856003° n
L7 g Z+S 0-360% Alolel =2 %
meta BgTA FEAZAZ UERd B 374, F9 A4S o

v
H
L

7

+1.915° sing+0.0020° sin2g
SEBAE £=23.439° —0.0000004° 7

A7 (a9 22 Akl EA); a=1— frsin24+ (f/2) £ sindA
A7 A f=180/x , t=tan*(e/2)

A9, s=sin “I(sinesind)

A - FE A TSR] auw)
r=1.00014 —0.01671cosg—0.00014 cos2g

FeFEAZ e Hk 9= ve )

- 229 -



r=x i'+y i’ +2 k’

of| A

x'=wvcos fcosd = rcosA
vy =wcos BsindA = rsinA
z'=rsin B =

ol WA HYsAH A= HEAZ YehlH™

y =xi+yvj+zk

A7|NA Agle HAEdFA=2 ZAStY AEHE AT (4, y,2)
g3 o,

x x

v|= R (—9|y

z z

X=7cosSA , Y= rcosesind , z= rsinesinAi

TAIZHA Al AR = AL S92 EA
=(L—a) = * 603 (min)/15% (deg)

O

| B QFel A A el m=shs Al7E 0.0068Y =499 %

- 230 -



<]
KR
“

= 9 A w
B R o= b
WoRroM X®
e IO S -
X< E ° N
w g X Y
oy o KR
ol
~ oF N
Zﬁ < ‘l|| X iy
R N
. WoE I
TH=x 98 ot
Mozo B X o al
Bomowo A °
TR PT o < 3
~x X 5 S 00
= o + g £
TP owme -~ S5 EF
= %P T = = m
Mo R W g + T
AU o & | a X
R ojy 3 P ~ O
< o T + AR E:7
e M - Je Ve
— R E e B _ B —
u l’ ,w ﬂ ﬂ w ™ /.l\hvze X
T X o= o 3 PN
X —_— _ |
> fes BP LS |z R
x @ Nr
X S I
H S > W

p;itp;itork
- 231 -

x—ucosH

ry — R@
y— usinH

Z—U

o=
o] 7] ol M
0=
0;=
0,=



olg BEA F4 AAALAL TE Belztow e

[e]

p=po;stp.eto.z

05 O
0. - 1?2(900 _¢)' R3(H) —D32 ‘0].
Oz Ok Or
o 7] ol A
sin ¢ cos H, sin ¢ sin H, — cos ¢
Dy, = — sin H cos H 0
cos ¢ cos H, cos ¢ sin H, sin ¢

oo RE HEAZREH Y Aget 1k H A4S o
3} 2

o=(p%+ %+ %)
AZ:tan_l(_pe/ps)

al=sin " (p,/p)
olZA 3 =Wzt $14 9

1% Z} =
27gstH Ags] BFdadtgel dojy= Ade A58 5 vk

PcosalcosAz

\

<
W

% 122, A FEA

- 232 -



,m.o
o

EK

0

oW

o

F= 2007 449 204(=), 649 26€4(d) 29 11

3akelel A 7] H = A

wr

A 1A 39

A7 A 13 595

1.

D 3l e

02007 449 204 (=) 14:00-18:00

OEEER

g4

=y
e

X

4
o)
o

=)

)

<
KR

o

2) 72 39 &

3

@O AFRE 27 B G AE

2]
~

Ak 23 (78 2] o)

5]

s

@ ol%ol

- EFEEe] o

- 233 -



il

W

9]

3

7171 29
- AT A EEA ATE Az g

i) 2F7] 2ol A A

=
=

- AT AR

E

e

=

@ AAAARE T AT AL =9

H|

i) &7to] o]

oF
2

- KU-band®l] A
i) B4 "ol

- 12GHz S-bandell A

w

o
o

Nfo
o

Br
olo

0

ﬁo
W

Tor

Mo

gFo 7 Al latitude o7} o AH.

3

- A A7

- 234 -



2. AT A 23 995

1) 39 Nea

1 2007. 6. 25.(4) 14:00718:00
LS EF

@ 3¢ LA

@ %

e

i, &, KBS

o

%o
=y
i

mK

~H

2) 78 39 W&

ﬁo
o
Nk
o
o
ol

—r

0

1

ii) STEREO #14d¢] ¥

iii) 4 NICT ¢ STEREO ¢4 dlo]g

v) Yarel oj sk IPS

!

A
oW

=K

o
50

o
To

=y
e

X
N
o

==
1o

o
el

i
i3

!

=y

o
o
mjp
Ho
i

B/

)
&

- 235 -



i (KBS)

|l 3z

AL

i) 7]

o)
A

N

i
i)

Hlo

H

ﬁo

iii)

3) 271 3¢

D108 324 ANFH2 AEEE o] A

A2

ol
=

2

@

- 236 -



3. AW A 33 2%

D 3l e

0 2007. 11. 01.(%) 13:00~17:30

(S
Ao, 270l o]

1= 74
=

CERORY

o

71

Mo

Astgel AL

o] uwe

2) 72 39 &

o

o

K

i)
Tor

o)
T

3 S A=E(FE W)

o

g

Tor

o
ﬁo

o] 270 (SETsystem, Inc.)

0
B
mK

ﬁo
o
i+
o

o A7 (7d 3 oh)

of 1.

=i
=

S $F8A 744

~
UO
e

X

ﬁo
)

o

- Neutron Monitor inSpace Weather Research(Zth)

=y

=
=

AN 2 P

1

=740

)

- 237 -



o=
e Eol mE 27 A me}
of 3t AlEHoIA
- 20079 =5A B A3(TU #
= A HEA TA
B E A A 18] 9
- AR FEFE A E TR
n Fate] 87 AlE A

< 0|2 2F A0 THHISWPC] 1= £ (2174 9]9],'076.251
2FHNIAY Salmmgt Hem
sa| su | BHY BHE | X7 RENR
= s | oan | iE = | s | zmom
DA | (2RI | KK
D 2% 1073 2--3A|Zt O| A HFE Al =X,
5| ey | ool | 10018 |9 o e o | ¥ * *
. Lo ) LAIZH 0| & HFE A T,
a Tl = x|
1 BN oo | 100008 | 5| a2 * *
o) Lo-1 SLAE HFEA B,
-H{ X a m
2 E | oy [0l | 7| e dsemoy * *
g | sx10s 2%= S T,
o oBE | Geors |0 | 5| CRumwed s gyas .
gt 10-5 SR BN S0) 7hs
Ul G | oanopar | 10018 15 58 olu s 23 T1sy *
¥ 27. oA-HAH 55 7]5(9h)

- 238 -




FIDER

o7
i+
o

A 24

02007 1149 1€4(F) 13:00 ~ 18:00

Al

—

<
i)

~

;A_._

.

B/

w
!

X

il
<
1o

0

e
N~

Tor

o
ﬁo
e
N

|

%

W

=

=

R
e

o
i~

X

L

)A
Ho
‘o

=

o

g4

SEARER HA¥ 2 A7 39

43

¢
2

A
Ef

¢
2

A7

A

¢
g

o
Njo

L

E)

O

WA

2
=y

A
DR

Ar

B

ol

pa—

ol
T

!
Tor
=
oy
ﬁo

4
M

B

w

X/

4

B
=

e

X

e
Tor
=
e
_ZM.O

o

!

£ 0 o (F)

(F2)oll ol Ej A 2~ 6]

KBS

o
Tor
Toy
ﬁo

ol &

T
,ﬂo

Ny

==

ajo
op

o
To

;O.w

o7

el

el

it

0

o

ol
o

of
rzel

X

12

14
15

- 239 -



Fmeps AH HIN

B B2uSI0 s (HY STAMBY AANNN B g 5

L3 123, 9 A4F THA AR

- 240 -



A3 A=

O
1l

=

w

skt

ro] 4]

E

ohe-3t

)

ﬁo
W
H

s

X
N
of-

IPS,

CReh

dA7|#Ho = m= SWPC, 4 NICT, yarof

Al -84 A4 (STEL),

MHl 2 Alg el Tk Al

o

o

_zr!

AME (SWPC), w0k}

ojn
B

file)

N

Tor

o,

=1

5]

Z 7 o]

T

—_
o

A

ol

TH

il

{]

O o
= 4.

1

1=
=

- 241 -

SDIP(Solar Data Image Processing)& 7



Il

A

==
file)

=

N

"0

® o
o) B

]

495 AgE B QAT )

s

]

A

Lhelol A

AA S B

A

Folnr)

AA = At

bk =el Avta T

els

A2

o

o)
P

al

—~
110

o
=HE& AT

To-

==
9)

]

slel gy B

S
| Iy

itk ey wm Y

<
T

=
i)

T
H

N

"

o

o}
B
Bo

™
4

B!
w

g~

e
[
)

ﬁo
W
N
oF

ol
=

oA -7 o] BAlE

o

g
il
_XL

5h7)% 23t

T
) .

Al = el

.

<

3

8 i HEA AR

ole] H]

il
)

o

aig

)

ﬁo
)
H

s

X
i+
o

X

aig

_XL

ox

¢

aY]

—r

._AE

s 24 o

) Helel AAL

=
=

- 242 -



2. ¢d AF Qe Hu % Fge] ey
NA ggolE Be o] Mad AL oy Aol AU 4
e AEAe e Bug Awe Akt vholh

B Ao A= d3k IPS(nterPlanetary Scintillation) A3 ©] 83}
of SFHFAZA g FFS v H BIFTY olsAEE A
sh= IPSH I 49 AAES Atet= vlolt}h. o= A AE ©
&3 & NS #FAEPHAE iAo s v, A HAo
Sa7HoRE A4 % A&E F50] golotn A2 QYo EE T &
4 o] 7ks sttt

o= 2] SRBL(Solar Radio
Burst Locator)el]l AatdAtA7 2HA] g &dd & A =219 A

4 AL S B BG-A e $FAA ANl Folaof
e H

e JhAL }04 Z}=ke] o] ouﬂr A
a

o 2
SE
X
:L
OJ./
O
0%@
ol
=l
acs
oo
e
FFE
ON
e
OHﬂ
E
-
N,
=
Z
a
ﬁ
L

< IMAGE, ACE, STEREO%/‘ AR ol %}0%8}04 H| =& Hl%‘
Afuetel 2o AP RSE 8 HAT ARE TS
ATt APAY o FEz= A4 "AAe dAe Aol A

FE Folstel AAsE: WHE QAT A4 £849 3

- 243 -



o
il
Ao
ol
o

o

- 244 -



=)
-

=
=

A. ©

ok

[e}

FF 8=

1. Radio Observatory

A% AolE 5

HEa A #7171 delg 35 W& Ate] E(URL)
1 Radioastrophysical Slbeljla, ?56—d|sh radio full-disk images at 5.2cm, 1-D http://ssrt.iszf.irk.ru/index shtm
Observatory Russia interferometer scans
National Centre 30 antenna array
. )  |(150-1420 Mhz) 45 ) . )
2 |for Radio Pune, India . 1 antenna dynamic spectr. http://www.gmrt.ncra.tifr.res.in/
Astrophysics meter parabolic
Py dishes
. Zelenchukska
Special " .
. ya, North RATAN 600 0.9 - 18 Ghz one dimensional
3 |Asrophysical - L - http://www.sa0.ru/~sun/
Caucasus, Radiotelescope scans with circular polarization
Observatory .
Russia
I 169, 204, 3000 Mhz, 1 sec
. i Radiometer . L .
4 Solar Radio Izmiran, resolution http://helios.izmiran.rssi.ru/lars/L
Laboratory (LaRS) |Russia ) 25 - 270 Mhz, 40 / 20 msec  |ARS.html
radiospectrograph . .
resolution
_ |Metsadhovi Radio |Metséhovi, . . . .
5 Observatory Finland 14m radio telescope [10-100 Ghz radio maps http://kurp-www.hut.fi/sun/
gsbtronomical  thelc mean fluxes in 10 channels
t t s . .
6 s_erva _ory ot the|racow 8-meter antenna from 275-1755 Mhz, 5 min|http://www.oa.uj.edu.pl/
Jagiellonian Poland
University resolution
T f - i . .
7 orun Centre for | Torun, !EW radio Daily mean flux at 127MHz http://www.astro.uni.torun.pl/
Astronomy Poland interferometer
Trieste X mMSRI? ) .:I.Om 100-1000MHz radiopolarimeter
A Basovizza, parabollc dish . .
8 |Astronomical Ital DMVISRP - 3 http://radiosun.ts.astro.it/
Observatory Y MVISRE - 5m 1-4 Ghz radiopolarimeter
parabolic dish
9 Nancay Nanay, multifreg. maps (pol.) 150-450MHz http://www.obs-nancay.fr/
Observatory France radioheliogr. ps (pol B - Y.
Prof. Manuel de Onorto Solar Radio
10 |Barros porto, Spectrograph of Radio http://www.fc.up.pt/oa
Portugal
Observatory Porto
RIMS (Radio flux@0.2,0.4,1.4,2.7,5.0,8.8,15GH
Interference S
Monitoring Sets
Sagamore Hill Sa}gamore g )
11 RSTN Site Hill, MA,  |SFIR (Sweep
USA Frequency Sweep Frequency Interferometer
Interferometric (25-75MHz)
Radiometer)
National Radio Socorro Very Large Array
12 |Astronomy . (VLA) Radio http://www.aoc.nrao.edu/
NM, USA
Observatory aperture synth.telesc.
Owens
13 Owe_ns Valley Valley, CA, OV.RO Radio http://www.ovsa.njit.edu/
Radio Observatory USA radiospectrometer
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Radio & Optical Observatory

#34 21 #7171 deolE 5 W& AFo] E(URL)
1 Cuggora  Solar|Culgoora,|12ecm =449 7% Full disk H-alpha 7ttp://wwwips.go\ﬁau/culgoora
Observatory Austalia A g 18MHz - 1.8GHz
Hiraiso tSolar 15em 22917 Full disk High resolution
9 Terrestrial Japan _ H*alp}?a S— htfp://sunbase.crl.go.jp/home.ht
Research =44 A% Full disk white-light ml
Center i e S 25-2500 MHz
SOON site (Solar full disk and high-resolution
Observing Optical H-alpha, white-light +
Network) magnetogr.
GONG Site full intensity and magnetic field
Learmonth Solar RIMS (Radic 14 ©0.2,0414,2.7508815G | . _ .
3 Observator Interference Monitoring http://www.ips.gov.au/learmonth/
y Hz
Sets)
SFIR (Sweep
Frequency Sweep Frequency Interferometer
Interferometric (25-75MHz)
Radiometer)
Phoenix |
Corona-Radiospectr. single freg. total intensity at
(no spatial, high time |1.42, 2.13, 2.84, 4.26GHz
Yunnan resol.)
4 |Astronomical China http://cosmos.ynao.ac.cn/
Observatory Solar Vacuum high res. H-alpha
Tel.(26cm)
Solar Spectral
Tel.(50cm)
3coronagraphs(53,20,10 {5303, 5694, 6374, 10747,
cm) 10798 and H images
_ Solar Tower Telescope Ca K spectroheliograms
5 Pulkovo Klslqvodsk, (30cm)
Observatory Russia EQLZTOOI:STSETON) full disk WL and H images
several radio dishes radio flux at .6, .8, 2, 3, 5cm
(1-4m)
SOON site full disk H, WL + magnetogr.
RIMS (Radio g ©0.2,04,1.4,2.7,5.0,88,15G
Interference Monitoring Hz
San Vito Air . Sets)
6 . San Vito, Italy
Station SFIR (Sweep
Frequency Sweep Frequency Interferometer
Interferometric (25-75MHz)
Radiometer)
fef‘;:g‘(’;& 11em) full disk WL+H-alpha images
coronagraph (13cm) H prominences
. 2 horizontal . .
7 Ondrejov gz:gﬁjow tel.(23+50cm) high res. WL+H-alpha images, http://sunkl.asu.cas.cz/~sunwatch/in
Observatory Republic refractor (20.5cm) magnetograms, Dopplergrams  |dex.html/
7.5 and 3m radio radio flux at .24, .54, .88, 3
antenna GHz
10 and 3m radio radio flux at 1-2 and 2-4.5
antenna GHz
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Einsteinturm
(60cmCoel.)

Visible

8 Einsteinturm Solar Potsdam, OSRA: 4 http://aipsoe.aip.de/soe-e.html
Observatory Germany . ectro. r+sv;lie2in Ie burst profiles (40-800MHz), P-AIpSoe.A1p. -
pectrogr-+ 9 |radio flux @42, ..., 775MHz
freq. polarimeters
: . http://www.mnd-umwelttechnik.fh-
Istituto Ricerche  |Locarno, . - - -
9 . . 45 cm Gregorian Spectrograph wiesbaden.de/divers/irsol/shdescr.ht
Solari Locarno Switzerland ml
Bleien, Phoenix Broadband . &p://www.astro.phys.ethz.ch/rapp/
10 Switzerland Spectrometer Radio 01 - 4 GHz catalog/catalog_nf.html#phoenixI|
radioheliograph (Interf.) |full disk maps (408MHz, 5
11 |Roval Observatory |Brussels, 10m antenna 600MHz integrated flux
of Belgium Belgium

2 refractors (12+16cm)

full disk H + WL images
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3. Optical Observatory

HEa AA w5717 deold 25 g Ate] E(URL)
Solar Flare Telescope vec.tor .magnetlc field, velocity,
. white-light, H-alpha
NatlonalM'k STEP 6.5 full-disk tic field and
. itaka, 5 cm ull-disk magnetic field an ) .
1 |Astronomical Japan heliostat/refractor velocity http://solarwww.mtk.nao.ac.jp/
Observatory 10 cm refractor full-disk white-light
4 cm refractor H-alpha flare-patrol
5 Norikura Solar Japan 3 coronagraph 530.3 nm, H-alpha, D3, He http://solarwww.mtk.nao.ac.jp/en/
Observatory P grap 1083.0 nm, continuum norikura.html
60 cm Domeless
Solar Telescope : - j
3 |Hida Observatory |Japan - P ht.tp.//w.ww.kwasan.kyoto u.ac,p/
Flare Monitor . Hida/Hida-e.html
full-disk H-alpha e
Telescope
Okayama 65 cm coude vector magnetic field (FOV
4 |Astrophysical Japan g N http://solarwww.mtk.nao.ac.jp/en/
reflector 400 x 400", 6" res.)
Observatory okayama.html
Bohyunsan Optical SOlar Flare White-Light, H-alpha, Vector .
- L - http: g re.kr/~
5 |Astronomy South Korea |Telescope (SOFT) 20 [Magnetic Field, Longitudinal tp//w boao.re.kr/=yjmoon/s
- oftmain.html
Observatory cm x 2, 15 cm x 2 |[Magnetic Field -
60 cm 9-channel Call, Hell, Mgl, Fel (4), Hel,
Gregorian Reflector |and H-alpha, 5' x 4'
) 35 cm vacuum Magnetic Field - Fel, H -
Huairou Solar refractor 3.75'%5.45'
] gbfng|ng Station, Huairou, 10 om refractor Full-Disk Vector o e /
6 |Beijing China Magnetograph p://sun.bao.ac.cn,
Astronomical Full-Disk and High-resolution
ull-Disl igh-resoluti
Observator
y 14 cm Refractor (10' x 8) H-alpha
8 cm Refractor Full-Disk Call K
9 cm reflector Full-Disk Call K images
18 cm refractor full-disk H-alpha
18 cm refractor full-disk Call K
Baikal _ 255 cm refractor | 19N 18- H-alpha images (9w isafirk.ru:8101/0bs/b
7 |Astrophysical Russia arcminute field)
ao/bao.html
Observatory Large Solar Vacuum
Telescope (LSVT) 76 |high-resolution observations
cm refractor
full-disk magnetograms (10"
magnetograph . .
3 Sayan Solar Irkutsk, (STOP) resolution) vector http://www.iszf.irk.ru:8101/obs/ss
Observatory Russia magnetograms (4" resolution)  |o/sso.html
180mm refractor full disk H images
15cm refractor H-alpha full disk
i i 25cm refractor high resolution H-alpha i
Udaipur Solar Udaipur, http://www.prl.ernet.in/~sushant/
9 ) 15 cm Coude . :
Observatory India active regions uso/
telescope -
2.8 cm telescope helioseismology
Ulugh Beg . .
10 |Astronomical Pa|1<en.t, IRIS Site Integr.ated intensity and
- Uzbekistan velocity
Institute
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15

Astronomical

South Africa

BiSON site

integrated sunlight

Kharkov Kharkov, . .
Astronomical Ukraine spectroheliograph full disk Ca K, H, Hel0830
Observatory Nauchny, 45cm Solar Tower http://www.univer.kharkov.ua/astro
B Crimean Ukraine Tel.(45cm) He 10830 charts n/dslpp/sun/index.html
Astrophysical
Observatory coronagraph (53cm)
-~ | Kandilli Kandilli, 2 refractors " http://www.koeri.boun.edu.tr/astro
12 Observatory Turkey (15+10cm) full disk H-alpha + Cak nomy/astronomy.html/
National
13 Astronomical Rozher}, 20cm 5303, 6374 + H images http://www.astro.bas.bg/
Observatory Bulgaria coronagr.+chrom.tel.
Rozhen
2 refractors (13 + . .
Debrecen Debrecen, 15cm) ( full disk WL images http://fenyi.sci.klte.hu/~ludmany/de
14 Observatory Hungary . b_obs_en.html
53cm coronagraph H-alpha flare observations —
South ATriCan o erjand, http://bison.ph.bham.ac.uk/new/sut

herland.html

Observatory
Tatransk Horizontal Solar Spectroaranh
Stara Lesn La ran.s a Telescope (50 cm) P grap
16 |Stara Lesna omnica, Double Solar http://www.ta3.sk/
Observatory Slovak .
. Telescope (20 and 15 [Sunspot observations
Republic
cm)
. . Fe X - XV, Ca XV
Lomnicky Stit Slovak ' : .
17 Observatory Republic 20cm coronagraph photqmetry, H-alpha limb http://www.ta3.sk/
prominences
Wroclaw Wroclaw, Small Coronagraph H-alpha filtergr. .
. http: . .uni. .pl
18 Observatory Poland (13 cm) (prominences+AR) Mp:// W stro.uni.wroc pi/
Large Coronagraph  |H-alpha filtergrams and MSDP
ialko 53 cm spectra
19 Bialkow Wroclaw, ( ) - P http://www.astro.uni.wroc.pl/
Observatory Poland Solar Horizonal )
H-alpha filtergrams
Telescope
Kanzelhohe Solar |Kanzelhohe, |2 refractors . .
+ .
20 Observatory Austria (11+10cm) full disk WL+H images http://www.solobskh.ac.at/
Capodimon ongitsinal megnete and
21 |Astronomical Naples, Italy |[VAMOS g. ) g . http://www.na.astro.it/vamos/
Observator velocity field atin Postassium
Y 7699 A
Rome Monte .
22 | Astronomical Porzio, PSPT Fu"-.dISK Call K and http://www.mporzio.astro.it/solare/
contiunuum
Observatory Rome, ltaly
93 Obs.ervatory of Meudon, helio- + ) Tull disk H-alpha + CaK hito://mesola.obsom i/
Paris France spectroheliograph images Np-Hmesola.obspm.Irt
o4 Observatory of Pic du Midi, coronagraph H limb images (1-2R), He
Pic du Midi France grap 10830 images (planned)
R . L http: . ft.
25 |Ebre Observatory oquetas, refractor Full-disk white-light images tFp Ihorovw. readysoft.es/observebre
Spain [7index.htm
Bord B . R Il veloci
26 ordeau ordeaux, equatorial refractor esonance cell velocity http://www.observ.u-bordeaux.fr/
Observatory France measurements
Kiepenheuer 1zafa, . L .
27 |insitute of Solar |Tenerife, VTT(700m) Echelle spectrograph, http://www .Kis.uni-freiburg.de/kis
- ) Fabry-Perot Interferometer wwwe2.html
Physics Spain —
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1zafia,

Italian Panoramic

28 |THEMIS Ten.erlfe, THEMIS (90cm) Monochromator, MSDP, MTR http://www.themis.iac.es/
Spain
1zafia, Vacuum Newtonian
29 |Teide Observatory |Tenerife, Telescope (VNT,
Spain 40cm)
BiSON site integrated sunlight
GONG Site full intensity and magnetic
2.8 cm telescope field
1zafia, TON Site . . s -
30 |Solar Laboratory |Tenerife, 9 cm reflector Full-Disk Call K images ::r;].t/rl:llson.ph.bham.ac.uklnewllza
Spain IRIS Site I —
- Integrated intensity and
Sodium resonance .
velocity
cell
LOI Site

Rogue de los RdM, La Swedish Tower http://www.astro.su.se/groups/solar
31 | Muchachos Palma, Spain |(100cm) /

Observatory » 9P -

- |Roque de los RdM, La Dutch Open
. p: . .uu.
32 Muchachos Obs. |Palm, Spaina |Telescope (45 cm) http://dot.astro.uu.nl/
H-alpha Solar
. Telescope for Full Disk H-alpha
El Leoncito, . .
g9 |OAFA - CU. San Juan Argentina (HASTA) http://www2.plasma.mpe-garching.
“* |Cesco Station ] ) Mirror Coronagraph - H-alpha, |mpg.de/hasta/site.html
Argentina Mirror Coronagraph reen and red line. 1.05 - 2
for Argentina (MICA) g " T
solar radii

Las Campanas Cerro Las http://bison.ph.bham.ac.uk/new/las
34 P Campanas, BiSON site integrated sunlight B L. —

Observatory ; campanas.html

Chile

La Silla La Silla, IRIS.' Site Integrated intensity and
35 . Sodium resonance .

Observatory Chile cell velocity

C Tolol . . .

erro O.OO La Serena, |GONG Site http://www.gong.noao.edu/sites/cti
36 |Astronomical .
Chile 2.8 cm telescope o.shtml
Observatory .
Alfred, NY, |20 cm Active region H-alpha imaging .

Stull Ob: t . . . http: lin.alfred. tull.html
37 |Sw SeVatony 1 ysa Schmidt-Cassegrain ~ |(10' x 10'), video rate tp://merlin.alfred.edu/stull.htm
38 g:a\i':":/“ﬁ?ma” Huntsville, 30cm magnetograph _|vect.magnet.(§6'FOV) http://science.msfc.nasa.gov/ssl/PA
| Center AL, USA I3 auxiltel(H/WL)  [coalig.H, FD WL+H D/SOLAR/maggraph.htm
39 Prairie View Prairie View, |35-cm Gregorian High-resolution and full-disk  |http://www.pvamu.edu/cps/Solar.ht

Solar Observatory |TX, USA vacuum telescope H-alpha image ml

Space .

40 |Environment Boulder, Patrol instr. full disk H + WL (CaK + http://www.hao.ucar.edu/
CO,USA magnetogr.: 1996)
Laboratory
Dunn Solar Telescope
VTT (75cm)
HAO Stokes

National Solar Sac Peak, Polarimeter ]

41 Observatory NM, USA H-alpha + Ca K hitp:/Awww.ns0 .du/sunspot/

J.Evans Facility

spectroheliogr.,
5303,5694,6374coron.scans

Hilltop Facility

H+WL flare patrol
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- |Holloman Air Holloman, . .
42 Force Base NM, USA SOON site full disk H, WL + magnetogr.
Carl Sagan . .
43 | Observatory Cerrg Azul, H-Alpha line center http://cosmos.cifus.uson.mx/Infraes
Mexico tructura/ocs/ocsnew.htm
(OCs)
44 Solar Observation |Hermosillo, 125 cm reflector Full Disk H-alpha, Call K, http://cosmos.astro.uson.mx/Infraes
Station (EOS) Mexico ’ and continuum tructura/EOS/EOSinfrstrctr.htm
150 cm heliostat, 2 x
) ) 91 cm heliostats
45 National Solar Kitt Peak, 70 c¢cm coelostat, full disk magnetograms + http:/nsokp.nso.edu/
Observatory AZ, USA vacuum He10830 spectroheliogr.
SOLIS
65cm Gregorian + fulldisk WL, H-alpha, CakK,
magnetograms
patrol instruments,
46 g'bg Beatr Solar E:Ag ie;;: vector magnetograph http://www.bbso.njit.edu/
servatory ' GONG Site
2.8 cm telescope
TON Site . .
9 cm reflector Full-Disk Call K images
] . full disk magneto- + . .
Mount Wilson Mt.Wilson, http://www.mtwilson.edu/Science/
47 Observatory CA, USA 150 foot Tower Tel. Poppler-grams (512x512), WL UCLA
images —
5cm + 15¢cm full disk photometric images
refractors (broad band + CaK) .
San Fernando Sylmar, CA, http://davinci.csun.edu/~astro/sfo.h
48 38cm + 6lcm . .
Observatory USA active region vectormagnetogr. |tm
refractors + + Dopplergrams
spectroheliograph Ppierg
49 2?{:2”:10;(27(“0 Penticton, 10.7 cm Solar Flux Intearated 10.7cm flux http://www.drao.nrc.ca/icarus/www
phy BC, Canada |Monitor g ’ /sol_home.shtml
Observatory —_—
Magnetograph If_lgj magnetic and velocity
Wilconx Solar Wilcox, CA,
50 T i http://quake.stanford.edu/~wso/
Observatory USA IRIS_ Network Site Full-Disk Intensity and p:/g
Sodium resonance .
Velocity
cell
POI & K-KLINE full disk Ca K images
Imagers
MCCD ;I(—)aillphguquagmg spec. (2
51 Mees Solar Haleakala, ! pix.) http://www.solar.ifa.hawaii.edu/me
Observatory HI, USA Stokes Polarimeter vector mag. (2' FOV, 2" pix.) |es.html

vector magnetograph
(IVM)

vector mag. (4' FOV with 0.6"
pixels)

H-alpha coronagraph

H-alpha prominence images
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Mark-111
Coronographs

K-corona Images

Mark-1V
Coronographs

K-corona WL images

Digital Prominence
Monitor Polarimeter
for Inner Coronal
Studies

H-Alpha Disk and Prominence

Chromospheric

Helium-1 1083 nm Full-Disk

- |[Mauna Loa Solar |MaunaLoa, |Helium I Imaging
£ p: .hao.ucar.
52 Observatory HI, USA Photometer Images http://mlso.hao.ucar.edu/
Precision §0Iar Call K and Continuum
Photometric Telescope Full-Disk Images
(PSPT) 9
Experiment for
Coqrdm.ateq Full Disk Potassium Images
Helioseismic
Observations (ECHO)
GONG Site
2.8 cm telescope
OAFA - El Leoncito, |Solar Submilimeter — [212 & 405.Ghz, 1.5'& 3 http://www casleo.gov.ar/Instrume
53 San Juan, Telescope (SST) (150 |arcminute field of view, 1 &
CASLEO . . ntos/sst/sst_eng.html
Argentina cm) 40 ms temporal resolution
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274 A F(SETA =€)

T #Z U £

» Geomagnetic Storm (X|At7

Kp, Dst, Bz of IMF

Solar Flares (Ef Y2 AIEHE)

X-ray flux, Radio burst, Various
images etc

» Solar Particle Event (Ej QI AHEE)
Electron flux, Proton Flux

S 83 gdAlE et
EHSS Eh FH| 290

> EHYEE

70l &= F=ES &S
CME (Coronal Mass Ejection)

Flare

5 Coronal Holes (High speed solar wind)

1.E82{0™

= Helioseismic
rapy
= Far side imaging
Lt 00| %] (cool)
F2L} 0jO|X] (hot)
Integrated flu y, EUV. 10.7cm etc)
2|2 (SOHO LASCO)

7|Ef (Neutron & Muon monitor)
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2. g7 OIOHEDH

AR complexity
= Helicity assessment
# MHD extrapolation
SOHO-MDI
22 R4 54

A
o

SDO-HMI (in future)
» SDO-HMI (in future)

4. M= o|0|X| 5. Cool corona images

Filaments & flares
= Ha (Call, Hel)
2 2K (27, 1 min : ;
Filaments 8 prominence
o Flares etc
= Ha network o
SOHO-EIT
5 Stereo-SECCHI EUVI
» SDO-AIA

6. Hot corona images

Flare location Flare monitoring
o Arcades o [nput data to model
= Coronal holes

o Yohkoh-SXT (- 2001)
SOES-SXI

o GOES-series
= Solar B -XRT
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8. Coronagraphic images 9. Radio data

Monitor CMEs
(2-30R)

LASCO-C2,C3

+ STEREO
coronagraph

5 SMEI (white light) 240 MHZ)

10. In situ measurement 11. 7|E}

o Local magnetic field Cosmic ray obs.
Speed, v o CME tracking

5 Density, n

o Temperature, T

« Elemental
composition

Neutron monitor
= Muon Monitor

= ACE
# WIND, GeoTail etc
o Future : None

29} I5 FH[o| #&

Space-based vs ground-based
» Operational vs research oriented & : U A I F
X}

2 Monitoring purpose vs multi-purpose HES3 74 (K8 ZH)
) : 2 S (ex L1) (92 X))
» Optical vs Radio and others A (ex L) (75 St

A2 0/g 2%

2
H e BE X BES
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I-3. lonospheric TEC Map - sl 4. Monitoring Energetic Particles

Sunspot Number & F10.7
bl lonospheric TEC Map :'-:m; : -
: - e e =
. 10 ozt
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II1-5. Solar Activity Monitor I01-6. Model Magnetopause

Solar Activity Monitor

NSO Coronal Hole c2 Ha
bt
"
Lt M »
-
i .
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(YO 111.7. Global foF2 Map IV-1. Storm Probability
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fpove Bealher

KSRBL (2008)
0.5~18 GHz, 1 seclime cadence
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l | Product or Decision Aid is Needed to Enable Operators to |
Determine Trouble Source and Respond Appropriately &l
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(2) Neutron Monitor in Space Weather Research

Neutron Monitor in
Space Weather Research

Neutron Monitor Cosmic Ray

5 Definiti
: Mostly ionized atoms [H'(90%), He (5%), light elements]
: Traveling very close to the speed of light
: Portion of energy spectrum - 500MeV~20GeV

(Sensitive at 500MeV ~ 4GeV, Threshold ~ 430MeV)

¥ Secondary CR - Collision with atmospheric particles (N,, 0y)
¥ Current major issues on cosmic rays

: Onigin, Accelerati hanism, Encrgy sp
: Solar modulation of particles with cnergy < 5 GeV

Neutron Monitor

M e — Priary Counis Pay
’ Fresm Bace

e Boctron Fosteon
¥ e

[T i shower : Collision of Primary ic rays with air

o f (F¢d)

Cosmic Ray Energy Spectrum

3 Flumes of Cosmic Fays
H
i il < 1 particle por m® second
by Knee
1 particle per m? yoar
e .

Ankle
1 particle per km? yoar 4

fiux (m” 3 srievinu) '

GCR energy spectrums of maximum & minimum
solar activities observed in the energy range of 0.3-20 GeV

sl R
Bverages - data o

[Sun Spot Number & Galactic Comic Ray intensity]
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Oulu Neutron Monitor  pressers ssrvested data v s
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Dulu Neutron Monitor pressure corrected data Shonr it
£ 3
.
2
»
%
-
bl
N
3 ] * 1 " o " " » a n = o o n

sy 3008, dmp

[Ground Level Enhancement (20055 012 202 : 269%)]

[Forbush Decrease (2003.10.28)]
RN ) e =

Sequence of Events 1 =

: Solar Flare i

-GLE 1%

- Proton (SEP) Ha

},? .

P R I I e ]

Geomagnetic Cut-off

: GCR’s propagation affected by geomagnetic field because of charge

: Prevention of low-energy particles from reaching the ground level

: A rigidity threshold for GCR to reach a certain geographical location
: Vertical cosmic ray cutoff ~15 GV (GV = unit of magnetic rigidity)

P“(y,z)=ﬁn[17' - ‘“‘"‘]

cos ycos A

7 =90, cos(7)=0, P, =15(cos 4)"

). : geomagnetic latitude of station
T:mslel‘_ i '“pu!icle 1 'J
& direction of geomagnetic cast

P R I I e e ]

Cosmic Ray Neutron Monitors, 1997
Tupu_Apatity
"""'?"F : By se Boy
':l:““ 5., Ml Waskinginn
Dearbn b
it
-5 ] %
] s ooy |13 [
el [ ~
=
4
Ilqse'{x f) "
Equator
/; '
Sebected ines of <0 .
c:::;-:l-lnm-da!n Py T

[Neutron Monitor Locations around the world]

P R I I e ]

20
® - Antarctica
== Argentina
[ Australia
15 . Canada
- Germany
14 - nda
5 - Japan
=42 - Fazakhstan
bl B Russia
=10 I Switzertand
z - UK
5 8 - USA
*
4
2
o

Ant. Arg. Aus. Can, Ger. Ind. Jap. Kaz Rus. Swi. UK USA
Nation

[Distribution of NM stations by set up in Nation (>3)]
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Bartol Rescarch Institute NM program in University of Delarware (USA)

| —Lattude < 25
120 || = 25 < Latibude <55
= Lateude = 55

# of NM station

5

-
|

Noath South Total
Hemisphere

. [McMurdo Station, Ross Island, Antarctica (77.9°S, 166.6°E)]
| Distribution of NM station by Latitude range|

A - o~ I A -~ ™ =

Space Physics Data System in University of New Hampshire (USA)

Haleakala, Hawaii
(20.72°N, 203.72°E)
[Climax, Colorado (39.37°N, 253.82°E)|
[Thule neutron monitor from 1957 (76.5°N, 68.7°W)]
© " OuuCosmic Ray Staton
Sodankyla Geophysical Observatory of the University of Oulu (Finland) Moscow NM station (Russia)

3 %

[Moscow NM station (55.47°N, 37.32'E)]
[Oulu NM station (65.05°N, 25.47°E) from 1964]
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Jungfraujoch Station

The Simultaneity of Forbush Decreases
: Environmental solar wind condition for the simultaneity

1. MOTIVATIONS 2.DATA & ANALYSIS
* Analysis Method

* Previous studies mainly focused on generation mechanisms of FDs : Compare the time profiles at different NM stations
@ Diffusion by turbulent magnetic field of the IP shock : Investigate the properties of such non-simultancous FD events &

: Laster et al. (1962), Ananth & Venkatosan (1993), Badruddin (2002) Ui aciated solit-viind ccodittons

S ; s ; : Classify the characteristics of different FD events by their spatial

@ Drift by sweeping cflect from gnetio ficld distribution (longitudinal) of main phase onset time and magnitude

: Barouch & Burlaga (1975), Pal Singh & Badruddin (2003)

of GCR intensity variation
(3 Turbulence of post shock region & Strong magnetic field

* Identified 93 FD events at Oulu NM station from 1997 to 2006
: Sanderson et al. (1990a), Cane et al. (1993)
* Criteria of determining FD event
* Some of FD events are not globally simultaneous as reported (1) Magnitude in GCR intensity decrease : over 3.5 % from maximum
: Lockwood & Razdan (1963), Pak (1969) 0 mocuisias, choting mitn phase
(2) Minimum GCR. intensity : lower than -1.5 % from zero level set
* No detailed study for extraordinary features

by the monthly average
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3.RESULTS

* Simultaneous FD event
: Main phases of GCR intensity decrease are
“vrrsinor o0 regardless of station location.

s (local ti

On-si eous (local ime dependent) ID eveni
: Main phase of FD event are recorded at different UT,

but « ' ¢ ool e of each station,

[Configurations & Locations of NM stations]

[GCR intensity profiles of a simultancous FD event] [GCR intensity profiles of a non-simultaneous FD event]

GOW Ity variation (X}

CEW ity woriation (%)

A0

i = 1o =30
- P T otmnsiamd " oy (139009 L T v oo i sl &
UT Profile (June 8, 2000) LT Profile (June 8, 2000) UT Profile (September 15, 1999) LT Profile (September 15, 1999)

Local time of GCR main phase onset time with magnitude of GCR Local time of GCR main phase onset time with magnitude of GCR
intensity decrease (%) during main phase of Simultaneous FDs intensity decrease (%) during main phase of Non-simultaneous FDs
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i L] Distribution of the local onset times of two kinds
Fisher’s Exact Test of FD events & the Fisher's exact test statistic

: To see the difference between two small distributions - -
in two mutually exclusive bins yielding 2X 2 contingency table Gy Local onset i of main phase
SimultancousFD | Non-simultancous FD
Calegory | Sample 1 Sample 2 E o .
1 A C ightside = 3
[2X2 contingency table (N=A+B+C+D)] L cosrocad

: Categorized into day side or night side
_(A+BNC+D)(A+C)(B+D)! : Caleulated probability of same distribution ~ 0.35 %
P= NIABCID : Two onset time distributions of simultaneous
& non-simultaneous FD events are significantly different
from each other with a confidence level of 99.65 %.

P : probability that two samples have the same distribution

s gy N eE s W gL g N g s gy N pE s W gL g N g

Distribution of the local onset times of two kinds

of FD events & the Fisher's exact test statistic Classification of FD events by simultaneity
during the period of 1997-2006
Local onset time of main phase
Category T = = s Forbush Decrease Event Class
dayside (08-20) 3 | 30 Number of FD events Simult Non-Simult;
vightside 19 | 1 AversgoolGCR inonsity £9434% A8+14%

probability ofthe decrease during main phase

s gy N gE s W gL g N g s gy N pE s W gL g N g
Classification of FD events by simultaneity
N uiaGal e et N EAL vt 46108 U0 * Simultancity of Forbush Decrease Events
Aversgesl | Forbush Decrease Eveat Class [1998.2001] Confidence
fiee Noa- - :‘:}T"' * Diurnal variation has the maximum around noon & the minimum
phase around midnight on the averag
# ol FD eveats | 37 12 49
Holw/Pshock | 31 3 » - Strong FD event Simultancous FD (outstanding the diumnal variation)
Holwio IPshock 6 4 10 )
:-’.‘-h ik g TR - Weak FD evemt Nom-simultancous FD
GOR inbemsity | 64422 47413 59421 % - If main phase is superposed in phase with declining phase of diurnal
%) ! variation (in other words, if the FD main phase onscts in the dayside)
Vi (k) | SERBIIMI | 490.6:858 | 549241199 Ll
B} (aT) | 159157 12.6462 150159 95
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[In phase with diurnal variation]|Out of phase with diurnal variation]

2 2. a . 1 7 s 3 2.

rg

J

»
Lo i [}

(Non-simultancous FD) Event) (Not counted as an FD Event)

”\\ b

] ]

Ie

fe

: ;r'\....f-'._'zqu\i\_f px- Hgw Vg )
=

~.

v\

‘6 > [Simultaneous FD Event]
e

18 phase wnch i variaon
[Non-simultancous FD Event]

PRSP o Hew W VgE
4. SUMMARY

1. Most of FDs (62/93) are detected simultaneously in UT,
whereas some of FDs (31/93) are recorded at same LT,

2. Non-simultancous FDs are usually less intense than simultancous.
3. Stronger FDs might become simultaneous oncs, but weaker FDs
non-simultaneous ones only if the main phase of FD is superposed
in phase with the declining phase of diurnal variation.

4. Sugpested Model: Simultancous FDs might occur in case the thick
& strong magnetic barrier (IP shock sheath & MC) passes by the
Earth, whereas Non-simultancous FDs might happen if the thin &
weak magnetic barrier passes by on the dusk side of the Earth.

6. Our model of FDs simultaneity can be tested by STEREQ mission!
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Prominence Seen in Ha (6563A)

* Chromosphereis best seen in Ho

* Filaments (Prominences): dark, thread-like features on the disk
(bright loop-like f the limb); actually I

. Ch e Tl

Prominences on the limb are
really prominent.

What is a Solar Prominence?

+ Any cloud of material visible in Hot above the solar
surface, usually of a ribbon-like structure

+ T~ 5000-8000 K ~ 1/100 Tippona
+ Np=101-10" cm3~ 100 Npgroma
« W~4000km, H<105km, L~6X(10%10%km

Prominence Eruption

Prominence Eruption
1945 June 28

High Altitude O

+ Solar prominences often end their lives with eruption.
* Prominence eruption is often associated with a flare and/or a CME.

Classic Prominence Field Models
- Magnetic fields support prominences.

* Kippenhahn-Schliiter type  * Kuperus-Raadu type
+Normal polarity +Inverse polarity

The role of the axial field (toroidal field)
should not be overlooked.

Formation of a K-S Type Prominence
(Choe & Lee 1992)

Thermal instability is developed by adiabatic
cooling induced by a shearing motion.
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Formation of a K-R Type Prominence
(Choe 1995)

Thermal instability s dévclopcd by density
enhancement in the magnetic island.

Solar Eruptive Phenomena

Solar Flares
Brilliant flash of light in the solar atmosphere
Up to 10% erg of energy released

Coronal Mass Ejections (CMEs)

A transient outflow of plasma seen as a large
bright feature in the solar corona

V ~10-2000 km/s M ~10%g

Eyin~ 102 erg

Prominence Eruption

Sudden rise (and disappearance) of a
prominence

These phenomena are often associated with
one another.

*

Solar Flare on 2000 July 14
(Bastille day event)

TRACE observation

A Flare Eruption on the Limb

X-ray Emission of a Flare

Yohkoh X-ray Image of a Solar Flare, Combined Im agu in Sott X-rays {lef) and

Soft X-rays with Hard X-ray Contours (right]. Jan 13, 1982

* Soft X-ray: along the loop; thermal
* Hard X-ray:

- Loop-top
- Footpoins: more non-thermal

Mechanism of Homologous Solar Flares

e

0-11

| 0 n o

L0

JEE 1 S Maximem reconneetionrsle

occurs al island coalesccnce.
Repeated gencration and merging of
magnctic islands
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Coronal Mass Ejection (CME)

| I 7
A :

CME Loop Formation and Acceleration

- Lo ®
the ohservation of CME! motios and X-ray fhux

Field Opening in a CME

LASCO C2 and EIT composite images showing the
evolution of the CME that took place on 2001/04/02

High Energy Pre-eruption Coronal Fields

Eruption takes place ot
r<®<1Sx

Eruption Leading to Field Opening

Il\ |
- \1/
Two interwinding fax Formation of a highly Apparcat ficld
ropes ‘wound eruplive fux opening after flux
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