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INTRODUCTION

At the request of NYI1SO, we have prepared the following report. It is hoped this report may help
guide the eectricd power industry toward a better undersanding of the relationship between
sola cydes and severe geomagnetic dorm  intervas cgpable of producing  Sgnificant
Geomagneticaly Induced Current (GIC) activity.

It was requested that we assemble a list of historic geomagnetic storm events that occurred
during the declining phase of the solar cycles, to better illudrate the fact that the occurrence of
ggnificant geomagnetic storms are not limited to the sunspot maximum phase of the solar cycle.
Refer to Appendix A for the complete list of storm events that occurred in the declining phases
of the previous solar cycles. Appendix B contains an entire lig of dl storm events during dl
phases of the solar cycle that were associated with severe storm intervals,

DATA

We examined dl avalable officid geomagnetic data records from 1932 to the present (formd
recording of planetary geomagnetic activity commenced officidly in 1932). We sdected those
dates where severe planetary geomagnetic sorm intervals were observed. We define a “severe
geomagnetic dorm interva” as any intervd where the 3-hour planetary geomagnetic Kp index
reaches or exceeds 7.

A vdue of 7 on the Kp scde is officdly the lowest level required for a orm intervd to be
consdered “severe” In order for a planetary Kp index to reach 7 in the officid records, a
mgority of planetary dations (high, middle and low latitude dtations) must dso report Kp vaues
of 7 or higher.

This sdection criteria ensures that severe geomagnetic sorming occurred on a true planetary
scae for a least one or more three-hour intervas during the date sdected, not just a a single
isolated dte. This criteria aso represents the minimum Kp leve generdly accepted as required to
produce GIC activity of concern to operators and owners of critical infrastructure systems.



The planetary Kp index was used as opposed to the planetary Ap index because the Kp index has
a much higher time resolution (one data point every 3 hours). The Ap index is computed using
the aithmetic mean of the individud Kp vaues (converted to equivdent a-indices). The Ap
index converts the entire days activity into a sngle vdue. As a reault, the Ap index does not
have the resolution to adequately describe the peek drength of individud storm events (or globd
substorm events). For example, if the peak storm strength lagts only 3 hours and the rest of the
day is dominated by generdly unsettled conditions, the Ap index will reflect an unsdttled to
active day — it will not identify the day as having been associated with a srong storm interval.
This can be avoided by using the planetary Kp index.

RESULTS AND DISCUSSION

The results of this andlysis can be summarized in the form of severa graphica charts asfollows.
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This is a plot showing the dates (in red) where occurrences of severe geomagnetic sorming (Kp
vaues of a least 7 or higher) were observed during the last Sx solar cycles (after 1932). The
blue line is the smoothed sunspot number for each of the solar cycles. It lags behind the current
date by 6 months by virtue of the way the smoothed sunspot number is computed. The light-
green segment of the sunspot number plot represents the last sx months of predicted smoothed
sunspot numbers. The intersection of the light and dark green plots is the current date (September
2002), which is aso marked by a box. The dark-green plot line represents the predicted
smoothed sunspot numbers from September 2002 through late 2006 when the next solar
minimum is predicted to occur.



We are currently (as of September 2002) in the 28" month following the sunspot number
maximum of this solar cycle. In other words, 28 months ao the highest sunspot number for this
solar cycle was observed. Each of the black squares in the chart above marks the time 28-months
after each sungpot number maximum. It therefore shows our relative podtion with respect to the
previous solar cycles.

It is evident from this plot that we are now in the declining phase of the solar sunspot cycle.
However, we are not in the declining phase of the ‘geomagnetic activity’ solar cycle. The pesk
of the solar cycle in terms of Earth-based geomagnetic activity is expected to occur within the
next year or two and gradudly decline through the minimum of the solar cycle around 2006. The
minimum of the geomagnetic activity cycle is not expected until the ascending phase of the
next solar cycle (around 2008).

The following chart illusrates the offsst behavior of the geomagnetic activity cycle by plotting
the smoothed sunspot numbers together with the smoothed geomagnetic activity Ap index.
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The red line shows the 12-month mean Ap vaue from 1932 to the present. The green plot shows
how ggnificantly the monthly mean Ap vdue can vary about the 12-month mean. The blue plot
line again represents the smoothed sunspot number from 1932 to the present (including the last 6
months of predicted smoothed sunspot vaues). The smoothed sunspot numbers are shown on the
left and the Ap vaues on the right.

As this chat clearly indicates, the 12-month mean pesk of the geomagnetic activity solar cycle
occurs severa years after the peak of the sunspot number maximum of the solar cycle. In some
cases it occurs very near the minimum of the solar cycle and in other cases it occurs in the
declining phase of the solar cycle. But it invariably occurs after the sunspot maximum.

When deding with solar cycles with respect to potentid GIC activity, it is necessary to define
the “solar maximum” as that period of time when geomagnetic activity (not sunspot activity or



even solar flare activity) reaches a maximum. We have not yet (as of September 2002) observed
the maximum phase of the geomagnetic activity cycle.

On average (from 1932 to the present), there were 1035 intervas of severe geomagnetic
gorming (Kp vaues of 7 or higher) during the declining phase of the previous solar cycles. Thus
far in the present solar cycle (through September 2002), there have been only 42 events observed
where the Kp index has reached or exceeded 7. This suggests that we may have observed less
than haf (currently only about 40.5%) of the totd number of severe storm intervals in the current
solar cycle. In other words, most of the severe geomagnetic storm intervas have yet to occur.

To add further weight to this argument, we performed a smilar andyss on the same dataset, but
this time included only those events where a Kp vaue of 8 or higher was observed. On average,
there are 36 severe geomagnetic sorm intervas in the declining phases of the solar cycles where
Kp vaues of 8 or higher are observed. However, in the current declining phase of the exigting
solar cycle, we have only observed 15 events where Kp vaues have reached 8 or higher. Again,
this suggests that we may have observed less than haf (in this case, only about 41.8%) of the
totd number of severe storm intervas in the current solar cycle cgpable of producing planetary
K-indices of 8 or higher. So even mogt of the strongest severe geomagnetic storm intervals have
yet to be observed.

Thismay be better illugtrated in the following graphica depiction.
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This chat is identicd to the firg chat of this report, except that the intervals of severe
geomagnetic sorming (Kp vaues of 7 or higher) are plotted horizontaly. Comparing our current
pogtion in the solar cycle (28 months past each sungpot number maximum) with the previous



solar cycles dnce 1932, it is clear that most of the severe geomagnetic sorm intervas have yet to
occur between the marked squares and the minimum of each solar cycle.

The occurrence of dgnificant severe sorm intervas remans ever-present, even during the solar
minimum and ascending phases. This supports the known fact tha Sgnificant geomagnetic
storms cgpable of driving GICs can occur at any time during the solar cycle.

The longer a sorm remains capable of producing severe geomagnetic fluctuations, the higher the
probability GIC activity may occur cgpable of damaging power grid equipment. Since many of
the events in the chats aove may have been associated with isolated severe intervals of
geomagnetic sorming, we peformed a find andyds on the datasst and examined only those
events where the plangtary Ap index (the daly summary of geomagnetic activity) reached or
exceeded 75 (which officidly marks a disturbance that is mid-way between a mgjor and a severe
geomagnetic sorm). In order for the Ap index to reach 75, a longer period (many hours) of
magor to severe geomagnetic storm intervas would have had to be observed. The reault is
presented below.
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In this chart, the magenta-colored boxes represent individua geomagnetic form events where
the planetary Ap index reached vaues of 75 or higher (representing moderately strong magor to
severe geomagnetic sorm activity). The scade on the left represents sungpot numbers and the
scde on the right represents Ap vaues. The boxes represent our relative podtion within each of
the higoric solar cycles. It is clearly evident from this and the preceding charts that we are ill
years away from observing less frequent intervals of mgor to severe geomagnetic storming.

Even during the solar minimum years, dgnificant geomagnetic sorming can occur. For example,
the severe geomagnetic storm of 31 August 1943 produced peak planetary Kp vaues of 8+ and a



planetary Aindex of 140 — only 6 months before the minimum in  sunspot numbers was observed
(76 months after the solar maximum). On 26 March 1976, a severe geomagnetic sorm was
observed that produced Kp values of 8o and a planetary Aindex of 145. Interestingly, March of
1976 was officdly the month of the solar minimum for that solar cycle. And then again, on 01
April 1976 (one month after the minimum), another severe geomagnetic storm  occurred
producing Kp vaues of 8+ and a planetary Ap vaue of 118. There are numerous other examples
(see Appendix B). Suffice it b say that dgnificant geomagnetic storms are not limited only to the
sola maximum years. They ae more plentiful during the sola maximum years, but are not
exclusvely confined to those years.
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This plot depicts how often severe storm intervals (Kp vaues of 7 or higher) are observed
throughout the solar cycle. It shows (again) that the peek in the rate of occurrence of severe
geomagnetic sorm intervals (Kp vaues of 7 or higher) occurs after the pesk of the sunspot
number maximum.

In addition, this plot suggests that we might not have yet observed the pesk monthly or the pesk
yearly (12-month mean plot above) occurrence rate in severe sorm intervas. In dmost every
cycle, there has been an early preiminary pesk followed by a stronger maximum many to severd
years dter the prdiminary peak in the occurrence rate of severe sorm intervas. We bdieve the
current observed maximum rate of occurrence of severe sorm intervas for the current solar
cyde is the prdiminary peak and will be followed within the next year or two by a stronger
maximum — smilar to what was observed in solar cycles 18, 19, 21 and 22.



CONCLUSIONS

Operators and owners of criticd infradructure sysems such as subgtantiad power grids will
dways face the potentia for sgnificant space weather sorms cgpable of driving srong GICs
into their equipment, regardless of the phase of the solar cycle.

The mogt ggnificant phase of the solar cycle for geomagnetic sorm related GIC activity is not
just during the maximum phase of the sungpot number cycle The strongest geomagnetic storm
intervas in higory have dso occurred in the declining phases of the solar cycles. Indeed, if the
frequency of occurrence of severe sorm intervals is of greatest concern (as it should be), then the
evidence in this report should be sufficient to encourage continued caution within the power
industry.

The following generaized conclusions can be drawn from the foregoing discussion:

We have currently observed less than hdf (about 40 %) of the totd number of severe
geomagnetic storm intervals that can be expected in the current solar cycle. Mot of the
severe geomagnetic storm events are expected to occur between now (September 2002)
and 2008.

Severe geomagnetic disturbance intervals (Kp vaues of 7 or higher) do not cluster only
aound the solar maximum (as conventiondly defined rdaing to sungpot numbers).
Indeed, they tend to cluster around the declining phase of the solar cycle.

The rate of occurrence of severe storm intervas (Kp vaues of 7 or higher) reeches a
maximum after the sunspot maximum, during the declining phase of the solar cyce
There is evidence suggesting we probably have not yet observed this maximum in the
rate of occurrence of severe storming for the current solar cycle.

The power indudtry needs to shift their definition of the “solar maximum” from one based
on sunspot numbers to one based on the geomagnetic activity cycle which lags the
sungpot maximum by severd years and is more closely corrdated with the pesk rate of
occurrence of severe gormintervals.

The geomagnetic activity cycle lags behind the sunspot number cycle by severa years. It
reeches a maximum in the declining phase of the sungpot cyde and a minimum in the
ascending phase of the following sunspot cycle.

Operators and owners of criticd infrastructure systems are encouraged to treat the occurrence of
potentid GIC activity smilar to the way severe teredrid weather activity affects the power
grids. Significant terrestrid storms can affect power grids a any time of the year, not just during
the lightning season. Snow and ice sorms can produce effects as bothersome as lightning.
Smilarly, space weather sorms are not limited specificdly to the “season” around the sunspot
number maximum. They can occur a any time in the sola cyde and are not limited to a
particular “season.” Care should therefore be taken to enact protective measures againgt the
damaging effects of space weather storms throughout the solar cycle, not just during the solar
maximum years.



APPENDIX A

The following is a comprehensive list of geomagnetic disturbances that produced &t least one or
more severe geomagnetic storm intervals where the planetary Kp index reached or exceeded 7.

Only those events that occurred during the declining phase of the solar cycle (after the
solar maximum) areincluded here.

Thedae (YYYY/MM/DD) isgiven firgt, followed by the planetary Ap index, followed by the
number of months that had elapsed after the peak (and befor e the minimum) observed sunspot
number of the solar cycle. The peak observed planetary Kp index for that date then concludesthe
line.

Again, it isimportant to remember that these values are find planetary K-index vaues based on
alarge number of magnetic observatories around the world. The severe storm intervals recorded
here were observed by a mgority of globa stations. At least minor GIC conditions were possible
with each of these events.

A Kp vaue of 7- issmdler in magnitude than a 70, which in turn is smaler in magnitude than a
7+.

52. Peak
52. Peak
49. Peak
49. Peak
47. Peak
47. Peak
47. Peak
47. Peak
47. Peak
47. Peak
47. Peak
46. Peak
46. Peak
46. Peak
46. Peak
46. Peak
45. Peak
44. Peak
43. Peak
41. Peak
41. Peak
40. Peak
40. Peak
40. Peak
39. Peak
35. Peak

1937/ 05/ 05 Ap= 65, After max: 01. Before
1937/08/22 Ap= 74, After max: 04. Before
1937/ 09/ 30 Ap= 36, After max: 05. Before
1937/10/ 04 Ap= 71, After max: 06. Before
1937/ 10/ 08 Ap= 38, After max: 06. Before
1937/ 10/ 11 Ap= 46, After max: 06. Before
1938/ 01/ 16 Ap= 34, After max: 09. Before
1938/ 01/ 17 Ap=120, After max: 09. Before
1938/ 01/ 22 Ap=128, After max: 09. Before
1938/ 01/ 25 Ap=107, After max: 09. Before
1938/ 01/ 26 Ap= 62, After max: 09. Before
1938/ 02/ 06 Ap= 51, After max: 10. Before
1938/ 04/ 13 Ap= 36, After max: 12. Before
1938/ 04/ 14 Ap= 60, After max: 12. Before
1938/ 04/ 16 Ap=136, After max: 12. Before
1938/ 05/ 04 Ap= 44, After max: 13. Before
1938/ 05/ 11 Ap=103, After max: 13. Before
1938/ 05/ 12 Ap= 76, After max: 13. Before
1938/ 07/ 15 Ap= 67, After max: 15. Before
1938/ 08/ 03 Ap= 27, After max: 16. Before
1938/ 08/ 04 Ap= 50, After max: 16. Before
1938/ 09/ 15 Ap=100, After max: 17. Before
1938/ 09/ 27 Ap= 30, After max: 17. Before
1938/ 09/ 28 Ap= 56, After max: 17. Before
1938/ 09/ 30 Ap= 32, After max: 17. Before
1938/ 10/ 01 Ap= 45, After max: 18. Before

81. Peak Kp=70 | 1939/10/14 Ap= 74, After max: 30. Before
78. Peak Kp=8o0 | 1939/10/15 Ap= 68, After nmax: 30. Before
77. Peak Kp=7- |1940/01/03 Ap= 47, After nax: 33. Before
76. Peak Kp=8- |1940/01/18 Ap= 38, After max: 33. Before
76. Peak Kp=7- 1940/ 03/ 23 Ap= 51, After max: 35. Before
76. Peak Kp=70 | 1940/03/24 Ap=187, After max: 35. Before
73. Peak Kp=8- 1940/ 03/ 25 Ap=184, After max: 35. Before
73. Peak Kp=8+ | 1940/03/26 Ap= 53, After max: 35. Before
73. Peak Kp=8+ | 1940/03/29 Ap=100, After nmax: 35. Before
73. Peak Kp=9- |1940/03/30 Ap=189, After nax: 35. Before
73. Peak Kp=8+ | 1940/03/31 Ap=128, After max: 35. Before
72. Peak Kp=7- |1940/04/01 Ap= 66, After max: 36. Before
70. Peak Kp=7- 1940/ 04/ 02 Ap= 34, After max: 36. Before
70. Peak Kp=70 | 1940/04/03 Ap= 98, After max: 36. Before
70. Peak Kp=90 | 1940/04/25 Ap= 70, After max: 36. Before
69. Peak Kp=70 | 1940/04/26 Ap= 43, After max: 36. Before
69. Peak Kp=9- | 1940/05/24 Ap= 78, After max: 37. Before
69. Peak Kp=7+ | 1940/06/25 Ap=126, After nax: 38. Before
67. Peak Kp=70 | 1940/07/13 Ap= 58, After max: 39. Before
66. Peak Kp=7+ | 1940/09/26 Ap= 44, After max: 41. Before
66. Peak Kp=7- 1940/ 09/ 27 Ap= 45, After max: 41. Before
65. Peak Kp=7+ | 1940/10/01 Ap= 40, After max: 42. Before
65. Peak Kp=70 | 1940/10/07 Ap= 61, After max: 42. Before
65. Peak Kp=8- | 1940/10/08 Ap= 49, After nmax: 42. Before
65. Peak Kp=7- |1940/11/13 Ap= 49, After nax: 43. Before
64. Peak Kp=7+ |1941/03/01 Ap=207, After max: 47. Before

3 333333333333333333333333333333333333333333333333333
222322223222 233232233232233232332332323323233332333323333233323332333°%
(2]
£y
3333333333333333333333333333333333333333333333333333
2333333323333 323333333333323333:3333:33333233333333233:23°72
w
(9]

1938/ 10/ 07 Ap= 67, After max: 18. Before . Peak Kp=70 |1941/03/14 Ap= 79, After max: 47. Before . Peak
1938/ 10/ 08 Ap= 58, After max: 18. Before 64. Peak Kp=70 | 1941/03/30 Ap= 85, After max: 47. Before 35. Peak
1939/ 02/ 24 Ap= 55, After max: 22. Before 60. Peak Kp=7+ | 1941/03/31 Ap= 76, After max: 47. Before 35. Peak
1939/ 02/ 25 Ap= 73, After max: 22. Before 60. Peak Kp=7+ | 1941/04/24 Ap= 63, After max: 48. Before 34. Peak
1939/ 03/28 Ap= 56, After max: 23. Before 59. Peak Kp=7- 1941/ 07/ 05 Ap=222, After max: 51. Before 31. Peak
1939/ 04/ 17 Ap=135, After max: 24. Before 58. Peak Kp=80 | 1941/07/07 Ap= 54, After nmax: 51. Before 31. Peak
1939/ 04/ 19 Ap= 45, After max: 24. Before 58. Peak Kp=7- 1941/ 08/ 04 Ap=110, After max: 52. Before 30. Peak
1939/ 04/ 23 Ap= 92, After max: 24. Before 58. Peak Kp=8- |1941/09/18 Ap=232, After max: 53. Before 29. Peak
1939/ 04/ 24 Ap= 79, After max: 24. Before 58. Peak Kp=9- |1941/09/19 Ap=176, After max: 53. Before 29. Peak
1939/ 04/ 25 Ap= 61, After max: 24. Before 58. Peak Kp=7+ |1941/10/11 Ap= 42, After max: 54. Before 28. Peak
1939/ 05/ 01 Ap= 56, After max: 25. Before 57. Peak Kp=7- 1941/ 10/ 31 Ap= 47, After max: 54. Before 28. Peak
1939/ 05/ 07 Ap= 51, After max: 25. Before 57. Peak Kp=7- 1941/ 11/ 01 Ap= 79, After max: 55. Before 27. Peak
1939/ 06/ 14 Ap= 61, After max: 26. Before 56. Peak Kp=70 | 1941/12/01 Ap= 83, After nmax: 56. Before 26. Peak
1939/ 06/ 16 Ap= 35, After max: 26. Before 56. Peak Kp=7- |1942/03/01 Ap=111, After max: 59. Before 23. Peak
1939/ 07/ 03 Ap= 45, After max: 27. Before 55. Peak Kp=7- |1942/03/02 Ap= 45, After max: 59. Before 23. Peak
1939/ 07/ 04 Ap= 43, After max: 27. Before 55. Peak Kp=7- |1942/03/05 Ap= 52, After max: 59. Before 23. Peak
1939/ 07/ 05 Ap= 94, After max: 27. Before 55. Peak Kp=7+ | 1942/04/04 Ap= 70, After max: 60. Before 22. Peak
1939/ 07/ 21 Ap= 36, After max: 27. Before 55. Peak Kp=7+ | 1942/08/16 Ap= 35, After max: 64. Before 18. Peak
1939/ 08/ 12 Ap= 88, After max: 28. Before 54. Peak Kp=8- 1942/ 09/ 12 Ap= 54, After max: 65. Before 17. Peak
1939/ 08/ 16 Ap= 62, After max: 28. Before 54. Peak Kp=8- 1942/ 10/ 02 Ap= 48, After max: 66. Before 16. Peak
1939/ 08/ 22 Ap=133, After max: 28. Before 54. Peak Kp=8- 1942/ 10/ 28 Ap= 56, After max: 66. Before 16. Peak
1939/ 08/ 23 Ap= 89, After max: 28. Before 54. Peak Kp=8- | 1942/10/29 Ap= 80, After max: 66. Before 16. Peak
1939/ 09/ 17 Ap= 55, After max: 29. Before 53. Peak Kp=70 |1942/11/24 Ap= 62, After max: 67. Before 15. Peak
1939/ 10/ 04 Ap= 51, After max: 30. Before 52. Peak Kp=7+ |1943/01/20 Ap= 40, After max: 69. Before 13. Peak
1939/10/09 Ap= 32, After max: 30. Before 52. Peak Kp=7- 1943/ 02/ 17 Ap= 41, After max: 70. Before 12. Peak
1939/ 10/ 13 Ap= 89, After max: 30. Before 52. Peak Kp=8o | 1943/03/29 Ap= 38, After max: 71. Before 11. Peak



1943/ 08/ 08
1943/ 08/ 09
1943/ 08/ 28
1943/ 08/ 30
1943/ 08/ 31
1943/ 09/ 29
1943/ 09/ 30
1943/ 10/ 24
1943/ 11/ 19
1944/ 02/ 14
1949/ 01/ 02
1949/ 01/ 24
1949/ 01/ 25
1949/ 01/ 26
1949/ 03/ 16
1949/ 03/ 18
1949/ 03/ 22
1949/ 03/ 23
1949/ 04/ 07
1949/ 04/ 08
1949/ 05/ 03
1949/ 05/ 12
1949/ 05/ 13
1949/ 05/ 30
1949/ 06/ 04
1949/ 08/ 03
1949/ 08/ 04
1949/ 08/ 08
1949/ 10/ 07
1949/ 10/ 08
1949/ 10/ 14
1949/ 10/ 15
1949/ 10/ 16
1950/ 01/ 24
1950/ 02/ 20
1950/ 02/ 21
1950/ 02/ 24
1950/ 03/ 19
1950/ 04/ 05
1950/ 05/ 27
1950/ 05/ 28
1950/ 06/ 30
1950/ 07/ 12
1950/ 08/ 07
1950/ 08/ 08
1950/ 08/ 19
1950/ 08/ 20
1950/ 09/ 03
1950/ 10/ 02
1950/ 10/ 03
1950/ 10/ 28
1950/ 11/ 26
1951/ 01/ 31
1951/ 02/ 27
1951/ 02/ 28
1951/ 03/ 13
1951/ 04/ 18
1951/ 05/ 01
1951/ 05/ 02
1951/ 05/ 09
1951/ 05/ 10
1951/ 05/ 26
1951/ 06/ 17
1951/ 06/ 18
1951/ 07/ 01
1951/ 07/ 02
1951/ 09/ 11
1951/ 09/ 16
1951/ 09/ 19
1951/ 09/ 20
1951/ 09/ 21
1951/ 09/ 22
1951/ 09/ 25
1951/ 09/ 26
1951/ 10/ 07
1951/ 10/ 17
1951/ 10/ 28
1951/ 12/ 28
1952/ 02/ 10
1952/ 02/ 24
1952/ 03/ 03
1952/ 03/ 05
1952/ 03/ 06
1952/ 03/ 07
1952/ 03/ 23
1952/ 03/ 30
1952/ 03/ 31
1952/ 04/ 02
1952/ 04/ 03
1952/ 04/ 10
1952/ 04/ 21
1952/ 04/ 29
1952/ 04/ 30
1952/ 05/ 03
1952/ 05/ 04

Ap= 79,
Ap= 48,
Ap= 43,
Ap= 90,
Ap=140,

Ap= 42,
Ap= 57,

Ap=153,

Ap= 36,
Ap= 58,
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Kp=9-
Kp=8+
Kp=7+
Kp=7-
Kp=8-
Kp=70
Kp=7+
Kp=70
Kp=70
Kp=9-
Kp=80
Kp=7-
Kp=7-
Kp=70
Kp=7-
Kp=7-
Kp=7+
Kp=7-
Kp=8-
Kp=8+
Kp=70
Kp=7-
Kp=9-
Kp=8-
Kp=70
Kp=7+
Kp=7-
Kp=70
Kp=70
Kp=7-
Kp=70
Kp=8-
Kp=8-
Kp=8+
Kp=8+
Kp=70
Kp=7-
Kp=7-
Kp=7+
Kp=7-
Kp=7-
Kp=70
Kp=70
Kp=7-
Kp=8-
Kp=7+
Kp=7+
Kp=7+
Kp=7-
Kp=70
Kp=8o
Kp=7+
Kp=70
Kp=8-
Kp=70
Kp=7-
Kp=8-
Kp=7+
Kp=70
Kp=70
Kp=8+
Kp=9-
Kp=7-
Kp=70
Kp=9-
Kp=70
Kp=7-
Kp=70
Kp=7-
Kp=7+
Kp=80
Kp=7-
Kp=70
Kp=7-
Kp=8-
Kp=70
Kp=7-
Kp=7-
Kp=8+
Kp=7+
Kp=7-
Kp=70
Kp=7-

1952/ 05/ 07
1952/ 05/ 26
1952/ 05/ 27
1952/ 06/ 30
1952/ 09/ 29
1952/ 09/ 30
1952/ 10/ 04
1952/ 10/ 05
1952/ 12/ 04
1952/ 12/ 27
1953/ 01/ 05
1953/ 03/ 08
1953/ 03/ 09
1953/ 03/ 24
1953/ 05/ 15
1953/ 05/ 16
1953/ 05/ 17
1953/ 08/ 24
1953/ 09/ 03
1953/ 09/ 04
1953/ 09/ 19
1953/ 10/ 15
1954/ 04/ 11
1954/ 04/ 12
1958/ 05/ 26
1958/ 05/ 31
1958/ 06/ 01
1958/ 06/ 07
1958/ 06/ 28
1958/ 06/ 29
1958/ 07/ 08
1958/ 07/ 09
1958/ 07/ 21
1958/ 08/ 17
1958/ 08/ 24
1958/ 08/ 27
1958/ 09/ 03
1958/ 09/ 04
1958/ 09/ 05
1958/ 09/ 25
1958/ 10/ 24
1958/ 12/ 04
1958/ 12/ 05
1958/ 12/ 18
1959/ 02/ 25
1959/ 03/ 26
1959/ 03/ 27
1959/ 03/ 28
1959/ 03/ 29
1959/ 04/ 10
1959/ 04/ 23
1959/ 05/ 12
1959/ 05/ 24
1959/ 07/ 11
1959/ 07/ 15
1959/ 07/ 16
1959/ 07/ 17
1959/ 07/ 18
1959/ 08/ 16
1959/ 08/ 17
1959/ 09/ 03
1959/ 09/ 04
1959/ 09/ 21
1959/ 09/ 22
1959/ 10/ 03
1959/ 10/ 04
1959/ 11/ 28
1959/ 12/ 05
1960/ 03/ 16
1960/ 03/ 31
1960/ 04/ 01
1960/ 04/ 02
1960/ 04/ 03
1960/ 04/ 10
1960/ 04/ 24
1960/ 04/ 25
1960/ 04/ 27
1960/ 04/ 28
1960/ 04/ 30
1960/ 05/ 01
1960/ 05/ 06
1960/ 05/ 08
1960/ 05/ 11
1960/ 05/ 29
1960/ 06/ 27
1960/ 06/ 29
1960/ 06/ 30
1960/ 07/ 15
1960/ 07/ 16
1960/ 08/ 16
1960/ 08/ 17
1960/ 08/ 29
1960/ 08/ 30
1960/ 09/ 03
1960/ 09/ 04

Ap= 74,

Ap= 68,
Ap= 38,

Ap= 56,
Ap= 39,

Ap=174,
Ap= 49,
Ap= 60,
Ap=128,

After
After
After
After
After
After
After
After
After
After
After
After
After
After
After
After
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After
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After
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After
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After
After
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After
After
After

43.
43.
43.
44

47.
47.
48.
48.
50.
50.
51.
53.
53.

55.
55.
55.
58.
59.
59.
59.

66.
66.
02.
02.
03.
03.
03.
03.
04.
04.
04.
05.

05.
06.

06.
06.
07.
09.

09.
11.
12.
12.
12.
12.
13.
13.
14.
14.
16.
16.
16.
16.
16.

17.
18.
18.
18.
18.
19.
19.

21.
24

24

25.
25.
25.
25.
25.
25.
25.
25.
25.
26.
26.
26.

26.
27.
27.
27.
28.
28.
29.
29.
29.
29.
30.
30.
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Before
Before
Before
Before
Before
Before
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Before
Before
Before
Before
Before
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Before
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Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak




1960/ 09/ 05
1960/ 10/ 04
1960/ 10/ 06
1960/ 10/ 07
1960/ 10/ 25
1960/ 10/ 26
1960/ 11/ 12
1960/ 11/ 13
1960/ 11/ 14
1960/ 11/ 15
1960/ 11/ 16
1960/ 12/ 01
1961/ 02/ 04
1961/ 02/ 18
1961/ 03/ 06
1961/ 03/ 10
1961/ 04/ 14
1961/ 04/ 15
1961/ 06/ 21
1961/ 06/ 22
1961/ 07/ 13
1961/ 07/ 14
1961/ 07/ 18
1961/ 07/ 27
1961/ 09/ 30
1961/ 10/ 01
1961/ 10/ 28
1961/ 12/ 01
1961/ 12/ 03
1962/ 09/ 12
1962/ 12/ 17
1963/ 06/ 07
1963/ 08/ 20
1963/ 09/ 14
1963/ 09/ 21
1963/ 09/ 22
1963/ 09/ 23
1963/ 09/ 25
1963/ 10/ 24
1963/ 10/ 29
1963/ 10/ 30
1964/ 01/ 02
1964/ 04/ 01
1964/ 06/ 10
1964/ 09/ 22
1969/ 02/ 02
1969/ 03/ 23
1969/ 03/ 24
1969/ 04/ 28
1969/ 05/ 14
1969/ 05/ 15
1969/ 07/ 27
1969/ 09/ 28
1969/ 09/ 29
1969/ 09/ 30
1970/ 03/ 08
1970/ 04/ 21
1970/ 04/ 22
1970/ 05/ 28
1970/ 07/ 09
1970/ 07/ 10
1970/ 07/ 25
1970/ 08/ 16
1970/ 08/ 17
1970/ 10/ 18
1970/ 11/ 07
1970/ 12/ 14
1971/ 04/ 14
1971/ 04/ 15
1971/ 05/ 17
1971/ 09/ 18
1971/ 12/ 17
1972/ 03/ 06
1972/ 05/ 15
1972/ 06/ 17
1972/ 06/ 18
1972/ 08/ 04
1972/ 08/ 05
1972/ 08/ 06
1972/ 08/ 09
1972/ 09/ 13
1972/ 09/ 14
1972/ 10/ 31
1972/ 11/ 01
1972/ 12/ 15
1973/ 02/ 21
1973/ 03/ 19
1973/ 03/ 20
1973/ 04/ 01
1973/ 04/ 02
1973/ 04/ 13
1973/ 04/ 14
1973/ 05/ 14
1973/ 05/ 21
1973/ 09/ 09

Ap=118,
Ap= 36,
Ap=203,
Ap=186,
Ap= 76,
Ap= 63,
Ap= 67,
Ap=280,
Ap= 49,
Ap= 69,
Ap= 94,
Ap= 93,
Ap= 43,
Ap= 51,
Ap= 37,
Ap= 46,
Ap= 54,
Ap= 61,
Ap= 58,
Ap= 58,
Ap=102,
Ap= 98,
Ap= 93,
Ap=114,
Ap= 36,
Ap=114,
Ap=128,
Ap= 54,
Ap= 55,
Ap= 58,
Ap= 36,

Ap= 35,

Ap=126,
Ap=132,
Ap=182,

Ap= 44,
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31
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31
31
32.
32.
32.
32.
32.
33.
35.

36.
36
37
37
39
39
40.

40.
40.
42.
43.
43.
45.
45.
54.
57.
63.
65.
66.

66.
66.
66.
67.
67.
67.
70.
73.
75.
78.
03.
04.
04.
05.
06.

08

10.
10.
10.
16.
17.
17.

20.
20.
20.
21

21

23.
24.

29.
29.
30

34

37

40.
42.
43.
43.
45.
45.
45.
45.
46.
46.
47.
48.
49.
51.
52.
52.
53.
53.
53.
53.
54.
54.
58.
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Bef ore
Bef ore
Before
Before
Before
Before
Before
Bef ore
Bef ore
Before
Before
Before
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Before
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1973/ 09/ 23
1973/ 10/ 03
1973/ 10/ 29
1974/ 03/ 16
1974/ 03/ 21
1974/ 07/ 05
1974/ 07/ 06
1974/ 07/ 23
1974/ 09/ 15
1974/ 09/ 16
1974/ 10/ 13
1974/ 10/ 16
1974/ 11/ 11
1975/ 01/ 07
1975/ 03/ 10
1975/ 03/ 11
1975/ 07/ 09
1975/ 10/ 08
1975/ 11/ 02
1976/ 01/ 10
1976/ 01/ 11
1976/ 03/ 26
1980/ 02/ 15
1980/ 07/ 18
1980/ 07/ 25
1980/ 12/ 19
1981/ 02/ 06
1981/ 03/ 05
1981/ 04/ 12
1981/ 04/ 13
1981/ 04/ 26
1981/ 05/ 10
1981/ 05/ 11
1981/ 05/ 15
1981/ 05/ 18
1981/ 06/ 07
1981/ 07/ 25
1981/ 07/ 26
1981/ 10/ 14
1981/ 10/ 20
1981/ 10/ 22
1981/ 11/ 12
1982/ 02/ 02
1982/ 02/ 22
1982/ 03/ 01
1982/ 03/ 02
1982/ 04/ 10
1982/ 04/ 25
1982/ 06/ 12
1982/ 06/ 30
1982/ 07/ 12
1982/ 07/ 13
1982/ 07/ 14
1982/ 07/ 16
1982/ 07/ 24
1982/ 08/ 07
1982/ 09/ 05
1982/ 09/ 06
1982/ 09/ 07
1982/ 09/ 09
1982/ 09/ 21
1982/ 09/ 22
1982/ 09/ 26
1982/ 09/ 27
1982/ 11/ 24
1982/ 11/ 25
1982/ 12/ 17
1982/ 12/ 22
1983/ 01/ 10
1983/ 02/ 04
1983/ 02/ 05
1983/ 03/ 02
1983/ 03/ 12
1983/ 04/ 15
1983/ 05/ 17
1983/ 05/ 24
1983/ 06/ 13
1983/ 08/ 08
1983/ 10/ 04
1983/ 11/ 09
1984/ 03/ 28
1984/ 04/ 04
1984/ 04/ 09
1984/ 04/ 26
1984/ 06/ 16
1984/ 07/ 13
1984/ 08/ 01
1984/ 09/ 04
1984/ 09/ 05
1984/ 09/ 23
1984/ 10/ 18
1984/ 10/ 19
1984/ 10/ 20
1984/ 11/ 15
1984/ 11/ 16

10

Ap= 63,
Ap= 48,

Ap= 42,
Ap= 68,
Ap= 74,
Ap=130,
Ap= 82,
Ap= 73,

Ap=145,

Ap= 30,
Ap= 46,

Ap=134,
Ap= 78,

Ap= 72,

Ap= 84,
Ap= 42,
Ap= 83,
Ap= 54,
Ap= 62,
Ap= 42,
Ap= 78,
Ap= 59,
Ap=143,
Ap= 86,
Ap= 53,
Ap= 59,
Ap= 64,
Ap= 77,
Ap= 70,
Ap= 62,
Ap= 43,
Ap= 43,
Ap= 60,
Ap= 84,
Ap= 37,
Ap=103,
Ap= 42,
Ap= 62,
Ap= 75,
Ap= 59,
Ap= 63,
Ap=112,
Ap= 43,
Ap= 75,
Ap= 63,
Ap= 52,
Ap=112,
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58.
59.
59.
64
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68.
68.
68.
70.
70.
71.
71.
72.

76.
76.
80.
83.
84

86.
86.

02.
07.
07.
12.
14

15.
16.
16.
16.
17.
17.
17.
17.
18.
19.

22.
22.
22.
23.
26.
26.
27.
27.
28.
28.
30.
30.

31.
31.
31.
31.
32.
33.
33.

33.
33.
33.
33.
33.
35.
35.

36.
37.
38.
38.
39.
39.
40.
41.
41.
42.
44.
46.
47.
51.
52.
52.
52.
54.
55.
56.
57.
57.
57.
58.
58.
58.
59.
59.

Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before

33333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333
2223222333232 22323223232323233233232323323323233233333333323:332333333:2323233333323333333:3323332332323232:232333:23

30.
29.
29.
24

24

20.
20.
20.
18.
18.
17.
17.
16.

12.
12.
08.
05.
04

02.
02.

79.
74
74
69.

66.
65.
65.
65.
64

64

64.
64.
63.
62.
62.
59.
59.
59.
58.

55.
54

54

53.
53.
51.
51.
50.
50.
50.
50.
50.
49.
48.
48.

48.
48.
48.
48.
48.
46.
46.

45.
44

43.
43.
42.
42.
41.
40.
40.
39.
37.
35.

30.
29.

29.
27.
26.
25.
24

24

24.
23.
23.
23.
22.
22.

Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
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Peak
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Peak
Peak
Peak
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Peak
Peak
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Peak
Peak
Peak
Peak
Peak
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Peak
Peak
Peak
Peak
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Kp=70
Kp=7+
Kp=70
Kp=70
Kp=7-
Kp=7-
Kp=9-
Kp=70
Kp=8-
Kp=8o
Kp=70
Kp=70
Kp=70
Kp=8-
Kp=70
Kp=7-
Kp=7-
Kp=7-
Kp=7-
Kp=70
Kp=7+
Kp=80
Kp=70
Kp=7-
Kp=70
Kp=8-
Kp=7-
Kp=7+
Kp=70
Kp=8+
Kp=7+
Kp=70
Kp=7-
Kp=70
Kp=70
Kp=7-
Kp=8+
Kp=8o0
Kp=80
Kp=70
Kp=70
Kp=7-
Kp=70
Kp=7-
Kp=8o0
Kp=80
Kp=70
Kp=7-
Kp=7-

Kp=7-
Kp=90
Kp=90
Kp=70
Kp=7-
Kp=8-
Kp=7-
Kp=9-
Kp=7+
Kp=7-
Kp=7+
Kp=8+
Kp=7+
Kp=7-
Kp=7+
Kp=7-
Kp=7+
Kp=7-
Kp=8+
Kp=8-
Kp=8o
Kp=70
Kp=7+
Kp=7-
Kp=7+
Kp=80
Kp=8-
Kp=8-
Kp=7-
Kp=70
Kp=7+
Kp=8-
Kp=7+
Kp=8-
Kp=7-
Kp=70
Kp=70
Kp=8-
Kp=70
Kp=70
Kp=7-
Kp=7-
Kp=7-
Kp=7+
Kp=8o0



1985/ 02/ 27
1985/ 02/ 28
1985/ 04/ 20
1985/ 04/ 21
1985/ 04/ 28
1985/ 04/ 30
1985/ 07/ 12
1985/ 10/ 05
1985/ 11/ 29
1985/ 11/ 30
1986/ 02/ 07
1986/ 02/ 08
1986/ 02/ 09
1986/ 05/ 02
1986/ 05/ 03
1986/ 05/ 06
1986/ 09/ 12
1989/ 08/ 14
1989/ 08/ 15
1989/ 08/ 28
1989/ 08/ 29
1989/ 09/ 18
1989/ 09/ 19
1989/ 09/ 26
1989/ 10/ 20
1989/10/ 21
1989/ 11/ 17
1989/11/ 18
1989/ 12/ 29
1990/ 02/ 15
1990/ 02/ 16
1990/ 03/ 12
1990/ 03/ 20
1990/ 03/ 21
1990/ 03/ 30
1990/ 04/ 10
1990/ 04/ 11
1990/ 04/ 12
1990/ 05/ 26
1990/ 05/ 27
1990/ 06/ 12
1990/ 06/ 13
1990/ 06/ 14
1990/ 07/ 28
1990/ 07/ 29
1990/ 08/ 23
1990/ 08/ 26
1990/ 09/ 01
1990/ 11/ 27
1991/03/ 21
1991/ 03/ 24
1991/ 03/ 25
1991/ 03/ 26
1991/ 04/ 04
1991/ 04/ 29
1991/ 05/ 31
1991/ 06/ 01
1991/ 06/ 02
1991/ 06/ 04
1991/ 06/ 05
1991/ 06/ 06
1991/ 06/ 09
1991/ 06/ 10
1991/ 06/ 11
1991/ 06/ 12
1991/ 06/ 13
1991/ 06/ 17
1991/ 07/ 08
1991/ 07/ 09
1991/ 07/ 13
1991/ 07/ 14
1991/ 08/ 12
1991/ 08/ 19
1991/ 08/ 20
1991/ 08/ 22
1991/ 08/ 27
1991/ 09/ 09
1991/10/01
1991/10/ 08
1991/ 10/ 28
1991/ 10/ 29
1991/10/ 31
1991/11/01
1991/11/02
1991/11/08
1991/11/09
1991/11/21
1992/ 02/ 03
1992/ 02/ 08

Ap= 19,
Ap= 60,
Ap= 53,
Ap=103,
Ap= 61,

Ap= 66,
Ap= 37,

Ap= 69,
Ap=124,

Ap= 74,

Ap= 58,
Ap=196,
Ap= 49,
Ap= 58,
Ap=119,
Ap= 88,
Ap= 66,
Ap=120,
Ap= 67,
Ap= 68,
Ap=117,
Ap=134,
Ap= 75,

Ap= 74,
Ap= 67,
Ap= 48,
Ap= 37,

Ap= 54,
Ap= 41,

Ap=128,
Ap= 59,
Ap=109,
Ap= 41,
Ap= 98,
Ap=119,
Ap= 65,
Ap= 92,
Ap= 49,
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62.
64.
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64.
67.
70.
71
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74.
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77.
77.
81
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APPENDIX B

This gppendix ligs all of the geomagnetic sorm events having Kp vaues of 7 or higher during
the intervd from 1932 to 2002, incduding those years near and prior to the solar maximum. In
other words, this dataset is not limited exclusively to the declining phase of the solar cycle.

1932/03/28 Ap= 38, After max: 47. Before min: 18. Peak Kp=7- | 1940/04/25 Ap= 70, After max: 36. Before min: 46. Peak Kp=8o
1932/ 05/29 Ap= 75, After nmax: 49. Before min: 16. Peak Kp=8- | 1940/04/26 Ap= 43, After max: 36. Before min: 46. Peak Kp=70
1932/ 05/ 30 Ap= 66, After max: 49. Before min: 16. Peak Kp=8o | 1940/05/24 Ap= 78, After max: 37. Before min: 45. Peak Kp=8-
1932/ 08/28 Ap= 59, After max: 52. Before min: 13. Peak Kp=70 | 1940/ 06/ 25 Ap=126, After max: 38. Before min: 44. Peak Kp=8+
1933/ 05/ 01 Ap= 82, After nax: 61. Before min: 04. Peak Kp=8- | 1940/07/13 Ap= 58, After nmax: 39. Before min: 43. Peak Kp=8-
1933/ 08/ 05 Ap= 36, After max: 64. Before min: 01. Peak Kp=7- | 1940/09/26 Ap= 44, After max: 41. Before nin: 41. Peak Kp=8-
1933/ 09/ 09 Ap= 54, After max: 65. Before min: 00. Peak Kp=7- | 1940/09/27 Ap= 45, After nmax: 41. Before min: 41. Peak Kp=7-
1936/ 04/ 21 Ap= 45, Before max: 12. After min: 31. Peak Kp=70 | 1940/10/01 Ap= 40, After max: 42. Before min: 40. Peak Kp=70
1936/ 06/ 19 Ap= 67, Before max: 10. After min: 33. Peak Kp=7+ | 1940/10/07 Ap= 61, After max: 42. Before min: 40. Peak Kp=70
1936/ 11/ 29 Ap= 60, Before max: 05. After nin: 38. Peak Kp=70 | 1940/ 10/ 08 Ap= 49, After max: 42. Before min: 40. Peak Kp=7-
1937/ 02/ 03 Ap= 56, Before max: 02. After min: 41. Peak Kp=7- | 1940/11/13 Ap= 49, After max: 43. Before min: 39. Peak Kp=7-
1937/ 03/ 31 Ap= 53, Before max: 01. After min: 42. Peak Kp=7+ | 1941/03/01 Ap=207, After max: 47. Before min: 35. Peak Kp=90
1937/ 04/ 24 Ap= 45, Before max: 00. After min: 43. Peak Kp=80 | 1941/03/14 Ap= 79, After max: 47. Before min: 35. Peak Kp=70
1937/ 04/ 25 Ap= 72, Before max: 00. After min: 43. Peak Kp=7+ | 1941/ 03/ 30 Ap= 85, After max: 47. Before min: 35. Peak Kp=8-
1937/ 04/ 26 Ap= 67, Before max: 00. After min: 43. Peak Kp=8+ | 1941/03/31 Ap= 76, After nmax: 47. Before min: 35. Peak Kp=8-
1937/ 04/ 27 Ap= 61, Before max: 00. After min: 43. Peak Kp=70 | 1941/04/24 Ap= 63, After max: 48. Before min: 34. Peak Kp=7-
1937/ 04/ 28 Ap=128, Before max: 00. After min: 43. Peak Kp=8o0 | 1941/07/05 Ap=222, After nmax: 51. Before min: 31. Peak Kp=90
1937/ 05/ 05 Ap= 65, After max: 01. Before min: 81. Peak Kp=70 | 1941/ 07/ 07 Ap= 54, After max: 51. Before nmin: 31. Peak Kp=70
1937/ 08/ 22 Ap= 74, After max: 04. Before min: 78. Peak Kp=8o | 1941/ 08/ 04 Ap=110, After max: 52. Before min: 30. Peak Kp=8+
1937/ 09/ 30 Ap= 36, After nmax: 05. Before min: 77. Peak Kp=7- | 1941/09/18 Ap=232, After nax: 53. Before nmin: 29. Peak Kp=9-
1937/ 10/ 04 Ap= 71, After nmax: 06. Before min: 76. Peak Kp=8- | 1941/09/19 Ap=176, After max: 53. Before min: 29. Peak Kp=90
1937/ 10/ 08 Ap= 38, After max: 06. Before min: 76. Peak Kp=7- | 1941/10/11 Ap= 42, After max: 54. Before nin: 28. Peak Kp=7-
1937/ 10/ 11 Ap= 46, After max: 06. Before min: 76. Peak Kp=70 | 1941/10/31 Ap= 47, After nmax: 54. Before min: 28. Peak Kp=7-
1938/ 01/16 Ap= 34, After max: 09. Before min: 73. Peak Kp=8- |1941/11/01 Ap= 79, After max: 55. Before min: 27. Peak Kp=8-
1938/ 01/17 Ap=120, After max: 09. Before min: 73. Peak Kp=8+ | 1941/12/01 Ap= 83, After max: 56. Before min: 26. Peak Kp=8-
1938/ 01/22 Ap=128, After max: 09. Before min: 73. Peak Kp=8+ | 1942/03/01 Ap=111, After max: 59. Before min: 23. Peak Kp=80
1938/ 01/ 25 Ap=107, After max: 09. Before min: 73. Peak Kp=9- | 1942/03/02 Ap= 45, After max: 59. Before min: 23. Peak Kp=7+
1938/ 01/ 26 Ap= 62, After max: 09. Before min: 73. Peak Kp=8+ | 1942/03/05 Ap= 52, After max: 59. Before min: 23. Peak Kp=70
1938/ 02/ 06 Ap= 51, After max: 10. Before min: 72. Peak Kp=7- | 1942/04/04 Ap= 70, After max: 60. Before min: 22. Peak Kp=7+
1938/ 04/ 13 Ap= 36, After max: 12. Before min: 70. Peak Kp=7- | 1942/08/16 Ap= 35, After max: 64. Before mn: 18. Peak Kp=7-
1938/ 04/ 14 Ap= 60, After max: 12. Before min: 70. Peak Kp=70 | 1942/09/12 Ap= 54, After max: 65. Before min: 17. Peak Kp=7-
1938/ 04/ 16 Ap=136, After nmax: 12. Before min: 70. Peak Kp=90 | 1942/10/02 Ap= 48, After max: 66. Before min: 16. Peak Kp=7-
1938/ 05/ 04 Ap= 44, After max: 13. Before min: 69. Peak Kp=70 | 1942/ 10/28 Ap= 56, After nmax: 66. Before min: 16. Peak Kp=70
1938/ 05/ 11 Ap=103, After max: 13. Before min: 69. Peak Kp=9- | 1942/10/29 Ap= 80, After nmax: 66. Before min: 16. Peak Kp=7+
1938/ 05/ 12 Ap= 76, After max: 13. Before nmin: 69. Peak Kp=7+ | 1942/ 11/ 24 Ap= 62, After nax: 67. Before min: 15. Peak Kp=7-
1938/ 07/ 15 Ap= 67, After max: 15. Before min: 67. Peak Kp=70 | 1943/01/20 Ap= 40, After nax: 69. Before min: 13. Peak Kp=7-
1938/ 08/ 03 Ap= 27, After max: 16. Before min: 66. Peak Kp=7+ | 1943/02/17 Ap= 41, After nmax: 70. Before min: 12. Peak Kp=7-
1938/ 08/ 04 Ap= 50, After max: 16. Before min: 66. Peak Kp=7- | 1943/03/29 Ap= 38, After max: 71. Before min: 11. Peak Kp=70
1938/ 09/ 15 Ap=100, After max: 17. Before min: 65. Peak Kp=7+ | 1943/08/08 Ap= 79, After max: 76. Before nmin: 06. Peak Kp=7+
1938/ 09/ 27 Ap= 30, After max: 17. Before min: 65. Peak Kp=70 | 1943/08/ 09 Ap= 48, After max: 76. Before min: 06. Peak Kp=8-
1938/ 09/ 28 Ap= 56, After max: 17. Before min: 65. Peak Kp=8- | 1943/08/28 Ap= 43, After nmax: 76. Before min: 06. Peak Kp=70
1938/ 09/ 30 Ap= 32, After nmax: 17. Before min: 65. Peak Kp=7- | 1943/08/30 Ap= 90, After max: 76. Before min: 06. Peak Kp=70
1938/ 10/ 01 Ap= 45, After max: 18. Before nin: 64. Peak Kp=7+ | 1943/ 08/ 31 Ap=140, After nmax: 76. Before min: 06. Peak Kp=8+
1938/ 10/ 07 Ap= 67, After max: 18. Before min: 64. Peak Kp=70 | 1943/09/29 Ap= 61, After nax: 77. Before min: 05. Peak Kp=7-
1938/ 10/ 08 Ap= 58, After max: 18. Before min: 64. Peak Kp=70 | 1943/09/30 Ap= 66, After max: 77. Before min: 05. Peak Kp=70
1939/ 02/ 24 Ap= 55, After max: 22. Before min: 60. Peak Kp=7+ | 1943/10/24 Ap= 42, After max: 78. Before min: 04. Peak Kp=7-
1939/ 02/ 25 Ap= 73, After max: 22. Before min: 60. Peak Kp=7+ | 1943/11/19 Ap= 57, After max: 79. Before min: 03. Peak Kp=7-
1939/ 03/ 28 Ap= 56, After nmax: 23. Before min: 59. Peak Kp=7- | 1944/02/14 Ap= 49, After max: 82. Before min: 00. Peak Kp=7-
1939/ 04/ 17 Ap=135, After max: 24. Before min: 58. Peak Kp=80 | 1944/03/27 Ap= 60, Before max: 55. After min: 01. Peak Kp=7+
1939/ 04/ 19 Ap= 45, After nax: 24. Before min: 58. Peak Kp=7- | 1944/04/02 Ap= 88, Before max: 54. After min: 02. Peak Kp=8+
1939/ 04/ 23 Ap= 92, After max: 24. Before min: 58. Peak Kp=8- | 1944/12/16 Ap= 83, Before max: 46. After nin: 10. Peak Kp=8+

1939/ 04/ 24 Ap= 79, After max: 24. Before min: 58. Peak Kp=9- | 1945/01/29 Ap= 50, Before max: 45. After min: 11. Peak Kp=70
1939/ 04/ 25 Ap= 61, After max: 24. Before min: 58. Peak Kp=7+ | 1945/03/15 Ap= 57, Before max: 43. After min: 13. Peak Kp=7-
1939/05/01 Ap= 56, After max: 25. Before min: 57. Peak Kp=7- | 1945/03/28 Ap= 53, Before max: 43. After min: 13. Peak Kp=7+
1939/ 05/ 07 Ap= 51, After max: 25. Before min: 57. Peak Kp=7- | 1945/04/01 Ap= 54, Before max: 42. After nin: 14. Peak Kp=70
1939/ 06/ 14 Ap= 61, After nmax: 26. Before min: 56. Peak Kp=70 | 1945/12/14 Ap= 70, Before max: 34. After min: 22. Peak Kp=7-
1939/ 06/ 16 Ap= 35, After nax: 26. Before min: 56. Peak Kp=7- | 1946/01/03 Ap= 70, Before max: 33. After min: 23. Peak Kp=70
1939/ 07/ 03 Ap= 45, After nmax: 27. Before min: 55. Peak Kp=7- | 1946/ 02/ 07 Ap=127, Before max: 32. After min: 24. Peak Kp=8+
1939/ 07/ 04 Ap= 43, After max: 27. Before min: 55. Peak Kp=7- | 1946/ 02/08 Ap=118, Before max: 32. After min: 24. Peak Kp=9-
1939/ 07/ 05 Ap= 94, After max: 27. Before min: 55. Peak Kp=7+ | 1946/03/24 Ap=117, Before max: 31. After min: 25. Peak Kp=80
1939/ 07/21 Ap= 36, After max: 27. Before min: 55. Peak Kp=7+ | 1946/ 03/25 Ap=195, Before max: 31. After min: 25. Peak Kp=9-
1939/08/ 12 Ap= 88, After nmax: 28. Before min: 54. Peak Kp=8- | 1946/03/28 Ap=213, Before max: 31. After min: 25. Peak Kp=9-
1939/ 08/ 16 Ap= 62, After nmax: 28. Before min: 54. Peak Kp=8- | 1946/ 04/ 15 Ap= 61, Before max: 30. After min: 26. Peak Kp=7-
1939/ 08/ 22 Ap=133, After max: 28. Before min: 54. Peak Kp=8- | 1946/04/23 Ap=117, Before max: 30. After min: 26. Peak Kp=9-

1939/ 08/ 23 Ap= 89, After nax: 28. Before min: 54. Peak Kp=8- | 1946/ 04/24 Ap= 99, Before max: 30. After min: 26. Peak Kp=8+
1939/ 09/ 17 Ap= 55, After max: 29. Before min: 53. Peak Kp=70 | 1946/ 05/ 06 Ap= 41, Before nmax: 29. After min: 27. Peak Kp=7-
1939/ 10/ 04 Ap= 51, After max: 30. Before min: 52. Peak Kp=7+ | 1946/05/07 Ap= 37, Before max: 29. After min: 27. Peak Kp=7-
1939/ 10/ 09 Ap= 32, After max: 30. Before min: 52. Peak Kp=7- | 1946/05/11 Ap= 41, Before nmax: 29. After min: 27. Peak Kp=7-
1939/10/ 13 Ap= 89, After nmax: 30. Before min: 52. Peak Kp=80 | 1946/06/07 Ap= 47, Before max: 28. After min: 28. Peak Kp=7+
1939/10/14 Ap= 74, After max: 30. Before min: 52. Peak Kp=7- | 1946/06/29 Ap= 46, Before nmax: 28. After min: 28. Peak Kp=7-
1939/ 10/ 15 Ap= 68, After max: 30. Before min: 52. Peak Kp=8o | 1946/07/26 Ap= 79, Before max: 27. After min: 29. Peak Kp=9-
1940/ 01/ 03 Ap= 47, After max: 33. Before min: 49. Peak Kp=8- | 1946/ 07/27 Ap=152, Before max: 27. After min: 29. Peak Kp=90
1940/ 01/ 18 Ap= 38, After nmax: 33. Before min: 49. Peak Kp=7- | 1946/07/29 Ap= 60, Before max: 27. After min: 29. Peak Kp=70
1940/ 03/ 23 Ap= 51, After max: 35. Before min: 47. Peak Kp=7+ | 1946/08/31 Ap= 52, Before max: 26. After min: 30. Peak Kp=8-
1940/ 03/ 24 Ap=187, After max: 35. Before min: 47. Peak Kp=90 | 1946/ 09/ 16 Ap= 34, Before max: 25. After min: 31. Peak Kp=70
1940/ 03/ 25 Ap=184, After max: 35. Before min: 47. Peak Kp=9- | 1946/ 09/18 Ap=136, Before max: 25. After min: 31. Peak Kp=8-
1940/ 03/ 26 Ap= 53, After nmax: 35. Before min: 47. Peak Kp=7+ | 1946/09/19 Ap= 58, Before max: 25. After min: 31. Peak Kp=7-
1940/ 03/ 29 Ap=100, After max: 35. Before min: 47. Peak Kp=8+ | 1946/ 09/ 22 Ap=198, Before max: 25. After min: 31. Peak Kp=90
1940/ 03/ 30 Ap=189, After nmax: 35. Before min: 47. Peak Kp=9- | 1946/ 09/ 23 Ap=146, Before max: 25. After min: 31. Peak Kp=8o0
1940/ 03/ 31 Ap=128, After max: 35. Before min: 47. Peak Kp=8+ | 1946/ 09/ 28 Ap= 91, Before max: 25. After nmn: 31. Peak Kp=7+
1940/ 04/ 01 Ap= 66, After nmax: 36. Before min: 46. Peak Kp=7- | 1946/09/29 Ap= 36, Before nmax: 25. After min: 31. Peak Kp=7-
1940/ 04/ 02 Ap= 34, After max: 36. Before min: 46. Peak Kp=70 | 1946/ 10/ 27 Ap= 56, Before max: 24. After min: 32. Peak Kp=7-
1940/ 04/ 03 Ap= 98, After max: 36. Before min: 46. Peak Kp=80 | 1947/03/02 Ap= 81, Before max: 19. After min: 37. Peak Kp=70
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1947/ 03/ 03
1947/ 03/ 04
1947/ 03/ 08
1947/ 03/ 09
1947/ 03/ 15
1947/ 03/ 28
1947/ 04/ 17
1947/ 05/ 24
1947/ 06/ 14
1947/ 07/ 17
1947/ 07/ 18
1947/ 08/ 15
1947/ 08/ 16
1947/ 08/ 22
1947/ 08/ 23
1947/ 09/ 03
1947/ 09/ 07
1947/ 09/ 24
1947/ 09/ 25
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1947/ 11/ 09
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1948/ 03/ 15
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1948/ 05/ 16
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1949/ 01/ 24
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1949/ 03/ 16
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1949/ 04/ 07
1949/ 04/ 08
1949/ 05/ 03
1949/ 05/ 12
1949/ 05/ 13
1949/ 05/ 30
1949/ 06/ 04
1949/ 08/ 03
1949/ 08/ 04
1949/ 08/ 08
1949/ 10/ 07
1949/ 10/ 08
1949/ 10/ 14
1949/ 10/ 15
1949/ 10/ 16
1950/ 01/ 24
1950/ 02/ 20
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1950/ 03/ 19
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07.

06.
06.
05.
02.

02.
00.
00.
00.

00.
00.
03.
03.

03.
03.
05.
05.

05.
05.
06.
06.
07.
07.
07.
07.
08.
10.
10.
10.
12.
12.
12.
12.
12.

15.
16.
16.
16.

17.
18.
19.
19.

20.
21.
22.
22.

22.
22.
23.
24.

24.
24.
25.
27.
28.
28.
29.
30.
31.
31.
31.
31.
31.
32.
32.
33.
33.

35.
35.
35.
35.

After
After
After
After

After
After
After
After

After mn:

After
After
After
After
After
After
After
After
After
After
After
After
After
After
After
After
After
After
After
After
After
After
After
After

After mn:

After
Before
Before

Before mn:

Before
Before
Before

Before mn:

Before
Before
Before
Before
Before
Bef ore
Before
Before
Before
Before
Before
Before
Bef ore
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before

Before mn:

Before
Before
Before

Before mn:

Before
Before
Before

Before min:

Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before

Before
Before
Before
Before

mn:
mn:
mn:
mn:

mn:

mn:
mn:
mn:

m n:
mn:
mn:
mn:
mn:
mn:
mn:
n

333333333
123333333
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mn:
mn:
mn:
mn:
mn:
mn:

mn:
mn:
mn:

mn:
mn:
mn:

mn:
mn:
mn:
mn:
mn:
mn:
mn:
mn:
min:
mn:
mn:
mn:
mn:
mn:
mn:
mn:
mn:
mn:
mn:
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mn:
mn:
mn:
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mn:
mn:
mn:
mn:
mn:
mn:
mn:
in:
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mn:

37. Peak Kp=8+

37.
37.
37.
37.
37.
38.
39.

Peak
Peak
Peak
Peak
Peak
Peak
Peak

Kp=7+
Kp=8-
Kp=7-
Kp=7+
Kp=7-
Kp=9-
Kp=8-

Peak Kp=70

Peak
Peak
Peak

Kp=8o0
Kp=7-
Kp=7+

Peak Kp=7+

Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak

Peak
Peak
Peak
Peak

Kp=8+
Kp=70
Kp=7+
Kp=7-
Kp=7+
Kp=8-
Kp=7-
Kp=7-
Kp=70
Kp=7-
Kp=7-
Kp=8+
Kp=7-
Kp=70
Kp=70
Kp=8-
Kp=70
Kp=70
Kp=8+
Kp=8+
Kp=8-
Kp=7-
Kp=7-
Kp=7+

Peak Kp=9-

Peak
Peak
Peak

Kp=8+
Kp=7+
Kp=7-

Peak Kp=8-

Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak

Kp=70
Kp=7+
Kp=70
Kp=70
Kp=9-
Kp=8o0
Kp=7-
Kp=7-
Kp=70
Kp=7-
Kp=7-
Kp=7+
Kp=7-
Kp=8-
Kp=8+
Kp=70
Kp=7-
Kp=9-
Kp=8-
Kp=70
Kp=7+
Kp=7-
Kp=70
Kp=70
Kp=7-
Kp=70
Kp=8-
Kp=8-

Peak Kp=8+

Peak
Peak
Peak

Kp=8+
Kp=70
Kp=7-

Peak Kp=7-

Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak

Kp=7+
Kp=7-
Kp=7-
Kp=70
Kp=70
Kp=7-
Kp=8-
Kp=7+
Kp=7+
Kp=7+
Kp=7-
Kp=70
Kp=80
Kp=7+
Kp=70
Kp=8-
Kp=70
Kp=7-
Kp=8-
Kp=7+

1951/ 09/ 21
1951/ 09/ 22
1951/ 09/ 25
1951/ 09/ 26
1951/ 10/ 07
1951/ 10/ 17
1951/ 10/ 28
1951/ 12/ 28
1952/ 02/ 10
1952/ 02/ 24
1952/ 03/ 03
1952/ 03/ 05
1952/ 03/ 06
1952/ 03/ 07
1952/ 03/ 23
1952/ 03/ 30
1952/ 03/ 31
1952/ 04/ 02
1952/ 04/ 03
1952/ 04/ 10
1952/ 04/ 21
1952/ 04/ 29
1952/ 04/ 30
1952/ 05/ 03
1952/ 05/ 04
1952/ 05/ 07
1952/ 05/ 26
1952/ 05/ 27
1952/ 06/ 30
1952/ 09/ 29
1952/ 09/ 30
1952/ 10/ 04
1952/ 10/ 05
1952/ 12/ 04
1952/ 12/ 27
1953/ 01/ 05
1953/ 03/ 08
1953/ 03/ 09
1953/ 03/ 24
1953/ 05/ 15
1953/ 05/ 16
1953/ 05/ 17
1953/ 08/ 24
1953/ 09/ 03
1953/ 09/ 04
1953/ 09/ 19
1953/ 10/ 15
1954/ 04/ 11
1954/ 04/ 12
1954/ 09/ 20
1955/ 01/ 17
1955/ 01/ 18
1955/ 04/ 27
1955/ 04/ 28
1955/ 05/ 25
1955/ 09/ 30
1955/ 11/ 19
1956/ 02/ 25
1956/ 03/ 03
1956/ 03/ 22
1956/ 04/ 21
1956/ 04/ 22
1956/ 04/ 26
1956/ 04/ 27
1956/ 04/ 28
1956/ 04/ 29
1956/ 05/ 13
1956/ 05/ 16
1956/ 05/ 17
1956/ 05/ 23
1956/ 05/ 24
1956/ 05/ 25
1956/ 06/ 25
1956/ 08/ 24
1956/ 09/ 02
1956/ 09/ 08
1956/ 10/ 26
1956/ 11/ 11
1956/ 11/ 14
1956/ 11/ 15
1956/ 11/ 16
1956/ 11/ 25
1957/ 01/ 21
1957/ 01/ 22
1957/ 02/ 24
1957/ 03/ 02
1957/ 03/ 10
1957/ 03/ 27
1957/ 03/ 28
1957/ 03/ 29
1957/ 04/ 10
1957/ 04/ 17
1957/ 04/ 19
1957/ 06/ 26
1957/ 06/ 30
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Ap= 62

Ap=132,
Ap= 73,
Ap= 44,
Ap= 58,
Ap= 77,
Ap= 58,
Ap= 55,
Ap= 60,
Ap= 84,
Ap=150,

After max

After max
After max
After max:

After max

After max:
After max:
After nmax:

After max

After max
After max:
After max:

After max:

After max:
After nmax:
After max:
After max:
After max
After max:
After max:
After max:
After nmax
After max:
After max:
After max
After nax
After max:
After max:
After max:

After max

After max:
After max:
After max

After max:

After max:
After max:
After max:

After max:

After max:
After max:
After max:

After max
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After max:
After nmax:
After nmax:
After max
After max
After max:
Bef ore max:
Before max
Before max:
Bef ore max
Before max
Bef ore max
Bef ore max
Bef ore max:
Before max
Before max
Before max
Before max
Before max

Before max:

Bef ore max:
Bef ore max
Before max:

Bef ore max:

Bef ore max
Before max
Bef ore max

Before max:

Bef ore max
Before max:
Before max:

Before max:

Before max
Bef ore max
Bef ore max
Bef ore max
Bef ore max:
Before max:
Before max
Bef ore max
Before max
Before max
Bef ore max
Bef ore max
Bef ore max
Before max
Bef ore max
Bef ore max
Before max
Bef ore max
Bef ore max
Bef ore max
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Before
Before
Before

Before nin:

Before
Before
Before

Before mn:

Before
Before
Before

Before min:

Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before

Before mn:

Before
Before
Before

Before nin:

Before
Before
Before

Before min:

Before
Before
Before

Before
Before
Before
Before
After
After
After
After
After
After
After
After
After
After
After
After
After

After
After
After
After

After nmin:

After
After
After
After
After
After
After
After
After
After
After
After
After
After
After
After
After
After
After
After
After
After
After
After
After
After
After
After

mn:
mn:
mn:
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mn:
mn:
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mn:
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mn:
mn:
mn:
mn:
mn:
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31.
31.
31.
31

30.
30.
30.
28.

26.

26.

25.

25.
25.

26.
28.
29

29.
30.
31

31.
31.
31.
31.

Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak

Kp=70
Kp=70
Kp=8+
Kp=9-
Kp=7-
Kp=70
Kp=9-
Kp=70

Peak Kp=7-

Peak
Peak
Peak

Kp=70
Kp=7-
Kp=7+

Peak Kp=8o

Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak

Kp=7-
Kp=70
Kp=7-
Kp=8-
Kp=70
Kp=7-
Kp=7-
Kp=8+
Kp=7+
Kp=7-
Kp=70
Kp=7-
Kp=70
Kp=8-
Kp=80
Kp=8o0
Kp=70
Kp=7+
Kp=7-
Kp=7-
Kp=7-
Kp=7-
Kp=7-
Kp=7-
Kp=7-

Kp=7-
Kp=8-
Kp=7+

Peak Kp=7-

Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak

Kp=7-
Kp=7+
Kp=7+
Kp=7-
Kp=7+
Kp=7+
Kp=7+
Kp=7-
Kp=7-
Kp=8-
Kp=8-
Kp=70
Kp=7-
Kp=7-
Kp=8-
Kp=8+
Kp=7+
Kp=70
Kp=70
Kp=7+
Kp=8-
Kp=9-
Kp=70
Kp=8-
Kp=7-
Kp=8+
Kp=70
Kp=7-
Kp=70
Kp=70
Kp=7-
Kp=8-

Peak Kp=8o

Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak

Kp=8+
Kp=7-
Kp=7-
Kp=70
Kp=8-
Kp=7-
Kp=70
Kp=9-
Kp=8+
Kp=70
Kp=8+
Kp=70
Kp=70
Kp=70
Kp=8-
Kp=7-
Kp=8-
Kp=7-
Kp=70
Kp=8+



1957/ 07/ 01
1957/ 07/ 02
1957/ 07/ 05
1957/ 08/ 29
1957/ 08/ 30
1957/ 08/ 31
1957/ 09/ 02
1957/ 09/ 03
1957/ 09/ 04
1957/ 09/ 05
1957/ 09/ 13
1957/ 09/ 21
1957/ 09/ 22
1957/ 09/ 23
1957/ 09/ 29
1957/10/ 21
1957/ 11/ 07
1957/ 11/ 26
1958/ 01/ 21
1958/ 02/ 11
1958/ 03/ 05
1958/ 03/ 12
1958/ 05/ 26
1958/ 05/ 31
1958/ 06/ 01
1958/ 06/ 07
1958/ 06/ 28
1958/ 06/ 29
1958/ 07/ 08
1958/ 07/ 09
1958/ 07/ 21
1958/ 08/ 17
1958/ 08/ 24
1958/ 08/ 27
1958/ 09/ 03
1958/ 09/ 04
1958/ 09/ 05
1958/ 09/ 25
1958/ 10/ 24
1958/ 12/ 04
1958/ 12/ 05
1958/ 12/ 18
1959/ 02/ 25
1959/ 03/ 26
1959/ 03/ 27
1959/ 03/ 28
1959/ 03/ 29
1959/ 04/ 10
1959/ 04/ 23
1959/ 05/ 12
1959/ 05/ 24
1959/ 07/ 11
1959/ 07/ 15
1959/ 07/ 16
1959/ 07/ 17
1959/ 07/ 18
1959/ 08/ 16
1959/ 08/ 17
1959/ 09/ 03
1959/ 09/ 04
1959/ 09/ 21
1959/ 09/ 22
1959/ 10/ 03
1959/ 10/ 04
1959/ 11/ 28
1959/ 12/ 05
1960/ 03/ 16
1960/ 03/ 31
1960/ 04/ 01
1960/ 04/ 02
1960/ 04/ 03
1960/ 04/ 10
1960/ 04/ 24
1960/ 04/ 25
1960/ 04/ 27
1960/ 04/ 28
1960/ 04/ 30
1960/ 05/ 01
1960/ 05/ 06
1960/ 05/ 08
1960/ 05/ 11
1960/ 05/ 29
1960/ 06/ 27
1960/ 06/ 29
1960/ 06/ 30
1960/ 07/ 15
1960/ 07/ 16
1960/ 08/ 16
1960/ 08/ 17
1960/ 08/ 29
1960/ 08/ 30
1960/ 09/ 03
1960/ 09/ 04
1960/ 09/ 05
1960/ 10/ 04

Ap= 83,
Ap= 55,
Ap= 56,
Ap= 28,
Ap= 38,
Ap= 36,
Ap=102,
Ap=135,
Ap=145,
Ap=112,
Ap=160,
74
Ap=104,
Ap=164,
Ap=139,
Ap= 28,
Ap= 31,
Ap= 64,
Ap= 33,
Ap=199,
Ap= 39,
Ap= 64
Ap= 39,
Ap= 72,
Ap= 60,
Ap= 77,
Ap= 55,
Ap=103,
Ap=200,
Ap= 75,
Ap= 53,
Ap= 82,
Ap= 85,
Ap= 64,
Ap= 64,
Ap=131,
Ap= 71,
Ap= 82,
Ap= 89,
Ap= 54,
Ap= 28,
Ap= 33,
Ap= 69,
Ap= 81,
Ap=178,
Ap= 87,
Ap= 73,
Ap= 98,
Ap= 40,
Ap=108,
Ap= 52,
44,
Ap=236,
Ap= 47,
Ap=110,
Ap=119,
Ap=130,
Ap=114,
Ap= 39,
Ap=103,
Ap= 86,
Ap= 73,
Ap= 46,
Ap= 51,
82,
Ap= 68,
Ap= 52,
Ap=129,
Ap=241,
Ap= 62,
Ap= 68,
Ap= 33,
Ap= 66,
Ap= 57,
Ap= 31,
Ap= 84,
Ap=174,
Ap= 49,
Ap= 60,
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max:
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max:
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max:
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max:
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After mn:
After mn:
After mn:
After min:
After mn:
After mn:
After min:
After mn:
After mn:
After min:
After min:
After min:
After mn:
After min:
After
After
After
After
After
After
After
After
Before
Before
Before
Before
Before
Before
Before
Before
Before
Before min:
Before min:
Before mn:
Before min:
Before min:
Before mn:
Before mn:
Before mn:
Before min:
Before min:
Before mn:
Before mn:
Before mn:
Before min:
Before mn:
Before min:
Before min:
Before min:
Before min:
Before mn:
Before min:
Before min:
Before mn:
Before mn:
Before min:
Before min:
Before min:
Before nmin:
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Before min:
Before min:
Before min:
Before min:
Before nmin:
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Before min:
Before min:
Before min:
Before min:
Before min:
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Before mn:
Before min:
Before min:
Before min:
Before min:
Before min:
Before min:
Before min:
Before mn:
Before min:
Before min:
Before min:
Before mn:
Before mn:
Before min:
Before mn:
Before nin:
Before min:
Before min:
Before min:

mn:

39.
39.
39.
40.

40.
40.
41.
41.

41.
41.
41.
41.

41.

Peak Kp=7+
Peak Kp=8o
Peak Kp=7+
Peak Kp=7-
Peak Kp=7-
Peak Kp=70
Peak Kp=8-
Peak Kp=9-
Peak Kp=90
Peak Kp=9-
Peak Kp=9-
Peak Kp=7+
Peak Kp=8+
Peak Kp=9-
Peak Kp=9-
Peak Kp=7-
Peak Kp=70
Peak Kp=7-
Peak Kp=7-
Peak Kp=90
Peak Kp=7-
Peak Kp=70
Peak Kp=7-
Peak Kp=8o
Peak Kp=8-
Peak Kp=8-
Peak Kp=8-
Peak Kp=80
Peak Kp=90
Peak Kp=7o0
Peak Kp=7+
Peak Kp=7+
Peak Kp=8-
Peak Kp=7-
Peak Kp=7-
Peak Kp=9-
Peak Kp=80
Peak Kp=70
Peak Kp=70
Peak Kp=7-
Peak Kp=70
Peak Kp=70
Peak Kp=7+
Peak Kp=80
Peak Kp=8+
Peak Kp=7+
Peak Kp=7-
Peak Kp=8-
Peak Kp=7-
Peak Kp=8+
Peak Kp=7+
Peak Kp=7-
Peak Kp=90
Peak Kp=7+
Peak Kp=9-
Peak Kp=8o
Peak Kp=8+
Peak Kp=8+
Peak Kp=8-
Peak Kp=7+
Peak Kp=70
Peak Kp=7o0
Peak Kp=7-
Peak Kp=70
Peak Kp=8o0
Peak Kp=8-
Peak Kp=7-
Peak Kp=8+
Peak Kp=9-
Peak Kp=7o0
Peak Kp=7+
Peak Kp=7-
54. Peak Kp=7-
54. Peak Kp=7-
54. Peak Kp=70
54. Peak Kp=70
54. Peak Kp=90
53. Peak Kp=7-
53. Peak Kp=7+
53. Peak Kp=8+
53. Peak Kp=7-
53. Peak Kp=8-
52. Peak Kp=7-
52. Peak Kp=7-
52. Peak Kp=70
51. Peak Kp=8o0
51. Peak Kp=8+
50. Peak Kp=70
Peak Kp=8-
Peak Kp=7-
Peak Kp=70
Peak Kp=7-
Peak Kp=8o
Peak Kp=8-
Peak Kp=7-

70.
70.
68.
67.
67.
67.
67.
66.
66.
65.
65.
63.
63.
63.
63.
63.
62.
62.

54.
54.
54.

1960/ 10/ 06
1960/ 10/ 07
1960/ 10/ 25
1960/ 10/ 26
1960/ 11/ 12
1960/ 11/ 13
1960/ 11/ 14
1960/ 11/ 15
1960/ 11/ 16
1960/ 12/ 01
1961/ 02/ 04
1961/ 02/ 18
1961/ 03/ 06
1961/ 03/ 10
1961/ 04/ 14
1961/ 04/ 15
1961/ 06/ 21
1961/ 06/ 22
1961/07/13
1961/ 07/ 14
1961/ 07/ 18
1961/ 07/ 27
1961/ 09/ 30
1961/ 10/ 01
1961/ 10/ 28
1961/ 12/ 01
1961/ 12/ 03
1962/ 09/ 12
1962/ 12/ 17
1963/ 06/ 07
1963/ 08/ 20
1963/ 09/ 14
1963/ 09/ 21
1963/ 09/ 22
1963/ 09/ 23
1963/ 09/ 25
1963/ 10/ 24
1963/ 10/ 29
1963/ 10/ 30
1964/ 01/ 02
1964/ 04/ 01
1964/ 06/ 10
1964/ 09/ 22
1965/ 04/ 18
1965/ 06/ 16
1966/ 03/ 14
1966/ 03/ 23
1966/ 03/ 28
1966/ 05/ 26
1966/ 08/ 30
1966/ 09/ 03
1966/ 09/ 04
1966/ 12/ 14
1967/ 01/ 08
1967/01/ 14
1967/ 02/ 16
1967/ 05/ 03
1967/ 05/ 25
1967/ 05/ 26
1967/ 05/ 28
1967/ 05/ 29
1967/ 05/ 31
1967/ 06/ 05
1967/ 06/ 06
1967/ 06/ 07
1967/ 09/ 21
1968/ 04/ 05
1968/ 05/ 07
1968/ 06/ 11
1968/ 10/ 31
1968/ 11/ 01
1968/ 11/ 02
1968/ 11/ 03
1969/ 02/ 02
1969/ 03/ 23
1969/ 03/ 24
1969/ 04/ 28
1969/ 05/ 14
1969/ 05/ 15
1969/ 07/ 27
1969/ 09/ 28
1969/ 09/ 29
1969/ 09/ 30
1970/ 03/ 08
1970/ 04/ 21
1970/ 04/ 22
1970/ 05/ 28
1970/ 07/ 09
1970/ 07/ 10
1970/ 07/ 25
1970/ 08/ 16
1970/ 08/ 17
1970/ 10/ 18
1970/ 11/ 07
1970/ 12/ 14
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Ap=203,
Ap=186,
Ap= 76,
Ap= 63,
Ap= 67,
Ap=280,
Ap= 49,
Ap= 69,
Ap= 94,
Ap= 93,
Ap= 43,
Ap= 51,
Ap= 37,
Ap= 46,
Ap= 54,
Ap= 61,
Ap= 58,
Ap= 58,
Ap=102,
Ap= 98,
Ap= 93,
Ap=114,
Ap= 36,
Ap=114,
Ap=128,
Ap= 54,
Ap= 55,
Ap= 58,
Ap= 36,
Ap= 43,
Ap= 58,
Ap= 82,
Ap= 44,
Ap=126,
Ap= 78,
Ap= 60,
Ap= 63,
Ap= 74,
Ap= 35,
Ap= 53,
Ap= 46,
Ap= 49,
Ap= 44,
Ap= 68,
Ap= 73,
Ap= 64,
Ap= 67,
Ap= 42,
Ap= 78,
Ap= 82,
Ap= 92,
Ap=112,
Ap= 48,
Ap= 60,
Ap= 61,
Ap= 64,
Ap= 87,
Ap=130,
Ap=146,
Ap= 55,
Ap= 45,
Ap= 43,
Ap= 36,
Ap= 46,
Ap= 22,
Ap= 85,
Ap= 34,
Ap= 53,
Ap=103,
Ap=112,
Ap=122,
Ap= 82,
Ap= 35,
Ap= 47,
Ap= 47,
Ap= 79,
Ap= 60,
Ap= 50,
Ap=131,
Ap= 45,
Ap= 47,
Ap= 71,
Ap= 90,
Ap=149,
Ap= 90,
Ap= 41,
Ap= 45,
Ap= 87,
Ap= 34,
Ap= 92,
Ap= 21,
Ap=115,
Ap= 39,
Ap= 58,
Ap= 65,
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After
After
After
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After
After
After

After
After
After
After

After
After
After
After
After
After
After
After
After
After
After
After
After

After
After
After
After

After
After
After
After

After
After
After
After

After
After
After
After

After
After
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Before
Before
Before
Before
Before
Before
Before
Before
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Before
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Before
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max:
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max:
max:
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max:

max:
max:
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1972/ 09/ 13
1972/ 09/ 14
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1992/ 02/ 25 Ap= 55,
1992/ 02/ 26 Ap= 65,
1992/ 02/ 29 Ap= 44,
1992/ 05/ 09 Ap= 39,
1992/ 05/ 10 Ap=179,
1992/ 05/ 11 Ap= 70,
1992/ 06/ 30 Ap= 37,
1992/ 08/ 22 Ap= 39,
1992/ 08/ 23 Ap= 73,

1992/ 09/ 09 Ap= 84,
1992/ 09/ 10 Ap= 88,
1992/ 09/ 17 Ap= 93,
1992/ 09/ 29 Ap= 62,
1993/ 02/ 17 Ap= 36,
1993/ 03/ 09 Ap= 64,

1993/ 03/ 11 Ap= 50,
1993/ 03/ 24 Ap= 58,

1993/ 04/ 04 Ap= 58,
1993/ 04/ 05 = 87,
1993/ 06/ 10 = 28,
1993/ 08/ 16 = 78,
1993/ 08/ 17 = 27,
1993/ 09/ 13 = 91,
1993/ 10/ 09 Ap= 48,
1993/ 11/ 04 Ap= 77,
1993/ 12/ 02 = 48,
1994/ 02/ 21 = 95,

1994/ 02/ 22 Ap= 63,
1994/ 03/ 07 Ap= 65,
1994/ 04/ 02 Ap= 53,
1994/ 04/ 03 Ap= 92,
1994/ 04/ 04 Ap= 59,
1994/ 04/ 17 Ap=100,
1994/ 05/ 01 Ap= 50,
1994/ 05/ 02 Ap= 49,
1994/ 05/ 28 Ap= 44,
1994/ 10/ 03 Ap= 88,
1994/ 10/ 29 Ap= 53,
1994/ 10/ 30 Ap= 57,
1995/ 04/ 07 Ap=100,
1995/ 09/ 27 Ap= 41,
1995/ 10/ 04 Ap= 57,
1995/ 10/ 18 Ap= 32,
1995/ 10/ 19 Ap= 31,
1996/ 04/ 14 Ap= 32,
1996/ 10/ 22 Ap= 38,

1996/ 10/ 23 = 37,
1997/ 02/ 27 = 30,
1997/ 04/ 11 = 37,
1997/ 05/ 15 Ap= 56,
1997/ 10/ 01 = 46,
1997/ 11/ 07 = 44,

1997/ 11/ 23 Ap= 59,

1998/ 02/ 18 Ap= 36,
1998/ 03/ 10 = 53,
1998/ 05/ 02 = 63,

1998/ 05/ 04 Ap=101,
1998/ 05/ 05 Ap= 42,
1998/ 05/ 29 Ap= 26,
1998/ 08/ 06 Ap= 64,
1998/ 08/ 27 Ap=144,
1998/ 09/ 25 Ap=117,
1998/ 10/ 19 Ap= 62,
1998/ 11/ 08 Ap= 66,
1998/ 11/ 09 Ap= 75,
1999/ 01/ 13 Ap= 40,
1999/ 02/ 18 Ap= 80,
1999/ 04/ 17 Ap= 47,
1999/ 07/ 30 Ap= 53,
1999/ 09/ 22 Ap= 50,
1999/ 10/ 22 Ap= 91,
2000/ 02/ 12 Ap= 60,
2000/ 04/ 06 Ap= 82,
2000/ 04/ 07 Ap= 74,
2000/ 05/ 23 Ap= 29,
2000/ 05/ 24 Ap= 93,
2000/ 06/ 08 Ap= 64,
2000/ 07/ 13 Ap= 42,
2000/ 07/ 14 Ap= 51,
2000/ 07/ 15 Ap=164,
2000/ 07/ 16 Ap= 50,
2000/ 08/ 12 Ap=123,
2000/ 09/ 17 Ap= 56,
2000/ 09/ 18 Ap= 70,
2000/ 10/ 04 Ap= 63,
2000/ 10/ 05 Ap=1186,
2000/ 10/ 13 Ap= 36,
2000/ 11/ 06 Ap= 55,
2000/ 11/ 07 Ap= 46,
2000/ 11/ 29 Ap= 56,
2001/ 03/ 19 Ap= 37,
2001/ 03/ 20 Ap= 74,
2001/ 03/ 31 Ap=192,
2001/ 04/ 08 Ap= 63,
2001/ 04/ 11 Ap= 85,
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2001/ 04/ 12 Ap= 50,
2001/ 04/ 13 Ap= 50,
2001/ 04/ 18 Ap= 50,
2001/ 08/ 17 Ap= 42,
2001/ 09/ 25 Ap= 33,
2001/ 10/ 02 Ap= 52,
2001/ 10/ 03 Ap= 69,
2001/ 10/ 21 Ap= 57,
2001/ 10/ 22 Ap= 96,
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2001/ 10/ 28 Ap= 44,
2001/ 11/ 06 Ap=142,
2001/ 11/ 24 Ap=104,
2002/ 04/ 17 Ap= 62,
2002/ 04/ 18 Ap= 63,
2002/ 04/ 19 Ap= 62,
2002/ 04/ 20 Ap= 70,
2002/ 05/ 11 Ap= 49,
2002/ 05/ 23 Ap= 78,
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