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Abstract

Solar activity has a cycle of ~11 years, and its strength greatly varies depending on the cycle. [ have been seeking
for a formula that predicts the strength of this cycle once the beginning of the cycle is known using the old version
of the relative sunspot numbers and multiple regression analysis techniques. Two multiple regression formulas have
been discovered, and at least one of these pinpoints the strength of all past cycles. From these two formulas, the
author concludes that while they are the byproduct of the objective of predicting the strength of the cycle, which
differed from the original objective, the timing of the decline in solar activity can be identified. Furthermore, the
decline in solar activity is predictable, and extremely weak declines cannot be determined merely using the relative
sunspot numbers. The same two formulas exist for the new version of the relative sunspot numbers and are reported

in this study.
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Fig. 1. Yearly mean relative sunspot number (1750-2014)
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Fig. 2. A diagram for ®1(a) and ®2(a). Tp: The time when the
13-month moving average value is at a maximum. Tq: The first
time that the 13-month moving average value is < a% of Y at
the maximum. Tsg: The final time that the 13-month moving av-
erage value is < a% of Y at the maximum. T3: End of the
cycle (N-1) and start of the cycle N. T4: End of the cycle N.
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Fig. 3. Scatter ~ plot  diagram  (correlation  diagram)  for

yl and Y. R*2? is adjusted coefficient of determination.

Table 1. Adjusted  coefficient of  determination (R*2) when
multiple regression analysis is performed on the 17 cy-
cles used in figure 3, adding one of the other seven cycles.

Added cycle  R*2
- 0.9998
4 0.9341
5 0.9959
6 0.9439
13 0.9057
14 0.9713
17 0.8957
23 0.9658
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Fig. 4. Scatter plot diagram for y2 and Y

of determination (R*2) when
is performed on the 10 cy-
adding one of the other 14 cycles.

Table 2. Adjusted  coefficient
multiple regression analysis
cles used in figure 4,

Added cycle  R*?
- 0.9999
1 0.6485
2 0.6877
3 0.9165
9 0.8694
10 0.9188
11 0.9493
12 0.9577
15 0.7292
16 0.9248
19 0.5952
20 0.9091
21 0.9950
22 0.9082
24 0.7755
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Table 3. A table of cycles in which the yl and y2 formulas are estab-
lished. Filled circles show cycles in which the formulas are established.

Cycle Y vyl y2

1 865 @
2 1158 @
3 1585 @
4 141.2 [
5 49.2 o
6 48.7 [
7 715 @ @
8 1469 @ @
9 1320 @
10 %0 @
11 1403 @
12 746 @
13 87.9 [
14 64.2 [
15 1054 @
16 781 @
17 119.2 [
18 1518 @ @
19 2013 @
20 1106 @
21 1645 @
22 1585 @
23 120.8 [
24 819 @
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Fig. 5. Scatter plot diagram for yl and Y, using the
relative  sunspot numbers for V2.0 instead of V1.0
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Fig. 6. Scatter plot diagram for y1V2 and Y

Table 4. Adjusted  coefficient ~of  determination (R*2) when
multiple regression analysis is performed on the 17 cy-
cles used in figure 6, adding one of the other seven cycles.

Added cycle  R*?
- 0.9997
4 0.8369
5 0.9976
6 0.9673
13 0.9653
14 0.9564
17 0.8072
24 0.9275
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Table 6. A  table of cycles in  which the ylV2
300 and y2V2 formulas are established. Filled circles
show cycles in which the formulas are established.
250 R*2=0.9999
Cycle Y(V2.0) ylV2 y2V2
500 | 1 144.1 ()
Y 2 193.0 o
150 | 3 264.3 L L
4 235.3 o
100
5 82.0 o
50 | 6 81.2 o
7 119.2 o o
0 ' ' ' ' ' ' 8§ 2449 @
0 50 100 150 200 250 300
9 2199 o
y2V2
10 186.2 o
11 234.0 [
Fig. 7. Scatter plot diagram for y2V2 and Y
12 124.4 [
Table 5. Adjusted ~ coefficient of  determination(R*2)  when 13 146.6 o
multiple regression analysis is performed on the ten cy-
cles used in figure 7, adding one of the other 14 cycles. 14 107.1 o
15 175.7 o
Added cycle  R*?
16 130.2 o
- 0.9999
17 198.6 o
1 0.6909
18 218.7 o [
2 0.7851
19 285.0 o
8 0.9994
20 156.6 o
9 0.9385
21 232.9 o
10 0.9988
22 212.5 o
11 0.9945
23 180.3 o [
12 0.8876
24 116.4
15 0.5436
16 0.8450 .
19 0.6756
20 0.8623 ylV2 = 43.8 £ 2.8, (33)
21 0.9992 y2V2 = 96.6 + 3.3, (34)
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Fig. 8. Monthly mean  relative  sunspot number (V1.0)
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Appendix.

Table 7. Cycle period and time of maximum value (V1.0)

Cycle Period Time of maximum value
0 - 1755 02 1750 04
1 175502 - 1766 06 1761 06
2 1766 06 - 1775 06 1769 09
3 1775 06 - 1784 09 1778 05
4 1784 09 - 1798 04 1788 02
5 1798 04 - 1810 08 1805 02
6 1810 08 - 1823 05 1816 05
7 1823 05 - 1833 11 1829 11
8 1833 11 - 1843 07 1837 03
9 1843 07 - 1855 12 1848 02
10 185512 - 1867 03 1860 02
11 1867 03 - 1878 12 1870 08
12 1878 12 - 1890 03 1883 12
13 1890 03 - 1902 01 1894 01
14 1902 01 - 1913 07 1906 02
15 1913 07 - 1923 08 1917 08
16 1923 08 - 1933 09 1928 04
17 1933 09 - 1944 02 1937 04
18 1944 02 - 1954 04 1947 05
19 1954 04 - 1964 10 1958 03
20 1964 10 - 1976 03 1968 11
21 1976 03 - 1986 09 1979 12
22 1986 09 - 1996 05 1989 07
23 1996 05 - 2008 12 2000 04
24 2008 12 - 2019 12 2014 04
25 2019 12 -




Vol. 6,

Y. Sugitani

€¢ It ¥ 6 S € € ST LI €T 47 86 Sy 9¢ €3 8T ST 618 T
6 It L L S T T Lt TS 6 0¢ LE 37 9¢ 13 6C LT 80Tl €C
6 Ll Tl 8 S S € Il 7009 6 9T 8¢ o 143 6C T 11 S'8SI TC
0 91 o0 S 0T T T TCT 8Sob 0 91 9¢ Is 9% 9T T @ SYo1T 1T
6 06 9 9 8 ¥ L L STH 6 6¢ St 43 9T 81 14! L 901l 0C
6 91 S ¥I v S 8 0T LIY¥L 6 ST 0¢ IS LE €€ 8T 0T I (AN
v LT 0l Il 6 9 S 91 9105 4 1T 1€ Ly 9¢ LT 1T 91 8IST 8l
9 6 ¢ T S O € L 6I0E 9 ST LE LT T 0T 01 L TOIL LI
I 91 s ¢ L I T S 690¢ I LT (47 6T T 81 L S I'8L 91
9 6 € 9 8 LI 1 81 ¥6€I 9C 93 8¢ 0 4% 9¢ 61 81 601 SI
Lv € 1T 8 O ¥ S & glel LI oy 19 43 T 14! 01 S Y9 il
IC 0 9 ¢ 8 6 T S el¢l 1C 8% Ly LT T 91 L S 6'L8 €1
L£ 111 S LTS T L Iy LE IS 79 9¢ 1€ 4! 6 L 9L Tl
S I 0oL € € S ¥ Il 199 S 91 9T 9 €€ 0T <1 I corr 11
o LT %I ST 9 ¥ T 11 6T¢h o1 LT 8% 8t €T L1 €1 I 0'86 o1
€ € 6 Il € v S § 680§ € 9T s¢ 8¢ LT 14! 01 S 0zel 6
0 € S S S € ¥ T ¥ 0 €l 81 6T T 61 91 4 6'9v1 8
Ic 6 L ST €1 1 v Il €TSI IC 0¢ LE % 6C 91 S1 11 SIL L
91 € v S L € T ¥ 90¢ 91 6¢ 34 |4 91 6 9 4 L8 9
61 ¢ € ST L Ol L L ¥S6I 61 97 99 9% 1€ T 14! L Tov S
oL 6 8 T 8 S v L T 01 6T LE 9¢ T 91 11 L TIvl 4
9 ¢ LI L 9 9 ¥ L TL6S 9 I 8T oy €€ LT I L S'861 €
0 € oI ST T ¢ I S IS6r 0 €1 €T 9¢ 1T 6 9 S 8'GII (4
I 91 L 6 ¥ € ¥ T ¢€66h I L1 T 43 €1 6 9 z $'98 I
6 83X X % X X !X &Y X  (0Dzd (Lod (e (ShIie 691e  O1e k)1d (16)1d X 9AD

14 e[nuIo} 03 paje[a1 eje( g AqEL



id. 5

Solar Activity Decline

Table 9. Data related to formula y2

Cycle Y ®1(78) @1(49) P2(30) D2(19) @2(7) X9 X1 X2 Xiz Xuu Xis
1 86.5 8 30 18 14 0 13.51 8 22 4 14 0
2 115.8 8 35 18 4 0 20.63 8 27 14 4 0
3 158.5 26 37 23 9 2 29.15 26 11 14 7 2
4 141.2 15 34 32 19 7 16.72 15 19 13 12 7
5 49.2 22 39 53 35 16 6.64 22 17 18 19 16
6 48.7 8 19 40 36 14 1.19 8 11 4 22 14
7 71.5 16 34 32 27 8 4.36 16 18 5 19 8
8 146.9 18 28 14 11 0 13.43 18 10 3 11 0
9 132.0 12 37 27 18 0 2374 12 25 9 18 0
10 98.0 15 38 29 21 6 14.59 15 23 8 15 6
11 140.3 19 37 19 10 3 1894 19 18 9 7 3
12 74.6 13 34 52 46 14 6.95 13 21 6 32 14
13 87.9 9 26 42 39 1 7.55 9 17 3 38 1
14 64.2 12 29 54 33 14 4.53 12 17 21 19 14
15 105.4 35 47 36 30 21 4.10 35 12 6 9 21
16 78.1 11 28 34 18 10 7.64 11 17 16 8 10
17 119.2 19 27 28 22 2 12.11 19 8 6 20 2
18 151.8 26 44 22 15 1 20.14 26 18 7 14 1
19 201.3 31 41 27 19 6 17.85 31 10 8 13 6
20 110.6 16 30 41 27 6 23.56 16 14 14 21 6
21 164.5 25 50 29 11 0 1770 25 25 18 11 0
22 158.5 28 41 28 23 0 17.30 28 13 5 23 0
23 120.8 31 39 31 22 5 18.18 31 8 9 17 5
24 81.9 30 42 50 35 18 4.12 30 12 15 17 18
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Solar Activity Decline

Table 11. Data related to formula y2V2

Cycle Y(V2.0) ®1(91) ®1(56) ®2(26) @2(19) D2T) Xag Xzo X31 Xzo Xzz Xas
1 144.1 2 13 17 14 0 2823 2 11 3 14 0
2 193.0 5 31 13 4 0 3661 5 26 9 4 0
3 264.3 7 34 11 9 2 5533 7 271 2 71 2
4 235.3 7 25 28 19 7 3165 7 18 9 12 7
5 82.0 7 33 42 35 16 118 7 26 7 19 16
6 81.2 4 17 37 35 13 422 4 13 2 22 13
7 119.2 11 30 30 27 8 723 11 19 3 19 8
8 244.9 12 26 13 11 0 2815 12 14 2 11 0
9 219.9 5 34 25 18 0 4032 5 29 7 18 0
10 186.2 12 38 23 19 6 308 12 26 4 13 6
11 234.0 11 35 15 10 33794 11 24 5 7 3
12 124.4 7 32 50 46 4 1252 7 25 4 32 14
13 146.6 5 24 41 39 1 1215 5 19 2 38 1
14 107.1 5 26 40 33 4 858 5 21 7 19 14
15 175.7 18 44 35 30 21 599 18 26 5 9 21
16 130.2 5 27 27 18 100 2273 5 22 9 8 10
17 198.6 7 26 25 22 22019 7 19 3 20 2
18 2187 16 41 19 15 1 3330 16 25 4 14 1
19  285.0 19 38 25 19 6 2809 19 19 6 13 6

20 156.6 7 28 36 27 6 3857 7 21 9 21 6
21 232.9 22 47 16 11 0 3212 22 25 5 11 0
22 2125 9 37 26 23 8 1989 9 28 3 15 8
23 180.3 24 34 32 24 7 2356 24 10 8 17 7
24 116.4 8 20 43 35 17 854 8 12 8 18 17
25 5 18 37 29 20 658 5 13 8 9 20
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