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A catalog of 1377 geomagnetic storms with peak Dst (Dstp)≤−50 nT for the period 1957–2008 has been compiled. The dependence of Dstp on the solar cycle and annual variation are studied in this paper. It is found that geomagnetic storm peak intensity distribution can be described by an exponential form, , where P is the probability of geomagnetic storm occurrence with a given value Dstp. The updated solar cycle and annual distribution of geomagnetic storms have confirmed the expected behavior. For the solar cycle variation, geomagnetic storms display a two-peak distribution, with one peak close to solar maximum and the other a few years later in the beginning of the declining phase. Geomagnetic storms follow the well-known seasonal variation of geomagnetic activity. More intense storms show a peak in probability occurrence in July, confirming previous observations. These results are of practical importance for space weather applications.
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16
67

02/11/1983
10
53

10/11/1983
1
54

12/11/1983
9
82

10/12/1983
18
61

04/01/1984
9
68

04/02/1984
6
81

10/02/1984
22
53

14/02/1984
6
65

02/03/1984
1
90

06/03/1984
9
63

23/03/1984
12
53

28/03/1984
22
105

03/04/1984
2
88

04/04/1984
24
120

08/04/1984
9
99

26/04/1984
4
93

01/05/1984
16
62

05/05/1984
20
58

19/05/1984
7
54

21/05/1984
9
77

24/06/1984
2
58

13/07/1984
15
88

01/08/1984
7
112

28/08/1984
1
60

05/09/1984
8
125

19/09/1984
13
73

23/09/1984
18
75

26/09/1984
14
65

07/10/1984
4
65

18/10/1984
18
86

01/11/1984
11
58

16/11/1984
8
141

30/11/1984
7
63

26/12/1984
13
54

01/01/1985
21
53

09/01/1985
9
52

28/01/1985
16
125

06/02/1985
9
61

28/02/1985
7
85

05/03/1985
19
56

09/04/1985
17
62

19/04/1985
21
57

21/04/1985
7
158

28/04/1985
11
98

30/04/1985
15
66

02/05/1985
7
81

10/06/1985
4
77

12/07/1985
19
65

31/07/1985
24
58

13/08/1985
6
51

31/08/1985
10
65

19/09/1985
12
60

05/10/1985
6
86

02/11/1985
22
52

27/11/1985
14
50

29/11/1985
24
147

10/12/1985
15
54

13/12/1985
15
82

19/12/1985
11
87

28/12/1985
11
59

30/12/1985
17
63

06/01/1986
23
79

21/01/1986
20
76

09/02/1986
1
307
28/02/1986
20
61

06/03/1986
23
84

13/03/1986
17
56

02/05/1986
23
79

06/05/1986
22
94

28/06/1986
1
60

12/09/1986
7
170

15/09/1986
19
55

23/09/1986
6
60

13/10/1986
22
101

27/10/1986
17
65

04/11/1986
11
100

25/11/1986
19
105

25/05/1987
8
58

27/05/1987
11
58

29/05/1987
11
51

06/07/1987
20
60

29/07/1987
9
100

25/08/1987
22
97

10/09/1987
24
82

22/09/1987
24
53

26/09/1987
8
70

30/09/1987
4
57

03/10/1987
18
87

11/10/1987
21
53

25/10/1987
4
67

02/11/1987
21
53

03/11/1987
19
57

23/11/1987
11
65

27/11/1987
5
53

16/12/1987
7
70

22/12/1987
2
59

02/01/1988
21
88

06/01/1988
20
80

14/01/1988
24
147

05/02/1988
8
62

15/02/1988
12
52

22/02/1988
18
130

26/03/1988
22
154

04/04/1988
18
133

22/04/1988
10
108

06/05/1988
11
160

18/05/1988
10
59

22/07/1988
4
55

09/08/1988
22
65

22/08/1988
5
62

11/09/1988
22
88

18/09/1988
23
61

06/10/1988
19
87

10/10/1988
18
156

18/10/1988
20
69

02/11/1988
17
54

08/11/1988
23
63

30/11/1988
16
111

17/12/1988
11
73

25/12/1988
18
85

05/01/1989
18
92

11/01/1989
22
129

16/01/1989
1
123

20/01/1989
20
120

01/02/1989
5
67

03/03/1989
22
82

09/03/1989
2
101

14/03/1989
2
589
16/03/1989
14
117

19/03/1989
22
105

23/03/1989
22
106

27/03/1989
24
87

29/03/1989
22
125

05/04/1989
9
101

07/04/1989
19
85

13/04/1989
18
56

14/04/1989
23
100

23/04/1989
19
60

26/04/1989
7
132

02/05/1989
7
51

05/05/1989
7
86

07/05/1989
21
90

24/05/1989
19
82

26/05/1989
24
66

07/06/1989
12
84

10/06/1989
16
142

14/06/1989
21
79

30/06/1989
4
52

01/07/1989
23
54

10/08/1989
17
75

15/08/1989
6
145

21/08/1989
22
85

23/08/1989
21
72

29/08/1989
6
152

04/09/1989
7
67

16/09/1989
5
124

19/09/1989
5
255
26/09/1989
20
151

19/10/1989
8
80

21/10/1989
12
267
03/11/1989
14
75

13/11/1989
19
121

17/11/1989
23
266
02/12/1989
5
85

05/12/1989
1
79

22/12/1989
15
58

27/12/1989
20
53

30/12/1989
1
103

25/01/1990
1
57

01/02/1990
19
66

04/02/1990
19
65

07/02/1990
22
80

14/02/1990
11
51

16/02/1990
3
99

25/02/1990
22
98

06/03/1990
5
59

12/03/1990
24
162

19/03/1990
2
67

21/03/1990
7
136

25/03/1990
24
111

30/03/1990
12
187

10/04/1990
19
281
12/04/1990
9
174

17/04/1990
14
113

21/04/1990
6
70

24/04/1990
10
106

29/04/1990
10
98

11/05/1990
24
73

17/05/1990
17
57

22/05/1990
20
90

27/05/1990
9
87

09/06/1990
16
62

13/06/1990
4
150

14/06/1990
17
90

29/07/1990
4
129

01/08/1990
23
57

16/08/1990
15
55

22/08/1990
11
98

26/08/1990
14
113

10/10/1990
9
133

22/10/1990
22
57

24/10/1990
6
63

16/11/1990
12
52

27/11/1990
22
135

01/02/1991
24
79

05/03/1991
16
55

10/03/1991
5
66

13/03/1991
1
60

25/03/1991
1
298
30/03/1991
21
85

03/04/1991
11
78

04/04/1991
21
83

29/04/1991
18
97

02/05/1991
21
67

14/05/1991
18
74

17/05/1991
10
105

25/05/1991
6
60

31/05/1991
17
84

05/06/1991
20
223

10/06/1991
19
107

11/06/1991
7
140

13/06/1991
22
114

18/06/1991
3
70

24/06/1991
1
79

30/06/1191
22
55

03/07/1991
8
57

09/07/1991
15
194

13/07/1991
16
183

17/07/1991
7
94

02/08/1991
13
114

06/08/1991
5
89

12/08/1991
20
99

14/08/1991
24
77

19/08/1991
9
170

20/08/1991
13
143

27/08/1991
23
60

30/08/1991
22
107

10/09/1991
5
96

25/09/1991
22
84

02/10/1991
4
164

06/10/1991
18
61

08/10/1991
19
84

10/10/1991
6
59

20/10/1991
12
78

21/10/1991
16
94

24/10/1991
8
77

29/10/1991
8
254
01/11/1991
20
194

05/11/1991
1
92

09/11/1991
2
354
19/11/1991
9
107

22/11/1991
2
139

17/12/1991
2
55

27/12/1991
23
74

08/01/1992
20
52

11/01/1992
22
95

13/01/1992
10
67

03/02/1992
9
170

07/02/1992
14
56

09/02/1992
9
201

21/02/1992
8
171

25/02/1992
6
140

26/02/1992
22
174

28/02/1992
19
118

21/03/1992
19
66

30/03/1992
2
51

03/04/1992
17
105

20/04/1992
6
52

08/05/1992
19
64

10/05/1992
15
288
19/05/1992
21
53

22/05/1992
18
102

08/06/1992
6
81

11/06/1992
22
60

18/06/1992
22
76

30/06/1992
1
86

22/07/1992
10
52

05/08/1992
6
77

23/08/1992
3
111

03/09/1992
8
77

09/09/1992
19
114

17/09/1992
10
140

22/09/1992
4
63

29/09/1992
12
115

09/10/1992
16
76

12/10/1992
12
87

02/11/1992
7
70

03/11/1992
8
67

09/11/1992
11
91

23/11/1992
6
74

01/12/1992
10
56

17/12/1992
21
64

29/12/1992
7
105

31/01/1993
24
85

08/02/1993
8
67

17/02/1993
16
110

28/02/1993
12
53

04/03/1993
2
62

09/03/1993
7
137

11/03/1993
19
120

13/03/1993
20
65

15/03/1993
13
88

24/03/1993
8
81

29/03/1993
6
66

05/04/1993
7
165

12/04/1993
5
58

15/04/1993
8
58

10/05/1993
8
88

04/06/1993
12
62

11/06/1993
4
50

01/07/1993
1
62

01/08/1993
1
63

17/08/1993
6
74

27/08/1993
19
79

04/09/1993
1
54

13/09/1993
6
161

20/09/1993
23
61

09/10/1993
12
86

25/10/1993
18
81

27/10/1993
9
82

04/11/1993
12
119

18/11/1993
20
83

03/12/1993
1
117

08/12/1993
10
95

31/12/1993
9
63

06/02/1994
18
126

22/02/1994
2
144

03/03/1994
9
70

07/03/1994
22
109

02/04/1994
23
96

17/04/1994
8
201

01/05/1994
23
73

28/05/1994
21
68

14/07/1994
24
53

25/09/1994
23
73

03/10/1994
10
93

23/10/1994
7
71

29/10/1994
16
123

06/11/1994
6
80

26/11/1994
13
117

18/01/1995
7
95

30/01/1995
24
56

08/02/1995
10
80

27/02/1995
23
67

04/03/1995
22
95

12/03/1995
6
70

26/03/1995
18
107

02/04/1995
6
67

07/04/1995
19
149

24/04/1995
4
53

03/05/1995
7
58

16/05/1995
23
93

23/05/1995
23
65

01/07/1995
2
56

24/07/1995
21
52

23/08/1995
5
61

05/09/1995
21
51

08/09/1995
12
58

15/09/1995
11
52

27/09/1995
21
108

04/10/1995
14
92

18/10/1995
24
127

30/10/1995
18
58

27/11/1995
19
51

01/12/1995
20
62

24/12/1995
16
65

13/01/1996
11
90

11/03/1996
4
60

20/03/1996
24
54

21/03/1996
23
66

24/03/1996
3
53

25/03/1996
2
60

15/04/1996
1
56

17/04/1996
9
52

12/09/1996
9
54

23/10/1996
5
105

10/01/1997
10
78

10/02/1997
11
68

17/02/1997
9
54

27/02/1997
24
86

28/03/1997
24
63

11/04/1997
5
82

17/04/1997
6
77

21/04/1997
24
107

02/05/1997
1
64

15/05/1997
13
115

27/05/1997
5
73

09/06/1997
4
84

03/09/1997
23
98

18/09/1997
6
56

01/10/1997
16
98

11/10/1997
4
130

25/10/1997
3
64

07/11/1997
5
110

10/11/1997
3
54

23/11/1997
7
108

10/12/1997
21
56

30/12/1997
20
77

07/01/1998
5
77

30/01/1998
12
55

18/02/1998
1
100

10/03/1998
21
116

21/03/1998
16
85

24/04/1998
8
69

04/05/1998
6
205

06/06/1998
22
50

14/06/1998
11
55

26/06/1998
5
101

16/07/1998
17
58

06/08/1998
12
138

20/08/1998
21
67

27/08/1998
10
155

25/09/1998
10
207

02/10/1998
2
58

03/10/1998
4
56

07/10/1998
23
70

19/10/1998
16
112

24/10/1998
1
52

06/11/1998
19
60

08/11/1998
7
149

09/11/1998
13
137

13/11/1998
19
128

11/12/1998
16
69

25/12/1998
12
57

29/12/1998
12
58

13/01/1999
24
112

23/01/1999
23
52

18/02/1999
10
123

01/03/1999
1
94

10/03/1999
5
63

29/03/1999
15
56

17/04/1999
8
91

31/07/1999
2
53

20/08/1999
17
56

23/08/1999
1
66

13/09/1999
5
74

16/09/1999
9
67

22/09/1999
24
173

27/09/1999
19
64

30/09/1999
4
61

10/10/1999
19
67

22/10/1999
7
237

27/10/1999
16
60

28/10/1999
18
66

08/11/1999
15
73

13/11/1999
23
106

16/11/1999
17
79

24/11/1999
10
50

13/12/1999
10
85

31/12/1999
24
50

11/01/2000
22
81

23/01/2000
1
97

12/02/2000
18
110

08/03/2000
22
51

31/03/2000
12
60

05/04/2000
2
63

07/04/2000
1
288
16/04/2000
12
79

24/04/2000
15
61

17/05/2000
6
92

24/05/2000
9
147

29/05/2000
22
54

08/06/2000
20
90

26/06/2000
18
76

16/07/2000
1
301
20/07/2000
10
93

22/07/2000
18
63

23/07/2000
23
68

29/07/2000
12
71

06/08/2000
6
56

11/08/2000
7
106

12/08/2000
10
235

29/08/2000
7
60

02/09/2000
15
57

12/09/2000
20
73

16/09/2000
24
68

17/09/2000
24
201

26/09/2000
3
55

30/09/2000
15
76

03/10/2000
13
79

05/10/2000
14
182

13/10/2000
6
71

14/10/2000
15
107

23/10/2000
8
53

29/10/2000
4
127

04/11/2000
10
50

06/11/2000
22
159

10/11/2000
13
96

27/11/2000
2
80

29/11/2000
14
119

23/12/2000
5
62

24/01/2001
19
61

13/02/2001
22
50

05/03/2001
3
73

20/03/2001
14
149

23/03/2001
17
75

28/03/2001
16
87

31/03/2001
9
387
05/04/2001
8
50

09/04/2001
7
63

11/04/2001
24
271
13/04/2001
16
77

18/04/2001
7
114

22/04/2001
16
102

10/05/2001
2
76

18/06/2001
10
61

17/08/2001
22
105

13/09/2001
8
57

23/09/2001
19
73

26/09/2001
2
102

01/10/2001
9
148

03/10/2001
15
166

09/10/2001
16
64

11/10/2001
20
70

19/10/2001
22
57

21/10/2001
22
187

28/10/2001
12
157

01/11/2001
11
106

06/11/2001
7
292
24/11/2001
17
221

21/12/2001
23
67

24/12/2001
11
55

30/12/2001
6
58

11/01/2002
7
72

02/02/2002
10
86

05/02/2002
21
82

01/03/2002
2
71

24/03/2002
10
100

20/04/2002
7
148

11/05/2002
20
110

14/05/2002
21
63

19/05/2002
7
58

23/05/2002
18
109

27/05/2002
9
64

02/08/2002
6
102

21/08/2002
3
104

04/09/2002
6
109

08/09/2002
1
181

01/10/2002
17
176

14/10/2002
14
100

24/10/2002
21
98

31/10/2002
19
52

03/11/2002
7
75

18/11/2002
23
52

21/11/2002
11
128

27/11/2002
7
64

19/12/2002
21
72

23/12/2002
12
67

27/12/2002
5
68

30/01/2003
1
66

02/02/2003
18
72

04/02/2003
10
74

27/02/2003
22
66

04/03/2003
1
67

06/03/2003
16
50

16/03/2003
22
60

20/03/2003
20
64

27/03/2003
19
56

29/03/2003
21
70

04/04/2003
24
62

30/04/2003
3
67

01/05/2003
1
78

10/05/2003
9
84

22/05/2003
3
73

29/05/2003
24
144

02/06/2003
9
91

08/06/2003
23
50

18/06/2003
10
141

24/06/2003
14
55

12/07/2003
6
105

16/07/2003
14
90

27/07/2003
8
57

06/08/2003
7
60

07/08/2003
22
61

18/08/2003
16
148

14/10/2003
23
85

27/10/2003
5
52

30/10/2003
1
353
30/10/2003
23
383
04/11/2003
11
69

11/11/2003
14
62

13/11/2003
21
59

20/11/2003
21
422
06/12/2003
5
55

08/12/2003
22
54

07/01/2004
10
69

09/01/2004
10
50

10/01/2004
9
60

15/01/2004
17
57

22/01/2004
14
149

25/01/2004
5
86

27/01/2004
3
65

11/02/2004
18
109

10/03/2004
6
77

11/03/2004
24
64

04/04/2004
1
112

05/04/2004
20
81

17/07/2004
3
80

23/07/2004
3
101

25/07/2004
12
148

27/07/2004
14
197

09/08/2004
22
51

30/08/2004
23
126

14/09/2004
12
50

13/10/2004
14
63

08/11/2004
7
373
10/11/2004
10
289
20/11/2004
13
59

25/11/2004
8
63

28/11/2004
8
61

06/12/2004
16
58

13/12/2004
5
61

29/12/2004
5
53

02/01/2005
18
54

08/01/2005
3
96

12/01/2005
8
54

17/01/2005
4
70

17/01/2005
18
74

18/01/2005
9
121

19/01/2005
11
93

22/01/2005
7
105

07/02/2005
22
62

16/02/2005
18
55

18/02/2005
3
86

06/03/2005
17
65

08/03/2005
8
59

05/04/2005
6
85

12/04/2005
6
72

08/05/2005
19
127

13/05/2005
8
54

15/05/2005
9
263
20/05/2005
9
103

30/05/2005
14
138

13/06/2005
1
106

15/06/2005
13
54

23/06/2005
11
97

09/07/2005
19
60

10/07/2005
21
94

12/07/2005
6
85

18/07/2005
7
76

28/07/2005
6
50

10/08/2005
12
53

24/08/2005
12
216

31/08/2005
20
131

10/09/2005
23
70

11/09/2005
11
147

15/09/2005
17
86

31/10/2005
20
75

13/11/2005
16
51

11/12/2005
11
54

05/04/2006
16
87

09/04/2006
8
80

14/04/2006
10
111

19/08/2006
22
71

24/09/2006
10
56

10/11/2006
2
51

30/11/2006
14
74

15/12/2006
6
139

24/03/2007
9
69

01/04/2007
9
63

28/04/2007
8
56

14/05/2007
14
63

25/10/2007
22
51

20/11/2007
21
71

09/03/2008
6
72

04/09/2008
5
51

11/10/2008
12
60
Сильнейшие геомагнитные бури

                        (по хронологии)

date
time Dst Peak  Dst, nT 

21/01/1957
23
250
02/03/1957
8
255
05/09/1957
4
324
13/09/1957
11
427
23/09/1957
8
303
11/02/1958
12
426
08/07/1958
23
330
04/09/1958
23
302
15/07/1959
20
429
01/04/1960
19
327
30/04/1960
19
325
07/10/1960
1
287
13/11/1960
10
339
28/10/1961
19
272
26/05/1967
5
387
08/03/1970
23
284
13/04/1981
7
311
14/07/1982
2
325
06/09/1982
12
282
09/02/1986
1
307
14/03/1989
2
589
19/09/1989
5
255
21/10/1989
12
267
17/11/1989
23
266
10/04/1990
19
281
25/03/1991
1
298
29/10/1991
8
254
09/11/1991
2
354
10/05/1992
15
288
07/04/2000
1
288
16/07/2000
1
301
31/03/2001
9
387
11/04/2001
24
271
06/11/2001
7
292
30/10/2003
1
353
30/10/2003
23
383
20/11/2003
21
422
08/11/2004
7
373
10/11/2004
10
289
15/05/2005
9
263
Сильнейшие геомагнитные бури

           (в порядке убывания интенсивности)
date
time Dst Peak  Dst, nT 

14/03/1989
2
589
15/07/1959
20
429
13/09/1957
11
427
11/02/1958
12
426
20/11/2003
21
422
26/05/1967
5
387
31/03/2001
9
387
30/10/2003
23
383
08/11/2004
7
373
09/11/1991
2
354
30/10/2003
1
353
13/11/1960
10
339
08/07/1958
23
330
01/04/1960
19
327
30/04/1960
19
325
14/07/1982
2
325
05/09/1957
4
324
13/04/1981
7
311
09/02/1986
1
307
23/09/1957
8
303
04/09/1958
23
302
16/07/2000
1
301
25/03/1991
1
298
06/11/2001
7
292
10/11/2004
10
289
10/05/1992
15
288
07/04/2000
1
288
07/10/1960
1
287
08/03/1970
23
284
06/09/1982
12
282
10/04/1990
19
281
28/10/1961
19
272
11/04/2001
24
271
21/10/1989
12
267
17/11/1989
23
266
15/05/2005
9
263
02/03/1957
8
255
19/09/1989
5
255
29/10/1991
8
254
21/01/1957
23
250
The 1859 Solar-Terrestrial Disturbance And the Current Limits of Extreme Space Weather Activity

Cliver, E. W., and Svalgaard, L.: 
2004, Solar Phys. 224, 407.

It is generally appreciated that the September 1859 solar-terrestrial disturbance, the first recognized space weather event, was exceptionally large. How large and how exceptional? To answer these questions, we compiled rank order lists of the various measures of solar-induced disturbance for events from 1859 to the present. The parameters considered included: magnetic crochet amplitude, solar energetic proton fluence (McCracken et al., 2001a), Sun-Earth disturbance transit time, geomagnetic storm intensity, and low-latitude auroral extent. While the 1859 event has close rivals or superiors in each of the above categories of space weather activity, it is the only documented event of the last ˜150 years that appears at or near the top of all of the lists. Taken together, the top-ranking events in each of the disturbance categories comprise a set of benchmarks for extreme space weather activity.

How big was the Carrington 1859 Flare?

Cliver, E. W., Svalgaard, L., and Neidig D.F.

American Geophysical Union, Spring Meeting 2004, abstract #SH43A-03

The 1859 space weather event was distinguished by its great geomagnetic storm, widespread low-latitude aurora, and intense solar energetic particle event (inferred from the NO3 concentration in polar ice cores). Arguably each of these three effects was the largest ever observed. What can we say about the size of the associated solar flare? We have two observations with which to make such an assessment: (1) Carrington's and Hodgson's report of the white-light flare and (2) the solar flare effect or magnetic crochet observed in the Kew and Greenwich magnetograms. Estimates of the area, duration, spectrum, and intensity of the white-light emission indicate a large (~2 x 1030 erg) but not unequalled event (the white-light emission of the 24 April 1984 >X13 flare contained ~6 x 1030 erg). The magnetic crochet of 130 nT in the horizontal force, however, exceeds that for all >X10 soft X-ray flares observed from 1984-2002 (we are presently compiling magnetic data for the recent October-November 2003 activity for comparison with the 1859 event). Thus at this point, we can conservatively say that Carrington's flare likely had a soft X-ray classification >X10 and was at least comparable to the largest flares recorded during the spacecraft era.

-------------------------------------------
Extreme geomagnetic storms, recent Gleissberg cycles and space era-superintense storms 

W.D. Gonzaleza, , , E. Echera, , , A.L. Clúa de Gonzaleza, , , B.T. Tsurutanib, ,  and G.S. Lakhinac,

Journal of Atmospheric and Solar-Terrestrial Physics, Volume 73, Issues 11-12, 2011, Pages 1447-1453

Extreme historical and space era geomagnetic storms (ΔH or ) are studied in terms of their sunspot and Gleissberg solar cycle distributions. Interplanetary and magnetospheric processes associated with the Carrington storm are summarized and the intense storm of August 4, 1972 is discussed in the context of the possibility of having occurred as an extreme storm instead, if the polarity of the related magnetic cloud would have been opposite. We also discuss about superintense geomagnetic storms () that occurred in the space era, showing their solar cycle and seasonal distributions and also providing averages for the peak values of their main associated interplanetary parameters. A discussion about the possible occurrence of more Carrington type storms is also addressed.

Table 2 List of superstorms

(Dst 250 nT) during the space

era. The events with asterisk are

those for which solar wind

measurements were available

Date Dst Date Dst

1957/01/21 −250 1989/03/14 −589

1957/03/02 −255 1989/09/19 −255

1957/09/05 −324 1989/10/21 −267

1957/09/13 −427 1989/11/17 −266

1957/09/23 −303 1990/04/10 −281

1958/02/11 −426 1991/03/25 −298

1958/07/08 −330 1991/10/29* −254

1958/09/04 −302 1991/11/09 −354

1958/07/15 −429 1992/05/10 −288

1960/04/01 −327 2000/04/07* −288

1960/04/30 −325 2000/07/16* −301

1960/10/07 −287 2001/03/31* −387

1960/11/13 −339 2001/04/11* −271

1961/10/28 −272 2001/11/06* −292

1967/05/26 −387 2003/10/30* −353

1970/03/08* −284 2003/10/30* −383

1981/04/13* −311 2003/11/20* −422

1982/07/14* −325 2004/11/08* −373

1982/09/06* −289 2004/11/10* −289

1986/02/09 −307 2005/05/15* −263
Table 4 Chronological list of extreme magnetic stormsa

Storm Year Month Day H ranged

nT

Dst

nT

Station Geomagnetice

latitude N

Geomagnetice

longitude E

1 1859 September 1–2 1720 Bombay 9.87◦ 142.7◦

September 1–2 >700b,c Kew 54.47◦ 82.5◦

2 1859 October 12 980 Bombay 9.87◦ 142.7◦

3 1872 February 4 1020 Bombay 9.87◦ 142.7◦

4 1882 November 17 450 Bombay 9.87◦ 142.7◦

November 17 >1090b,c Greenwich 54.40◦ 82.2◦

5 1903 October 31 820 Bombay 9.87◦ 142.7

October 31 >950b,c Postdam 52.66◦ 96.2◦

6 1909 September 25 >1500b,c Postdam 52.66◦ 96.2◦

7 1921 May 13–16 >700 Alibag 9.61◦ 142.7

May 13–16 1060 Postdam 52.66◦ 96.2◦

8 1928 July 7 780 Alibag 9.61◦ 142.7◦

9 1938 April 16 530 Alibag 9.61◦ 142.7◦

April 16 1900b Postdam 52.66◦ 96.2◦

10 1957 September 13 580 −467 Alibag 9.61◦ 142.7◦

11 1958 February 11 660 −426 Alibag 9.61◦ 142.7◦

12 1989 March 13 640 −589 Kakioka 25.97◦ 205.1◦
--------------------------------------------------------------

Interplanetary Origin of Intense, Superintense and Extreme Geomagnetic Storms

Walter D. Gonzalez · Ezequiel Echer · Bruce T. Tsurutani · Alicia L. Clúa de Gonzalez · Alisson Dal Lago

Space Sci Rev (2011) 158: 69–89, File
We present a review on the interplanetary causes of intense geomagnetic storms

(Dst ≤−100 nT), that occurred during solar cycle 23 (1997–2005). It was reported that the

most common interplanetary structures leading to the development of intense storms were:

magnetic clouds, sheath fields, sheath fields followed by a magnetic cloud and corotating

interaction regions at the leading fronts of high speed streams. However, the relative importance

of each of those driving structures has been shown to vary with the solar cycle phase.

Superintense storms (Dst ≤−250 nT) have been also studied in more detail for solar cycle

23, confirming initial studies done about their main interplanetary causes. The storms

are associated with magnetic clouds and sheath fields following interplanetary shocks, although

they frequently involve consecutive and complex ICME structures. Concerning extreme

storms (Dst ≤ −400 nT), due to the poor statistics of their occurrence during the

space era, only some indications about their main interplanetary causes are known. For the

most extreme events, we review the Carrington event and also discuss the distribution of

historical and space era extreme events in the context of the sunspot and Gleissberg solar

activity cycles, highlighting a discussion about the eventual occurrence of more Carringtontype

storms
The extreme magnetic storm of 1-2 September 1859

Tsurutani, B. T., Gonzalez, W. D., Lakhina, G. S., and Alex, S.: 

2003, J. Geophys. Res. 108(A7), 1268,

The 1-2 September 1859 magnetic storm was the most intense in recorded history on the basis of previously reported ground observations and on newly reduced ground-based magnetic field data. Using empirical results on the interplanetary magnetic field strengths of magnetic clouds versus velocities, we show that the 1 September 1859 Carrington solar flare most likely had an associated intense magnetic cloud ejection which led to a storm on Earth of DST ~ -1760 nT. This is consistent with the Colaba, India local noon magnetic response of ΔH = 1600 +/- 10 nT. It is found that both the 1-2 September 1859 solar flare energy and the associated coronal mass ejection speed were extremely high but not unique. Other events with more intense properties have been detected; thus a storm of this or even greater intensity may occur again. Because the data for the high-energy tails of solar flares and magnetic storms are extremely sparse, the tail distributions and therefore the probabilities of occurrence cannot be assigned with any reasonable accuracy. A further complication is a lack of knowledge of the saturation mechanisms of flares and magnetic storms. These topics are discussed in some detail.

