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SUMMARY

1. Title
A  Study of Effects on the Domestic Satellites and

Communications caused by Space Environment Disturbances

2. Objectives

The objectives of the present study are to assess the effects
of space environment disturbances on the operations of
domestic satellites and communications by analyzing the
existing operation logs of geostationary satellites, and to
recommend possible items to immplement in the space weather
forecasting systems to enhance the present features and the

user interface.

3. Results
(1) Analysis of satellite anomalies

Magnetic storms from 1997 through 2001 are identified and
satellite anomalies occurred during some of the storms are
analyzed in depth. Anomalies listed by NOAA are also analyzed

and statistics of anomaly types are studied.

(2) Basic studies of space environment disturbance
Shock Time of Arrival (STOA) model is employed to

estimate the travel time of the shock caused by solar flares.



The model can be implemented in the present solar radio
telescope system of Radio Research Laboratory. Disturbances of
the terrestrial magnetosphere such as magnetic storms and
their effects are reviewed, especially regarding the energetic
electron events, known to be primary suspects of anomalies of

geostationary satellites.

(3) Space weather information system

Activities of International Space Environment Service (ISES)
and its regional warning centers are reviewed and compared
with those of the Radio Research Laboratory. The importance
of the support to the service in High Frequency
communications 1s stressed. Also emphasized 1s the public
relation of the forecast activities given by the Radio Research
Laboratory. A preliminary version of a brochure is suggested in

this regard.

4. Application

Continuous study of anomalies of domestic satellites 1is
recommended, especially for the geostationary communication
satellites. The immportance of participation of the Radio Research
Laboratory in the activities of ISES should not be over-looked.
The space weather service should emphasize more on the HF

communications.
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21 1997 1 2001 8
Storm
Dst min | Kp max
1997-01- 10 1997-01- 10 1997- 01- 16
97.1.10 -80 6.0
6:00 8:00 4:00
1997-04-10 | 1997-04-11 | 1997-04- 15
974.10 - 100 6.7
18:00 5:00 0:00
1997- 04- 16 1997- 04- 17 1997- 04- 21
974.16 -85 53
12:00 6:00 0:00
1997- 04- 21 1997- 04- 22 1997- 04- 25
974.21 - 115 53
10:00 0:00 0:00
1997-05-01 | 1997-05-02 | 1997-05-07
975.1 -75 6.3
14:00 0:00 20:00
1997- 05- 14 1997- 05- 15 1997- 05- 23
975.14 - 120 6.7
12:00 12:00 12:00
1997-05-26 | 1997-05-27 | 1997-05- 30
975.26 -77 6.0
8:00 7:00 10:00
1997-06-07 | 1997-06-09 | 1997-06- 11
976.7 -95 57
0:00 5:00 13:00
1997- 07- 15 1997-07- 15 1997-07- 17
97.7.15 -45 37
8:00 22:00 12:00
1997-08-03 | 1997-08-03 | 1997-08- 05
9783 -50 5.0
15:00 21:00 6:00
1997-08-28 | 1997-08-28 | 1997-08-31
978.28 -60 43
0:00 6:00 16:00
1997-09-03 | 1997-09-03 | 1997- 09- 07
9793 - 113 6.3
18:00 22:00 20:00
1997- 10- 01 1997- 10- 01 1997- 10- 06
97.10.1 -110 70
2:00 17:00 8:00
1997- 11- 21 1997- 11- 23 1997- 11- 30
97.11.21 - 120 7.2
12:00 7:00 12:00
1997-12-10 | 1997-12-10 | 1997- 12- 14
97.12.10 -75 40
6:00 16:00 16:00
1997-12-30 | 1997-12-30 | 1998-01-04
97.12.30 -80 47
3:00 18:00 8:00




Storm

Dst min | Kp max

1998-01-06 | 1998- 01-07 | 1998-01- 08

98.16 -87 6.3
11:00 4:00 9:00
1998-01-29 | 1998-01-30 | 1998- 02- 02

98.1.29 -55 43
20:00 13:00 10:00
1998-02- 17 | 1998- 02- 18 | 1998- 02- 21

98.2.17 -118 6.7
12:00 1:00 12:00
1998-03- 10 | 1998- 03- 10 | 1998- 03- 20

98.3.10 - 130 7.3
0:00 21:00 0:00
1998-05- 02 | 1998- 05-04 | 1998- 05- 15

985.2 - 260 8.7
6:00 6:00 0:00
1998-05-29 | 1998- 05-30 | 1998- 06- 01

98.5.29 -55 6.7(4.3)
14:00 3:00 19:00
1998- 06- 14 | 1998- 06- 14 | 1998- 06- 17

98.6.14 -57 43
4:00 11:00 22:00
1998-06- 25 | 1998- 06-26 | 1998- 06- 29

98.6.25 - 110 6.3
18:00 5:00 13:00
1998-07-15 | 1998-07- 16 | 1998-07- 18

98.7.15 -70 6.0
23:00 5:00 12:00
1998-07-22 | 1998-07-23 | 1998-07-27

98.7.22 -62 53
18:00 7:00 8:00
1998-08-06 | 1998-08-06 | 1998- 08- 12

98.8.6 - 165 7.3
0:00 12:00 18:00
1998-08-19 | 1998-08-20 | 1998- 08- 22

98.8.19 -70 4.0
16:00 20:00 0:00
1998-08-22 | 1998-08-22 | 1998-08-25

98.8.22 -63 43
0:00 16:00 12:00
1998-08-26 | 1998-08-27 | 1998- 09- 05

98.8.26 - 170 70
10:00 9:00 0:00
1998-09- 18 | 1998-09- 18 | 1998- 09- 22

98.9.18 -50 53
8:00 12:00 12:00
1998-09-22 | 1998-09-24 | 1998-09- 25

98.9.22 -55 4.7
12:00 8:00 0:00
1998-09-25 | 1998-09-25 | 1998- 09- 30

98.9.25 -210 8.3
0:00 9:00 12:00




Storm

Dst min| Kp max

1998-09-30 | 1998- 10-01 | 1998- 10- 02

98.9.30 -58 53
12:00 0:00 12:00
1998- 10- 02 | 1998- 10-02 | 1998- 10- 06

98.10.2 -57 53
12:00 21:00 16:00
1998- 10- 07 | 1998- 10- 07 1998- 10- 14

98.10.7 -70 57
0:00 19:00 16:00
1998- 10- 19 | 1998- 10- 19 | 1998- 10- 27

98.10.19 - 115 6.3
0:00 5:00 10:00
1998- 11- 13 | 1998- 11- 13 | 1998- 11- 19

98.11.13 - 130 6.0
2:00 23:00 8:00
1998- 12- 10 | 1998- 12- 11 | 1998- 12- 13

98.12.10 -70 53
10:00 9:00 16:00
1998- 12-25 | 1998- 12- 25 1998- 12- 28

98.12.25 -65 40
7:00 12:00 0:00
1999-01- 13 | 1999-01- 13 | 1999-01- 18

99.1.13 - 112 7.0
0:00 12:00 13:00
1999-01-21 | 1999-01-23 | 1999-01-29

99.1.21 -50 50
12:00 21:00 12:00
1999- 02- 18 | 1999- 02- 18 1999- 02- 22

99.2.18 - 124 6.7
3:00 9:00 6:00
1999-02-28 | 1999-03-01 | 1999-03- 17

99.2.28 -90 6.3
12:00 0:00 0:00
1999-03-29 | 1999-03-29 | 1999-04-04

99.3.29 -57 57
0:00 15:00 14:00
1999-04- 16 | 1999- 04- 17 1999- 04- 22

994.16 -90 6.3
4:00 3:00 18:00
1999-04- 26 | 1999- 04- 28 1999- 05- 04

994.26 -47 47
9:00 21:.00 13:00
1999- 05- 13 | 1999- 05- 13 | 1999- 05- 15

995.13 -50 50
0:00 14:00 12:00
1999-07-20 | 1999-07-22 | 1999-07-26

99.7.20 -48 47
15:00 17:00 3:00
1999-07-30 | 1999-07-31 | 1999-08-03

99.7.30 -53 7.7(5.3)
20:00 1:00 21:00




Storm

Dst min | Kp max
1999-08-08 | 1999-08-09 | 1999-08- 10
99.8.8 -47 37
7:00 12:00 6:00
1999-08- 16 | 1999-08- 18 | 1999- 08- 20
99.8.16 -40 53
6:00 4:00 0:00
1999-08-20 | 1999-08-20 | 1999- 08- 22
99.8.20 -56 5.7
0:00 17:00 0:00
1999-08-22 | 1999-08-23 | 1999- 08- 25
99.8.22 -66 5.7
10:00 0:00 10:00
1999-08-26 | 1999-08-26 | 1999- 08- 30
99.8.26 -38 40
12:00 23:00 7:00
1999-08-31 | 1999-09-01 | 1999- 09- 06
99.8.31 -48 5.0
15:00 10:00 8:00
1999-09- 12 | 1999-09- 13 | 1999- 09- 21
99.9.12 -75 6.0
7:00 4:00 0:00
1999-09-22 | 1999-09-23 | 1999- 10- 04
99.9.22 - 175 8.0
19:00 0:00 0:00
1999- 10- 10 | 1999- 10- 10 | 1999- 10- 20
99.10.10 -68 5.7
0:00 18:00 4:00
1999- 10-22 | 1999- 10-22 | 1999- 11- 04
99.10.22 -238 8.0
0:00 6:00 0:00
1999- 11-07 | 1999- 11- 13 | 1999- 11-21
99.11.7 - 105 6.3
0:00 21.00 17:00
1999- 11-23 | 1999- 11-24 | 1999- 11-24
99.11.23 -50 5.0
3:00 9:00 22:00
1999- 12- 12 | 1999- 12- 13 | 1999- 12- 15
99.12.12 -85 5.7
0:00 9:00 8:00
1999- 12-30 | 2000-01- 01 | 2000-01-09
99.12.30 -50 5.7(5.3)
18:00 0:00 19:00
2000-01-11 | 2000-01-11 | 2000- 01- 18
2000.1.11 -83 53
7:00 21:00 12:00
2000-01-22 | 2000-01-23 | 2000- 01-27
2000.1.22 -92 6.3
6:00 0:00 7:00
2000-01-27 | 2000-01-28 | 2000- 02- 01
2000.1.27 -47 5.0
21:.00 13:00 10:00




Storm

Dst min | Kp max

2000- 02-05 | 2000-02-07 | 2000-02- 11

2000.2.5 -41 53
17:00 17:00 0:00
2000- 02- 11 | 2000-02-12 | 2000- 02- 19

2000.2.11 - 170 6.7
8:00 12:00 0:00
2000- 03-01 | 2000-03-01 | 2000-03-04

2000.3.1 -49 47
4:00 14:00 0:00
2000- 03-06 | 2000-03-08 | 2000- 03- 09

2000.3.6 -43 40
16:00 21:.00 16:00
2000- 03- 10 | 2000-03-11 | 2000-03- 12

2000.3.10 -37 40
6:00 6:00 15:00
2000- 03-31 | 2000-03-31 | 2000- 04- 06

2000.3.31 -58 50
5:00 11:00 11:00
2000- 04-06 | 2000-04-07 | 2000-04- 13

20004.6 -322 8.7
14:00 0:00 0:00
2000-04- 15 | 2000-04- 16 | 2000- 04- 18

20004.15 -80 43
18:00 11:00 18:00
2000- 04-24 | 2000-04-24 | 2000- 04- 27

20004.24 -65 53
4:00 14:00 0:00
2000- 05- 17 | 2000-05- 17 | 2000- 05- 20

20005.17 -88 6.0
0:00 5:00 18:00
2000- 05-23 | 2000- 05-23 | 2000- 06- 02

20005.23 - 148 8.0
12:00 16:00 12:00
2000- 06- 08 | 2000-06-08 | 2000- 06- 13

2000.6.8 -87 7.0
10:00 19:00 20:00
2000- 06-26 | 2000-06-26 | 2000-07-01

2000.6.26 -74 6.0
0:00 17:00 5:00
2000-07-14 | 2000-07-16 | 2000-07- 19

2000.7.14 - 310 9.0
18:00 0:00 18:00
2000-07-19 | 2000-07-20 | 2000-07- 26

2000.7.19 -90 6.0
18:00 7:00 4:00
2000-07-26 | 2000-07-29 | 2000- 08-03

2000.7.26 -74 57
4:00 11:00 21:00
2000-08-05 | 2000-08-06 | 2000- 08- 09

2000.8.5 -50 50
6:00 5:00 0:00




Storm

Dst min | Kp max

2000-08- 10 | 2000- 08- 12 | 2000- 08- 18

2000.8.10 - 238 7.7
6:00 10:00 6:00
2000-08-28 | 2000- 08-29 | 2000- 09- 03

2000.8.28 -57 57
4:00 6:00 0:00
2000- 09- 12 | 2000- 09- 12 | 2000- 09- 15

2000.9.12 -70 43
2:00 18:00 12:00
2000- 09- 15 | 2000- 09- 17 | 2000- 09- 17

2000.9.15 -57 6.3
20:00 0:00 19:00
2000- 09- 17 | 2000- 09- 18 | 2000- 09- 23

2000.9.17 -172 8.3
19:00 0:00 23:00
2000- 09-29 | 2000- 09-30 | 2000- 10-02

2000.9.29 -80 6.3
10:00 15:00 6:00
2000- 10- 02 | 2000- 10-05 | 2000- 10-09

2000.10.2 -192 7.7
6:00 12:00 15:00
2000- 10- 13 | 2000- 10- 14 | 2000- 10- 17

2000.10.13 - 110 6.7
0:00 14:00 8:00
2000- 10-22 | 2000- 10-23 | 2000- 10- 27

2000.10.22 -48 4.7
8:00 6:00 18:00
2000- 10-28 | 2000- 10-29 | 2000- 11-03

2000.10.28 - 113 6.0
20:00 4:00 0:00
2000- 11-04 | 2000- 11-06 | 2000- 11-09

2000.114 - 160 70
4:00 20:00 4:00
2000- 11- 10 | 2000- 11- 10 | 2000- 11- 15

2000.11.10 - 104 6.3
6:00 12:00 6:00
2000- 11-26 | 2000- 11-29 | 2000- 12- 06

2000.11.26 - 130 6.7
18:00 12:00 0:00
2000- 12-22 | 2000- 12-23 | 2000- 12-25

2000.12.22 -58 5.7
20:00 4:00 0:00
2001-01-23 | 2001-01-25 | 2001-01-28

2001.1.23 -55 4.7
12:00 15:00 5:00
2001- 02- 13 | 2001- 02- 13 | 2001- 02- 18

2001.2.13 -50 4.7
5:00 20:00 18:00
2001-03-03 | 2001-03-05 | 2001- 03-09

2001.3.3 -73 50

15:00 3:00 3:00




Storm

Dst min | Kp max

2001-03-19 | 2001-03-20 | 2001-03-22

2001.3.19 - 155 7.3
12:00 13:00 13:00
2001-03-22 | 2001-03-23 | 2001- 03- 27

2001.3.22 -85 50
13:00 16:00 0:00
2001-03-27 | 2001-03-28 | 2001- 03-30

2001.3.27 -98 6.3
19:00 12:00 18:00
2001-03-31 | 2001-03-31 | 2001-04-04

2001.3.31 - 358 8.7
4:00 8:00 12:00
2001-04-08 | 2001-04-09 | 2001-04-11

200148 -54 70
12:00 8:00 12:00
2001-04-11 | 2001-04-11 | 2001-04- 17

20014.11 - 256 8.3
14:00 23:00 9:00
2001-04-18 | 2001-04-18 | 2001-04-21

20014.18 -101 7.3
0:00 6:00 5:00
2001-04-22 | 2001-04-22 | 2001- 04- 25

20014.22 - 103 6.3
0:00 15:00 12:00
2001-05-07 | 2001-05-10 | 2001-05- 16

200157 -70 53
0:00 6:00 21:00
2001-06- 18 | 2001- 06- 18 | 2001- 06- 23

20016.18 -57 53
4:00 9:00 12:00
2001-07-08 | 2001-07-11 |2001-07-12

2001.7.8 -40 5.0(3.3)
15:00 0:00 0:00
2001-08-03 | 2001-08-05 |2001-08-08

20018.3 -50 50
6:00 15:00 12:00
2001-08- 17 | 2001-08-17 | 2001-08-21

20018.17 - 105 70
12:00 22:00 0:00




Single Evnet Upset (SEU), Single Event Latchup
(SEL), Single Event Burnout (SEB), :

Total lonization Dose Effects (TID), (Electrical

Charging)
2.
22
(unknown)
23
22 23 NOAA
. NOAA NOAA

NGDC FTP server



22

PC Phantom Command :

PF | Part Failure :

TE | Telemetry Error :

SE | Soft Error : bit-flip

HE | Hard Error : chip

Latch-up

SS | System Shutdown :
ESDM | Electro Static Discharge Measured :
ATT | Attitude Control Problem :

UNK | Unknown :

2.3

ECMP | Electron caused Electromagnetic Pulse :
ESD |Electro Static Discharge :

SEU | Single Event Upset : ,
MCP |Mission Control Problem :

RFI | Radio Frequency Interference : RF

UNK

Unknown :




1982 11 26 GOES-4 VISSR
45 . 1982 2

M arces- B
. 1989 3 13
GOES-7
Anik E-1 E-2

19949 1 20 21
1993 8 5 Intelsat
. 1998 2000
, 1998 5 1-19
.1998 5 1 Equator- S
- - (loss) , 5 6 Polar
SEU on-board processor 6
: GMS
1998 5 4-7 12
1998 5 19
Galaxy 4
5 4
2 highly relativistic electrons (HRE) deep
(flux) (Baker, et al., 1998). 1998
12 TOMS (Total Ozone Mapping System)
SEU
(safe-hold
mode) reset . 1999 7 30
, Anik E-2
. 2000 7 15 ASCA (Astro-D)
(safe mode)



1998 5 Galaxy 4, Polar, Equator- S
Baker, et al. (1998)

(1)
1998 4500
(Gaaxy 4) :
(highly relativistic electrons: HRES)
. HRE Galaxy
4 2
HRE
(Baker, et al. , 1994, 1996). Vampola (1987) Baker,
et al. (1987) subsystem
(deep dielectric charging)
(thermal control blanket), : :
(electrostatic discharge event)
subsystem
1998 5 19

uT 22 Galaxy 4



Backup ;

(corona mass gection), (solar flares),

(outer terrestrial
radiation zone) HRE
solar maximum

(2)
( 600km) SAMPEX

23(@ 1998 4 1 (DOY 91) 5 31 (DOY 151) SAMPEX
heavy-ion large telescope (HILT)
3MeV (energy threshold)
(5MeVv (sensitivity) ). DOY 110

(solar energetic particle event) :
DOY 115 4 25 ) L=4 outer zone HRE deep

DOY 130 (5 10 )

. DOY 124 (5
4 ) HRE deep : outer
zone relativistic electron 2
L=3 L=5
2.3(a) relativistic electron

. Polar



(E>03MeV) SAMPEX .
23(b) Polar high- sensitivity telescope (HIST) E>2MeV

1-u-y-u¢ J}m ‘Lii-ﬂw-llﬂ Lot
SAMPEXHILT > 3 m.v

23 ()1998 4 1 (DOY 91) 5 31 (DOY 151)
SAMPEX  heavy-ion large telescope (HILT)

; (b) Polar high- sensitivity telescope (HIST)
E>2MeV (Baker, et al., 1998).



Relative Fluences of Highly Relanvistic Elecirons
LANL 1994-084

5 B MoV May 19, 1998 >

75 ' | |I
= |
= A |"' II Wi
o S fl o]
% E I.-NII" | w' Iﬁqﬂl | I"IUI
cE il \ f\
"'.'T; .75 [ |
i |
| [ 2 : 1 r'.-‘l f |
har W | "I'I. L & l e (i
& -_JI : MY s i . PO % ...
Date
24 Los Alamos National Laboratory
(LANL) 1997 1 1998 5 14
(Baker, et al., 1998).
24 Los Alamos National Laboratory (LANL)
1997 1 1998 5 14
.3 peak fluence
(normalize) .3 1998 5 19
fluence . 5 75%
, 35-6.0MeV fluence
1998 5 50% . 1997 1 fluence T elstar
401 (Reeves et. al., 1998). 1998 5



25a GOES 1998 4 21 5 20
1 E>2MeV 4 21
(10" cm?-sr-day) 1 4 29
. G 1 4)
, 5 5 (intensity) 100 10
.5 16 2-3 factor :
10’ . GEOS (>100MeV)
( 25b). 4 21 ,
5 2 ,5 6 ) : L
SAMPEX
3
5 19 Galaxy
4 : 2.3, 24, 25
Galaxy HRE
5 6 Poar (anomaly) 5 1 Equator-S
. Polar on-board processor
6

single- event upset
(W. J. Guit, Polar Spacecraft Problem, NASA Goddard Space

Flight Center memo, 1998). 5 6 ACE

E>100M eV iron nuclei

. Polar
.5 1 Equator-S
. 1997 12 Equator-S
1998 5 1
. Equator-S , outer radiation

belt relativistic electron 1 (



GMS 1998 5 4-7

12
(4)
1998 5 2 SOHO solar flare . GOES
SAMPEX
solar flare :
26 DOY 121 DOY 140 wWind
( Vau), (IMF) north- south
(B,), IMF (Buwe) : Ve,  peak
600km/ s 4 :
HRE (Baker et al., 1994,
1996). DOY 124 850km/ s
1AU
BIMF Bz
(Blake
et al.,1997). DOY 124 Kp 9 .
Dst -218nT : electroj et
2500nT : 5 4

. L=2.2 radiation belt



20

GOES Electrons E > 2 MeV

1" e e e LR W L S AR o L
i Long dumiion Electron Event “
[ | Key 1o Deap-disbectrie Chansing :
10" | < - |
| Galaxy 41
f Equator-5 POLAR Eailure 1

[ Failure Anomaly

IIII[ * l

Electrons/cm®-day-sr

—h
<
e e e

10
10* ) |
21 Apr. 1 May 10 May 20 May
19498
10" — s . 4 S S
| o F AR Sooiy ey QOES Protons
-— —  »

10® i
_ POLAR
w Equatar-5 Anomaly
e, Falure
= L |
o 100 4
o * Galaxy 4
= Failure
(]
£ v
o 10t )
o !
o

10°

107 {

21 Apr. 1 May 10 May 20 May
1598
25 GOES 1998 4 21
1 (E>2MeV),

(>100M eV).




WIND (SWE/MFI) Data
40 | it ; : .
' L 800
30 i w
: so0 &
| \ A \_M U8
T '; Uy =
o 5
T | 400 7
% . *"| A B %J
g '| e
= ' =]
110 . 115 . 120 125 130 . 135 111--3'
Day of 1998
26 DOY 121 DOY 140 Wind
(Van), (IMF) B, , IMF
(BIMF)-
3.
NOAA 1963 1994
, SE
(soft error) 37.42% . 2532%  UNK
(unknown) ,

16.32% PC (phantom command)
TE 835%, ESDM  749%, PF  3.08%, NO VALUE



097%, SS  0.83%, 0.22% . UNK
bit-flip (SE)

TID , SEE

( , 2001a, 2001b).

. SAM (satellite anomaly management)

NOAA

2.7
ESD PC
ECEMP TE
. ESD ECEMP
ESD
, ECEMP

. PC



3000

2500}
2000} o=e
|  |muk
I aTE
g 15000 E
OFC
1000 | LIH=
W ESON
, |maTT
500t
T
0'_ L L L L
ESD ECEMP SEU RFI LRI
ol &fti4rel Bk
2.7
. SEU
)
, SEB (single

event burnout)

NOAA



(C & DH Subsystem) (TC
& R Subsystem) 54.37%

, ROM, RAM
. NOAA 5000
9%

(AOCS)
(25.40%) :
C & DH TC & R
: EPS 10.02%, payload 5.65%,
Thruster Prob. 4.17%, DDC 0.40%
(1) (Geosyncronous orbit: GEO)

28 211 NOAA



CME

GEOQo§A{ 2] 0| &6 &0 52| 57|
500 2500
4 400 2000
T”_ﬁ 300 1500 | _=pPC
gi 200 ’];‘ ‘rrﬁ'qﬁ 1000 —u—T:!l!l
T 100 'l’f s00
o B i 2
123 45 6 7 8 910N
Bl 2Fof &3
2.8 GEO PC
GEOH {2 0|al sl atn} siere F7|
20 2500
80 .
0 Ny 4 2000
ﬂ- m 1 ]llll
g s0 ;r:'r i 1 1800 [ pF
& 40 i I". 1 qo00 |—e—total
i I
Y PO L SO
u A i L I n i I D
12 3 45 6 7 8 9101
T S
29 GEO PF




(2)

15000Km

2.12

GEOO| A ] o abedAbDl g obs| 3|

250 ~—

200 ¢
4 Il,
g 150 | ".
al |
il \
T os0 A P £ Ill
oo *' |
D *__I_,-x- g —a— =
1 2 3 4 5 6 7 8 9 10101
CHEES
2.10 GEO TE

(Circular Orbit)

250Km 600Km
32000Km

(killer electron)

2500

2000

1500 | u-TE
1000 |~ Total
500

o

upset



(3)

2.13

GEOD A 2 O b Ao B2t 32|

:Iu] - 1 251]
L AN
% o .‘I' \I. 1 qo00 | —e—total
2 { 500

53 W \FA o

1 2 3 45 6 7 8 9 101
Elere &3
2.11 GEO SE
Circular Orbit

00
. A
3 & ﬁ i e SE
3 e yay 7N  Taa
) ISP

o z 4 ] 8 10 12
Solar Cycle

2.12 SE
(Polar Orbit)

2.14 5000K m

SEE

(ray)




4) (Elliptic Orbit)

ESDM
SEU
ESDM . ESDM
bit flip
Polar Orbitol| A{ 2| 0] 4bsd AT BRI
18 2500
14
& 12 IE'L 2000
ar 10 T
2 el —A | 1000 | —e—total
SR ——
0 _ﬁmmﬂ ]

1 2 3 4 5 6 7 8 9 10N
EjZk2| &3

2.13 SE



Polar Orhitod A 2] O|-abed ab 2k Bl 2r 71
14 2500
- :ﬁ I 2000
% 8 }L\ 1150 [ = PC
w8 . total
@ : _l\.\ J,- lll. 1000 | —e—
o el ,r"; .I'I .In 1 500
ool Tyge®, S8,
12 3 45 6 7 8 91011
Ej 2Fa) 7]
2.14 PC
Efliptical Orgital] 44 21 0] ate al Tt B 22 571
250 2500
i 200 ﬁl | 2000
% 150 ’( \ 1500 - E_S[-'.'hi
E; 100 - 1000 | —s— Tatal
5 \
o
E00
o |-
1234567 8 9101
Bf k2| 7|
2.15 ESDM
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Lyons et al. (1997)< IMFe % *2'?}9] W3l & ok g B 5 217
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E
o H9~
4o T

Lo

HE-g- Al FAFSHE @Jd, Troshichev et al.
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1. A9QAT7 29 HYds B2 2 24

Bfdatdae Sdo] B A5 & Fdel] FwEw wWEest (30
MHz~300 MHz)el Al dl A=l EFE (300 MHz~3000 MHz) tholl 2
FxoA F AEt AEFHE g ~HER] FRE ZEET o]
of B aE it #e #HSES ¥wA He e dt
=, sl AE GHUES Za7 3ted Azt W Atd dat
Zrel WstE gdste 54 2¥EH (dynamic spectrum: &5 A
= 7%, ¥E Ty ¥ 9

2 EFET (Wild et al., 1963).
R 2~HEA FEg g
TZXE B F dojof 3} o] & S WA #HSAREFYH ¥
(dl: FM, TV, Pager)¢t Bl w4 A5 AAL 4 A= A=A
7IHs e WA QA A5 HAEHFS Fus gqHE 7
7t (a) 30-100MHz °lA+= =4 HdZEES o 1IMHz (10 pixel, w=5),
(b) 100-500 MHzol A= ¢F 4MHz (6 pixel, w=3), (c) 500-2500MHzell
A= ¢F 10MHz (4pixel, w=2)2 ZAAsIFom Q3 A5 FHd 9

gF Z9E AAS] flete] flolA ARG o 2] A

715 7FA 3 #HAZE HEHS (minimum smoothing) & 35kt o] 7]
A HAaR HEste ARs A7) ¢kl e % T P A %k% 24
o] shagh thal ARESt= Zlolth, L A e T By 34
F AR Eges 28 F AT E 3102 AR A
3 AP Type II A9 E 35 AR=2AM, HA &5

g (159 Fes AT #5 A5 (oHE:)E BT
= Fes A 54 2FEQoRYEH 12 HEA9 (Prlmary
Emission) 9} 23} W& 43} (Secondary Emission)dl A W &%= F3b4
WSt (drift rate)$t Y A=y A5 9 RS —1%8&9—i’>‘1 Bl <
A2l Hegst= FATY S5 AAsAT (244 T, 1999).

.

F



ol ALg¥ Bk IR Ag MWk RHe 48] Newkirk 30 & A]
N(R) =4 %X4.2X10" xX10*¥F [m 319} 2Fo] #3

oyt IR FAFS S AR HEFES doTle HIE-AA
AN 2VEERE ARR Y] wiel Bggsed 93 ¢ W
st5 A 53t W% T35t (Dryer and Smart, 1984).

2000

200

-~
z
=
=
o
&
E
T3
i
™




2. STOA (Shock Time of Arrival) &3

dutd oz B IZ2Yo|A #FZFH= Type II Bl FH g2 2o] o 3
A gE Z2Y FA] AF AES AA7] EFF (Geomagnetic

Storm)®] AlZts Fal FRlEth wmeps FAIY A =3 AEE
2-34 e mE R AP FFEA dHoA v Fag 94
& AA sk A
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Shea 1985; Smith et al., 2000).
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F&5 g 7 WA GAE blast wave TGAIRA, S
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AT BFE 2o B AEol IZAR RS AN, & F
(quasi-spherical)®] B¢ 7FA Al @k olw Ef Y39 =
o WjAd £E= AMREW, FAS] JHE wE RS
ol dxlet= Ao 7ggitt, 1e] il blast wave
Lo thgk #ARYD RYFo] AW AR PSS (Smith et al,
2000). o]E ol tEAQ A9 A FHAAE et oI 2
},
- 4=zt

« 7] A3 5% (Type II BlY 3 25): ESS (3 3.2)

x Piston phase A% A7t (Soft X-ray Z# o1 A &A7H): ¢

# shock A &4 (38 Z9o &2 H-alpha Z#9)

x« Bl UE £ % (L1 satellite data): Vg
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A=, Olaid &2 19 314004 BoE Al 152 H[& 3 m$ ]
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A2 & XSy, 53] 12413 oo AFdHoz oHg H&
86% % Smith et al. (200009 AE oA HolF 53%°] Hls] XN =2
ezt gyl ¢S g A28 UEly] e B Asol
gk SAAQ A7 AP ojof grhar Azbgio
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Shock Fromt at S2-houdr Intervals

;}-EQ IT onsat l=s9 OB 23 05457 Twpa IL speed 1000.0  kEmis
Oriver and lagg OB 23 OBE1Z Solar flara at NZZ EdZ  dag
Shack at Earth lagg OB ZE 01447 Solar wind spasd 400.0  kmfs
Mach 2.3 l.0lgd ad Orivar duratian Ok 48m

a3 315 19999 6¢ 239 =3 Type I Bl u} &
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1270 ¢] Type II Ef &3 9428 215 9

¥ 32 AgAFAoA H=TH
STOA 23 J=8xs E SSC A59 H| i,
Solar Source SSC STOA
i X- Vsw ESS TT TTs ATs
No Date Time Location ey ¢ W b ° °
(UT) Flare (min) km/s km/s (h) (h) (h)
1 980731 0533-0544 N28E31 C29 50 440 600 - 74.8 fa
2 990526 0235-0242 N22E41 SF 10 450 650 - mhd -

3 990623 0545-0549 N23E42 MI17 46 400 1000 70.3 63 -2.3

4 991027 0432-0435 NOSE34 C53 66 390 1100 - 99.1 fa

5 000212 0412-0416 N26W23 MI17 &80 550 750 51.3 047 34

6 000302 0827-0831 S16W66 X11 11 400 1100 - 5.7 fa

7 000325 2235-2246 S14W02 C74 21 400 700 92.8 774 -154

8 000327 0647-0705 S17E42 C23 37 400 700 79 75 -15

9 000406 0228-0232 SI1SES3 MI18 20 400 800 81.5 789 26

10 000409 2338-2344 S14W01 M31 29 400 600 71.6 799 83

11 000412 0632-0637 S19W28 C21 11 400 600 83.5 mhd -

12 000520 0596-0602 S15W08 C76 19 400 650 90.0 80.8 9.2

@® Definitions and explanations : 7 = input pulse duration, Vsw =solar wind
velocity, ESS = Estimated Shock Speed, TTp = observed transit times,
TTs= transit times predicted by the STOA, ATs =TTs - TTp (predicted -
observed) transit times. fa : false alarms, mhd = shock is predicted to decay to
MHD waves.



A 1 A International Space Environment Service

1. International Space Environment Service (ISES)

International Space Environment Service (ISES)+
International Astronomical Union (IAU), International Union of
Geodesy and Geophysics IUGG)¢ 35 22 International Union
of Radio Science (URSD7} %93t  Federations of
Astronomical and Geophysical Data Analysis Services (FAGS) <]
AH] 2ot} ISES+ 1996 7H4] TUWDS (International URSIgram
and World Days Service)gtal 3t o™ TUWDS+ IGY Al 1959
ol A]Z}$t International World Days Service2t 19281 Al<4:3h
TAAZ A H] 25 Al FSE USRIgramse] URSI  Central



Committee®] A= 19621 =4 = Atk

ISES®] d%F& SF8AA-AR A&Ee wd 5374 #=3
s AYE A HHY zZEs, 5% A A F
EoF 79 AHEHIZE /I EFdd vAE TS =Y 7 UEF
w71 g Avlx & F3 FEA] A AARE
(near-real-time) =+ A #Z3 oHE FHsta st Aol

ISES®] 7]+4]<1 3714 €52 o# 2o AA, International
URSIgram Servicerx 33td 537 (space weather) 7 H <]

e WS A F3stal Regional Warning Centers (RWC)E 3l
dHE 3. =4, ISES+ "l International Geophysical
Calendar (IGC)E WHETE o] AU E HeatEe] AHS ==
PxE W= 59 ‘World Days'd 552 Al st AlA, €3¢
T7d 2 (monthly Spacewarn Bulletins)© A7 #%=<t A7t
Zhol A 352l A HHE Qo] b 1 9o ISESE 3
olE s, Oz@fﬁ/ﬂ‘ﬂ]’\% NAdskar, mgh ARG AFRAE
Jtie] 2 Ak A gEe] 734 1 g gigk ol & 57
#3 Working GroupsE %7 3t}

A 11709 Regional Warning Centers’} =431, AHES
China (Beijing), USA (Boulder), Russia (Moscow), India (New
Delhi), Canada (Ottawa), Czech Republic (Prague), Japan
(Tokyo), Australia (Sydney), Sweden (Lund), Belgium
(Brussels) @} Poland (Warsaw)oll 91x3stal it} doly w3k <
A & AH ol dHelHE Alwsta FAsh= Z7re] Al et
ZA%H Boulderdl & AlEH = Hloly gty oHE 93 F
Aol ¥&= “World Warning Agency”’ 24 W3 935 sty

WEE HolHe @t g £ coded JHEHEFE oln]H] #
< Bo 53¢ A=A 1 S5 I (format)7t v thgSt
g ISESE §3% dolge w3d IAHoz A9 ALEAE
ol HlolHE de ol&d F+ UA sth = RWCs <419 Tagh
ol L A G HEHA S AEA LFAlA MBI AE AlEste
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Aolt}, o]y AulAeE HE BY-XF 27 (solar terrestrial
environment)2] <X e} HEZ o]Fo]X W AMA 3o EA =
RWCs+ dE AMEAHE w5 FH Wl thdstAl gkt ISES Al ~H
o F8 ] & RWCs7F 119 553 Qo wel Auj~E
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2% 4.1 ISES RWC 7Fd= % 719 $1A.

B4 delE el dno] glojA ISESS e Heldel ¥
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| FEA77] S, BE-AT SEe B & o
= Al Aeoln, o]z d d Aol [E}E]r ISEST 3}
ZF 0 odlBAkel oA RAFERZE EA Sk “Solar  Terrestrial
Prediction Workshops”=S Alg 3%ttt A =74  Boulder (1979,
2001), Meudon (1984), Sydney (1989), Ottawa (1992), and Japan
(1996)° A1 6¥H 2] 3|7} YA,

I[SES+ A& Aok Mds st d7239 Aoz

AR mobEm, 1 YRS FHHY] s AL @ FA Au s

AZ B3 Py 45 Ag@ch [SESE B ICSU 24 5%
Ades AAstel dsha, 1B $FHF el ulgsheln

$e}, ISES+= STP World Data Centers (WDC)®F EH3sHAl & &
shal ok A AAZEe 2 [SESOlA tF = duE HoHE &
< WDCsoll A 2% Bybet,

ISES+ ISES 99, 7} ISES 4lH<¢ diie IAU, IUGG %
URSI #o] #4o] 2+ International Council of Scientific
Unions (ICSU)el A&7+ EZ +A9% Directing Board (3%
4.9 93 ##F ). Directing Board= A1=% Directorel] 2] 3H
FEH, 1de g 31ds 7FRITh

2. Regional Warning Centers® S &3 <
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3. Warning center®] ™3 ISESY 4
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3t 4.1 Members of the ISES Directing Board.

Title Host institution Location Delegate
ISES Director Communications Research Laboratory [Tokyo K. Marubashi
Deputy Director Vacant
Secretary . .
National Geophysical Data Center Boulder H. Coffey
for World Days
WWA for Satellites |Goddard Space Flight Center Goddard |J. King
Secretary )
Space Environment Center Boulder J. Kunches
Space Weather
RWC Australia IPS Radio and Space Services Sydney R. Thompson
RWC Belgium Royal Observatory of Belgium Brussels [P. Cugnon
RWC Canada Geological Survey of Canada Ottawa H. Lam
RWC China Beijing Astronomical Observatory Beijing H. Wang
RWC Czech Republic |Institute of Atmospheric Physics Prague D. Buresova
RWC India National Physical Laboratory New Delhi [D. Lakshmi
RWC Japan Communications Research Laboratory [Hiraiso T. Maruyama
RWC Poland Space Research Centre Warsaw  |Z. Klos
RWC Russia Hydrometeorological Service Moscow  |P. Svidsky
RWC USA Space Environment Center Boulder J. Kunches
RWC Sweden Lund Space Weather Center Lund H. Lundstedt
. E.A. Tandberg
FAGS representative
-Hanssen
IAU representative National Geophysical Data Center Boulder H. Coffey
IUGG representative |National Geophysical Data Center Boulder H. Coffey
USRI representative |Communications Research Laboratory |Tokyo K. Marubashi
USRI representative |IPS Radio and Space Services Sydney P. Wilkinson
USRI representative |Hydrometeorological Service Moscow S. Pulinets




A 2 A Regional Warning Centers (RWCs)

1. RWC Australia (IPS Radio and Space Services,
Sydney) : http://www.ips.gov.au/

TH7IH# IPSE EF AF7]3Q Department of Industry
Science and Resources® & 7]7oli 35 g dute} 53k
AR ~E AFe. dA SFIRALHE BT IPS AA
b 3744 el (IPS Real-Time Space Weather Status Panel)

& ATt Yov, AAe) oleF A, L oY Adelol w@
7% £33 BuAs du, 3o, dn 5% AFsa Aok =

gt IPS Ionosonde UELS Fal AA o8 AdoA A

Ionogram ©]" A9} ZF Learmonth #=AolA #H=3F EYF
H-alpha ©|"A], Culgoor #3429 YA} (Solar Radio
Spectrograph) = o|u]x] & A&F3ta Udrt. 2 29 SOHO
s dolele} ACES IMFSF Zet2nt HolHER Al-Fsta 3l
o glan ool o] AlgAte] wE 53 R AlF H o

Ag ¢4 9l

CUSTOMER SUPPORT PAGES
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HF in Auztralian Region HF in Morth American Begion

HF Radio in New Zealand Region HF Radio in European Region

HF Radio in North Atlantic HF Radio in Japanese Region




7}. HF Radio®} % 74 B 31 A

(1) AAZ 5374 ’E}Eﬂ A H] 2 (IPS Real-Time Space Weather
Status Panel)

(71 &= ®A

IPS Real-Time Space Weather Status Panel

Solar Conditions
Recent ¥- Solar Wind

Culgoora/Learmonth
CurrE;:‘Li—Fla!.l' Ray Flare SDEFJFand Spectrograph
List Direction Data

o

HF Propagation Conditions

. Fadeout SWFE PCA Event
HEWariig Monitor Warning Status

i

Real Time lonospheric Conditions

: North
Australia/NZ Ameria

Europe

R

Real Time Geomagnetic Cc.)'nditions

Corrent Current
Regional Heqians Aurora Alert
e, Wateihg Estimated K- Puleat;?inn Status
Index Index

. i

A4 X-A EE€2x X-A Fdo] g2E, HYS £% IMF %
3k Culgoora/Learmonth spectrograph Hl©ol¥ &< el “JH, HF
A B fadeout =Y E1 short wave fadeout (SWF) 7§E, A =

/polar cap absorption) &< HF ﬁﬁr ’2}‘31, 3T WLT"a] de=, 51



1 T AT 59 AR o]=F A, IPS A A7 AH, dA &
TAY9 dF-K A5, IPS 222 d X2, A&7 pe3 pulsation A5
59 dA zA7] FEiE Al g

() & o5 =1

AA o] 2F A} AB|AZA T X5 2d/89/9H, MUF H
IA foF2, ol&% TEC A% % Culgoor TEC 52 AlF3t} =
sk GPS<e IRI®] ¢dl&% TEC Hl1¢t fadeout #Al, ionograms ‘&

= A&

Latest Learmonth lonogram

Learmonth 13/10,/2001 05:00 UT
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(2h) & i<

dA HIFEHE Hele BEREA BHELEE (solar activity)
ag/a o/ dE, #5 2 A5 HYESAT, FHo £ 2, fadeout
A (23 fadeout ¥ oS, HYEF X-H &9
°olf 5 AFdt 53] Learmonthol A #=3F Bl F 37, 2
A Bl A T B33 AR plage 99 #S 7 E A U FE 7Y
H-alpha®t #A3 24 715 2 S dd & H
ot} o] AR} fluenced 27Y€ dH, AA A F vty v
o QIX|, HE 4841 oA FHdHo] T& AH| A3, SOHO
Hds dole X-4 Zdo))et ACE dHole (343 27149 =
gt=m}) Costello o5 AA7]&5 A4 T% A
Learmonthol Al #3573t quiet Bl A3 EEH 2~
S (AN G4, A G AR, dd G & ATET
Learmonth #SF4olA < 338/d3 #=3 jonogram< A3 3taL,
Culgoor #54dAM = A3 £33 A5, HL9 H-alpha 94, &
Aol Edol 55 AT Q)
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|Leammonth H-Alpha Full disk ~Catalogue - 2hr Review|Learmanth H-Alpha Large Scale

Learmorth H-Alzha 13 0zl 2 35U Lsarrmonty H—alpaa 13 Ozt 2091

Type: Full Diac Tipe: Rgr @56

[GONG Wihite Light-Animated Revew |GONG Magnetogram-Animated Review

Learmznth & Learmznth 500

The GONG instrument at Learmonth Solar Observatory is one of of six solar velocity imagers in the world-
wide GONG network operated by NOAQ (U5, National Optical Astronomy Ohservatories),

Real-Time Display from the Learmonth Solar Radio Spectrograph (SRS)

% 44 Learmonth H-Alpha %3%.
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- IPS X131, Warning, Alerts % dx: &4,
~A g+ &8 Bi 3k HF A3 B
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AR 2+ Short-wave fadeout (SWF) AH, 2= 4
o AR7] AR Fo] 9l

(1) $1%8 2 GPS o] &a& 9gh Anj~
- AAZE AR GOES #1489 ¥4da 2 AA Flux, X-Ray
flux ¥ FH<9 X-Ray Flare 715, HH&3F $59 3
Az A7, A7 AAYE BE T
- TEC 5 A% 7o wdil= F4, 42 A &
- ] dE AT BAAE A8 oleF AR, Y
AR A A Al S

o
=)
H
=
o
ol

2) ATEE ASAE AT A4
- AAE AR F=4¥" K A5 3% O™, pe3 vs A R
A&7 A5 A
- Ba gl ooE: AT g AgEe 2o F3 o9 U3 ®
AL, IPS A[A7] A K

-2 Ru AN A%, AR BE A% K AS

(3) HF A3} AF-8-=}
- T A& AAZE 9B A% (Hourly Area Predictions
(HAP), Local Area Mobile Prediction (LAMP)), ©]<&

s Ax, T A <



- @3} fadeout: AAIZF =3, %Eﬂ‘ﬂ =3t

- A B AMu| s Ao HE oS de = o

- &3} fadeout: AAIZF =X, FdHo] =%

2 9 IPSOlM Algsts Muls

(1) &% st 99 HF AEAE 98 %

(2) AN A A w2
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5 918 ASAPS® A W3 dutE 918 GWPS o]t
(7F) Advanced Stand Alone Prediction System (ASAPS)

ASAPS+= HF

gre ~fE] FAGHE

z=x3

2% B93 CCR 292 wgoz @t HF 4L

3T
EE—JI]_/_\"

B 3-D SHHIY o5 siE ) ‘:41 4, 10.7cm
Xﬂ*&f&"/‘r. HF &A=

2E (probability), %
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s HY/leT ATE
AT elie AHFoE, N5/4E, e,
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A (point-to—area) field %= o< GRAFEX X,
GRAFEX 1= FuA8, HAAFa5 2d=Z field 4=
MEE 55 RAFE FdAH (point-to—point) HF A 3k9} field
AT dEE vt Fuj7bE S AUD 3759t

(W4) A3 A3 (Ground Wave Prediction System: GWPS)
GWPSE 54 H4ae 9% stollA AHI (ground
wave)®] TEHS (range)E FASTH. F4A79 FI, 9],
DAz e RS fFaHYe Ak AVFAVE FA4
T oATh T FolX Fa e diEl FI/AIzke] AAE
T AT FHi7EE > AUD 540t

e n@

A&

2. RWC Belgium (Royal Observatory of Belgium,
Brussels) : http://sidc.oma.be/index.php3

o] Fe XV 284 A EIT °]v| A, EIT 97, LASCO 9%
= BoFH ohFo H WA duo]lE Hu HYSH dHolH &
e 2 JHolE Ha EFEFH A LdE HIT dEH 3
Ursigram 3= & AB[2s8tal v 18] al w5 g fa 2[#}7]
S delFe FAAE Tt 9
3. RWC Canada(Geological Survey of Canada, Ottawa)

. http://www.geomag.nrcan.gc.ca/geomag/e_ottrwc.html

RWC Myttel A= 27| &5 tia A5 9 drEs Aest
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A A7 % JE = 5% A 4843t dlBel A 24413 7]



o

S A B3} short-term ol E b 12A17F 1HA 9 274 7Ho Oﬂﬁ
HBA 715S dHlong-term X7} Ak wjd wWEAR = 7
e dHE HIE 01*9“0}04 wolE & dth =% FTP /‘}O]
(www.geolab.NRCan.gc.ca)E& T3 drRE AFsta Ju.
o Canada®l Geological Survey of Canada®lA = A #7] W&}
ek 27 3o o BE u 3Fwith webn ook A A 27
el AA7|SE 7|2S $HORE BHUYE AdRE A st
BE dXRE 3709 AR 9, S sub-auroral (SU), aurora
(AU), % polar cap (PC) o2 r}iyFo] sz,

Qm&éﬁlmlx@m

Sunspot index graphics

Click on figures for more detail
Grachics are uedaled every firsf of the manth

of
I e L m L o Lo M0 AT AT 1T 1D TR T [ TR IRE WIS

The daily, monthly and momnthly The monthly and monthly = ]

smoothed sunspot numbers for  smoothed sunspot numbers are
the last 12 years, and 12 months  plotted for the present cycle and
ahead predictions. the four last cyvcles. "t

™ " - - - 15903 19I35 19I90 19I95 20I00 :m 100 1EED S 041 {GE D W I 1o e md
The north and =outh components
of the monthly smoothed sunzpot  Maunder "butterfly” diagram. Th t ber si
number for the present cycle and € SU”SD??QSW er since
the last four cycles. '

a1 45 HY A ST 2d8= (RWC Belgium).



U Ay AR #E4a

National Geomagnetism Program of the Geological Survey+—
143 (Alert, Baker Lake, Cambridge Bay, Fort Churchill,
Glenlea, Igaluit, Meanook, Mould Bay, Ottawa,
Poste-de-la-Baleine, Resolute Bay, St. John's, Victoria, %
Yellownkfe & 143t2] Nyttt A A7 #5429 MEHLS &9kl
ol ZF AFAe AAV|HIE lﬂﬁi A &3t
INTERMAGNET®| Foldt= vttt Aar|as49 vAd A=

+ Ottawa GIN automatic data =+ FTPE % 3H d&s F

o Aud AR dE A5

Myttt K A5+ Ottawa, Meanook®} Victoria Al 3ol A 3
H As=ERk AdbEn A mAIzE W9, wiAIzE F, Hd
Msl&S EE CANMOS (CANadian Magnetic  Observatory
System) #5404 SAHFHIL AFET. CANMOSE Geological
Survey of Canada (GSC)ol <3l A=+ Ayt AA7|HS54
o] 2AF3st FEOZHA modular PC-based HlolEH F3 AlZ=glo]
},

#. INTERMAGNET
INTERMAGNETS AF AAI7E 27| gE v EYol 1, sjtr}
o] 1 = INTERMAGNET®l 27 A& 2 zﬂfg— st 9},

i&

4, RWC China (Beijing Astronomical Observatory,
Beijing) : http://www.bao.ac.cn/bao/org/sec/

>

RWC China+ 19924 FHHEAJL, F+ d5F+= F AlEHQ Space
Environment Center (SEC)olA 3 H . SECAANE= ta3 #
2 M F7FY HAYEFARE L



- B soft X-ray &3 HY ZEE oWIES] @] on

- Short Wave Fade-out (SWF), B Z2 & o|HE 2 S 59
=71 A9) oK

-1 2 EF F7] (solar cycle)®] AlZbEt B SHFE AR

s F7] dlHold

} 3@ A= Solar-Terrestrial Data
A7 2 E/73T g 2=
2~ < 10pfu), 1 (10 pfu<= FH Uy
TRE ZFH2A <100 pfw), 2 (HW ZEE ZY 2 >= 100 pfu)
o, Fof g2+ AYA7E 10Mev ©]749 Apvko
CHY Xeray E29 ZAEE 37HA (C, M, X)E T8
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Gl R FrdRE 247 F 5 A3 9 23] A HFAHo
2 oushs Aulzolth wel Frldne g BlFF] 5

5. RWC Czech Republic (Institute of Atmospheric
Physics, Prague)
. http://sunkl.asu.cas.cz/english/depart/solar/SolarActivity.html

RWC Czechol A= BlSEES #2381 1599 HAIFFS 4
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6. RWC Japan (Communications Research Laboratory,
. http://hirweb.crl.go.jp/index.html
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7. RWC Poland (Space Research Centre, Warsaw)
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8. RWC USA (Space Environment Center, Boulder)
‘http://www.sec.noaa.gov/index.html
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9. RWC Sweden (Lund Space Weather Center, Lund)
. http://hirweb.crl.go.jp/index.html
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Kp/AE A<, ionospheric scintillation, % A/ A7]¥ 3} 5)o thsh
ARE Azt vt T 949 ol FAEH drag, T4 AH,

of gt

AGA WAL 9P, D Aol Aol F= AR Sl
3)

o %= A-&3stal g},

|
wm
@)
s
o
fuj
o2
o2,
oy
fuj

L} o ¥ MH] 2 (Forcast Service)
AdrERAH| A= Foof AR 2 FFIAFY dHe} 1 g3t

= AEeal ATk



N
>
N
@
=
)
a
%
°
=<

- A di71H: A7 50 keV WA FY 2~ F9], 28 AR
1

1. Northwest Research Associates (USA)
. http://www.nwra-az.com/nwra_spawXx.html
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gt == 313 STOA . html

<html>
<script language="JavaScript”’>
<-=
function showdata(){
leapyear = (((document.calc.year.value % 4 == 0) && (document.calc.year.value
96 100 !'= 0)) || (document.calc.year.value % 400 == 0)) ?1:0
if ((document.calc.year.value == null || document.calc.year.valuelength == 0|l

document.calc.year.value < 0)||
(document.calc.month.value==null || document.calc.month.value.length == 0l
document.calc.month.value>12 || document.calc.month.value==0I|

document.calc.month.value<0)||

(document.calc.day.value == null || document.calc.day.value.length == 0) ||
(document.calc.ep.value == null || document.calc.ep.value.length == 0) ||
(document.calc.tO.value == null || document.calc.tO.value.length == 0)||
(document.calc.v0.value == null || document.calc.v0.valuelength == 0) ||
(document.calc.swv.value == null || document.calc.swv.valuelength == 0)||
(document.calc.long.value == null || document.calc.long.valuelength == 0)||
(document.calc.lat.value == null || document.calc.lat.value.length == 0)||
(document.calc.month.value == 2 && document.calc.day.value> (leapyear ? 29
223

(document.calc.month.value == 3 && document.calc.day.value> 31)]]
(document.calc.month.value == 4 && document.calc.day.value> 30)]]

(document.calc.month.value == 5 && document.calc.day.value> 31)]]

(document.calc.month.value == 7 && document.calc.day.value> 31)]]

)
)
)
(document.calc.month.value == 6 && document.calc.day.value> 30|
)
(document.calc.month.value == 8 && document.calc.day.value> 31|
)

(document.calc.month.value == 9 && document.calc.day.value> 30

(document.calc.month.value == 10 && document.calc.day.value> 31)||
(document.calc.month.value == 11 && document.calc.day.value> 30)||
(document.calc.month.value == 12 && document.calc.day.value> 31))

{ document.calc.stoa.value = "Incomplete data”



document.calc.stoal .value = "Incomplete data”
}

else

var years = eval(document.calc.year.value)
var months = eval(document.calc.month.value)
var days = eval(document.calc.day.value)
var eps = eval(document.calc.ep.value)
var t0s = eval(document.calc.tO.value)
var v0s = eval(document.calc.v0.value)
var swvs = eval(document.calc.swv.value)
var longs = eval(document.calc.long.value)
var lats = eval(document.calc.lat.value)
var nns = 0.45+(v0s-1000.)*0.0004

t0s = t0s*3600.
var dd = v0s*t0s/(1.5*Math.pow(10,8))

/A ET ATFA L AHE 15%10°8= T4 8}

var n=1001

var jd = 275*months/9+days+eval(1721029)+367*years
-7*(years+(months+9)/12)/4
-3*((years+(months-9)/7)/100+1)/4

var jds = jd - 05 + eps/24

var t = (jds - 2415020)/36525

var mnl = 279.69668 + 36000.76892+t + 0.0003025%t*t

mnl = mnl % 360
var mna = 35847583 + 35999.04975%t —0.000150*txt — 0.0000033*t*t*t
mna = mna % 360

var radeg = 180./Math.PI

var e = 0.01675104 - 0.0000418+t — 0.000000126*t=t

var ¢ = (1.919460 - 0.004789+t - 0.000014+*t+t)*Math.sin(mna/radeg)+
(0.020094 - 0.000100+t)*Math.sin(2*mna/radeg) +
0.000293+Math.sin(3*mna/radeg)

var ta = (mna + ¢)%360

var true_long = (mnl + ¢)%360

var dist = 1.0000002%(1. - e*e)/(1. + e*Math.cos(ta/radeg))

var theta = (jds - 2398220)%360/25.38



var 1 =725
var k = 74.3646 + 1.395833+t
var lamda = true_long - 0.00569
var obl = 23452294 - 0.0130125*%t - 0.00000164=+t+t + 0.000000503:*t:*t*t
var omega = 259.18 - 1934.142x*t
var lamda2 = lamda - 0.00479=«Math.sin(omega/radeg)
var diff = (lamda - k)/radeg
var x =Math.atan(-Math.cos(lamda2/radeg)*Math.tan(obl/radeg))*radeg
var y = Math.atan(-Math.cos(diff)*Math.tan(i/radeg))*radeg
var pa =X +y
var lat0 = eval(Math.asin(Math.sin(diff)*Math.sin(i/radeg))*radeg)
var ra=eval((Math.PI)/180)
var longs=longs*ra
var lats=lats*ra
var latO=latO*ra
var p=pasra
var dum=Math.sin(lats)+*Math.cos(lat0) -
Math.cos(lats)*Math.sin(lat0)*Math.cos(longs)
var duml=Math.cos(lats)*Math.sin(longs)
var pmt=Math.atan(dum1/dum+0.00001)
var rho=Math.asin(dum1/(Math.sin(pmt)))
var th=p-Math.asin(dum1l/Math.sin(rho))
var uu=6.96xMath.pow(10,5)
var tt=1.5%*Math.pow(10,3)
var s=Math.asin(uu/dist/tt)
var xl=eval(rho/(1./s-1.))
var ss=[Math.sin(x1+rho)-x1/s]
var ssl=[Math.cos(x1+rho)-1/s]
var term = eval(ss)/eval(ssl)
var epsl1=0.01
var diff=0.1
while (diff >eps1 ){
var terml = term
var x_new = x1- terml
diff= Math.abs(x1-X_new)

x1=X_new



//newton function=x=x-1(x)/df(x)
var rl= X_new
rl=eval(206265.#r1)
var rs=Math.round(s*206265.)
var sinth=rl/rs
var costh
if ((sinth) < 1.) { costh=Math.sqrt(1-sinth*sinth) }
else { costh=0. }
var costhl=Math.cos(longs)
var distl=Math.sqrt(dist*dist+dd*dd-2.*dist*dd*costh)
var dist2=distl +dd
var rr= new Array(n)
for(var m=0; m<=n-1; m++){
rrlm]=(dist2/(n-1))*m
}
vt= new Array(n)
tl= new Array(n)

for (var u=0 ;u<=n-1l,u++)X{

if(rrful>dd)
{ vtlul=v0s*0.5%(1+costh1l)*Math.pow((dd/rr[ul),nns)+eval(swvs) }
else { vtlul=vOs+eval(swvs) }
if (u>D{tllu-11=Grlul-rrlu-1D=2./(vtlul+vtlu-1]) }
}
var total=0
for(u=L,u<=n-2;u++){ total=total+tl[u] }
//time=shock time of arrival
var time=total*1.5*Math.pow (10,8)/3600.
document.calc.stoa.value = eval(time)
timel=eval(time+eps)
if((timel)>=24&&(timel)<48) {days=days+1; timel=timel-24}
if((timel)>=48&&(timel)<72) {days=days+2; timel=timel-48}
if((timel)>=72&&(timel)<96) {days=days+3; timel=timel-72}
if((timel)>=96&&(timel)<120) {days=days+4; timel=timel-96}



if((timel)>=120&&(timel)<144) {days=days+5; timel=timel-120}
if((timel)>=144&&(timel)<168) {days=days+6; timel=timel-144}
leapyear = (((years % 4 == 0) && (years % 100 != 0)) || (years % 400 == 0))
?21:0 //&d A
if(months==1&&days>31){ months=months+1; days=days-31 }
if(months==2&& days>(leapyear ? 29 : 28)){ months=months+1;
days=days—(leapyear ? 29 : 28) }
if(months==3&&days>31){ months=months+1; days=days-31 }
if(months==4&&days>30){ months=months+1; days=days-30 }
if(months==5&&days>31){ months=months+1; days=days-31 }
if(months==6&&days>30){ months=months+1; days=days-30 }
if(months==7&&days>31){ months=months+1; days=days-31 }
if(months==8&&days>31){ months=months+1; days=days-31 }
if(months==9&&days>30){ months=months+1; days=days-30 }
if(months==10&&days>31){ months=months+1; days=days-31 }
if(months==11&&days>30){ months=months+1; days=days-30 }
if(months==12&&days>31){years=years+1;months=1;days=days-31}
document.calc.stoal.value = years +"%d"+months+"¥"+days+" ¥ “+parselnt(timel)+

"Al"+parselnt((timel-parselnt(timel))*60)+" %"

//=FZA T AL

//RES ARARE
</script>
<body bgcolor="#{fffff">
<center><font color=blue size=5>STOA Model
(Shock Time of Arrival Model)</font><center>
<center>
<form name=calc method=POST>
<table width=60% border=0>
<tr><th bgcolor="#C0C0C0" width=50% >
<font color=black>Description</font></th>
<th bgcolor="#C0C0C0" width=50%>
<font color=black>Data Entry</font></th></tr>
<tr><td bgcolor="#c0c0c0"><font color=>Year (yyyy)</font></td>



<td bgcolor="#C0COCQ" align=right><em><font color=black>

input data</font></em> <input type=text name=year

size=10></td></tr>

<tr><td bgcolor="#C0COC0"><font color=black>Month (m)</font></td>

<td bgcolor="#C0COCQ" align=right><em><font color=black>

input data</font></em><input type=text name=month size=10></td></tr>
<tr><td bgcolor="#C0COC0"><font color=black>Day (d)</font></td>

<td bgcolor="#C0COC0" align=right><em><font color=black>input data</font>
</em> <input type=text name=day size=10></td></tr>

<tr><td bgcolor="#c0c0c0”><font color=black>Ephemeris

time(ep)in hour (h)</font></td><td bgcolor="#C0C0C0" align=right><em>
<font color=black>input data</font></em> <input type=text name=ep
size=10></td></tr>

<tr><td bgcolor="#C0C0C0"><font color=black>piston driven

time (h)</font></td><td bgcolor="#C0C0C0"

align=right><em><font color=black>input data</font></em> <input type=text
name=t0 size=10></td></tr>

<tr><td bgcolor="#C0C0C0"><font color=black>Shock

velocity (km/s)</font></td><td bgcolor="#C0C0C0" align=right><em>

<font color=black>input data</font> </em> <input type=text name=v0
size=10></td></tr>

<tr><td bgcolor="#C0C0C0"><font color=black>Solar wind

velocity (km/s)</font></td><td bgcolor="#C0C0CQ" align=right><em>

<font color=black>input data</font></em><input type=text name=swv
size=10></td></tr>

<tr><td bgcolor="#C0C0C0"><font color=black>

Heliolongitude (degree)</font></td><td bgcolor="#C0OC0OC0" align=right><em>
<font color=black>input data</font> </em> <input type=text name=long
size=10></td></tr>

<tr><td bgcolor="#C0C0C0"><font color=black>

Heliolatitude (degree)</font></td><td bgcolor="#C0OCOC0" align=right><em><font
color=black>input data</font></em> <input type=text name=lat
size=10></td></tr>

<tr><td bgcolor="#C0C0C0"><font color=red>Shocktime of

arrival (h)</font></td><td bgcolor="#C0C0C0"

align=right><em><font color=red>Calculated</font></em> <input



type=text name=stoa size=10></td></tr>

<tr><td bgcolor="#C0C0C0"><font color=red>% 2tA] 7+</font></td>

<td bgcolor="#C0C0C0"align=right><em><font color=red>Calculated</font></em>
<input type=text name=stoal size=20></td></tr> //ANE &% 8%
<tr><td bgcolor="#C0C0C0"align=center><input type=button onClick="showdata()’
value=Calculate></td><td bgcolor="#COC0CQ" align=center><input type=reset
value=Reset></td></tr>  //onClick=click button , reset=EE #°] Z7|ZHZ=
</table>

</form>

</center>

</html>



