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Abstract

From an analysis of the rise and fall off time of solar ¢
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ycles 4 to 22, a recurrence tendency of 7 cycles is ob-
of 9 cycles in the fall off time. The envelope of these times presents a

decreasing amplitude of oscillation. According to this behavior, the rise and fall length of future solar cycles
until cycle 25 can be inferred qualitatively. These values are compared with those obtained with a multiple

regression method showing a good agreement.
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1. Introduction

Dates and values of future maximum and
minimum sunspot number are important for
studies and predictions in the ionosphere, satel-
lites’ time life determination (air density varies
with solar activity), and several aspects of the
Sun-Earth relationship. The sunspot number,
Rz, presents periodicities of 11 years, 22 years
or magnetic Hale cycle, and 70-90 years or
Gleissberg period. International Sun Services
use, among others, Waldmeier (1961) and re-
gression methods to predict monthly mean Ry
These methods can only predict 12 to 18
months in advance.

The Solar Cycle Length (SCL), is a parame-
ter of long-term variation which has a periodic-
ity of around 90 years. This is the Gleissberg
period also observed in the magnitude of the
‘aximum sunspot number. SCL varies with
solar activity in such a way that high activity
implies short solar cycles whereas long solar
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cycles correspond to low activity levels. Dan-
ish researchers (Friis-Christensen and Lassen,
1991) have found that long-term variations
of solar activity represented by SCL correlate
with global temperature indicating that SCL
may be associated with a variation in the solar
energy output. In this sense, SCL would be-
come an important parameter in long-term cli-
mate forecasts.

SCL can be split into a rise time, T, from
sunspot minimum to sunspot maximum and a
fall off time, T, from the maximum to the next
minimum. In this work periodicities and ampli-
tude of the rise and fall off time of solar cycles
are analyzed, and a forecast of their behavior
until cycle 25 is presented.

2. Data

Tk and T values were taken from Xanthakis
(1967) for cycles 4 to 19 and from McNamara
(1991) for cycles 20 to 22 (table I). Data cov-
ering cycles previous to cycle 4 are not suf-
ficiently accurate and much care is needed in
taking into acount the corresponding values of
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Table I. Year of first minimum and year of maximum of each solar cycle and the corresponding rise and fall
off time values — Ty and Tr — in years. Values have been taken from Xanthakis (1967) and McNamara

(1991).

Cycle nﬁz?rrm?fn mii?in?lfn Ty (years) Tk (years)
4 1784 1787 34 10.2
5 1798 1804 6.9 5.5
6 1810 1817 5.8 7.1
7 1823 1830 6.6 4.0
8 1833 1936 33 6.3
9 1843 1847 4.6 7.8

10 1856 1860 4.1 7.1
11 1867 1870 34 8.3
12 1878 1883 5.0 6.2
13 1889 1893 4.5 8.0
14 1901 1907 53 7.5
15 1913 1917 4.0 6.0
16 1923 1928 4.8 54
17 1933 1937 3.6 6.8
18 1944 1947 33 6.9
19 1954 1957 3.6 6.6
20 1964 1968 4.1 7.6
21 1976 1979 35 6.8
22 1986 1989 3.0

Tr and Ty. Therefore these cycles are disre-
garded in this work.

Figure 1 plots Ty values for cycles 4 to 22
in terms of the cycle number. Ty of cycles 4 to
11 (solid line), have a sequence of upward and
downward trends similar to those of cycles 11
to 18 (dotted line). A recurrence tendency of
seven cycles, already suggested by King-Hele
(1963), is observed. Cycles 18 to 22 (dashed
line), except -cycle 20, show the same pattern.

If the recurrence tendency of 7 cycles is
maintained, the same 7-cycle behavior should
be expected for cycles 18 to 25 as that of cy-
cles 4 to 11 and 11 to 18.

Figure 2 shows T variation for cycles 4 to
22. The envelope has a periodicity of 7 cycles
and its amplitude decreases after each period.
Ty values which correspond to the minimum of
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the envelope, fluctuate slightly around 3.4
years.

Based on the hypothesis of a seven cycle re-
currence tendency and taking into account the
decreasing trend observed in Ty values (fig. 2),
the rise time behavior could be inferred until
cycle 25. Further cycles are not subject to pre-
diction since the envelope amplitude trend
could decrease still more or increase.

This argument leads to a qualitative estima-
tion of Ty values of 4.0, 3.5 and 3.0 for cycles
23, 24 and 25 respectively (triangles in figs. 1
and 2).

Figure 3 shows Ty in terms of the cycle
number. Ty for cycles 7 to 16 (solid line) pre-
sents the same sequence of slope signs as Tr
for cycles 16 to 21 (dashed line), pointing out a
recurrence tendency of 9 cycles in T%.
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Fig. 2. Ty from cycle 4 to cycle 22 (solid line) and
its envelope (dotted line). The triangles are the pre-
dicted values.
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Figure 4 shows Ty for cycles 4 to 21, en-
veloped by a curve of decreasing amplitude
and a 9 cycle period. Unlike T, T} values cor-
responding to the minimum of the envelope do
not seem to keep a constant value.

As in the case of Ty, T values for cycles. 22
to 25 could be qualitatively estimated assuming a
persisting 9 cycle recurrence tendency and an
amplitude decreasing trend of the envelope.

Since T of cycle 22 must be smaller than
Tr of cycle 13 (decreasing amplitude of the en-
velope curve), and greater than that corre-
sponding to cycle 21 (to keep the slope), Ty is
estimated to be about 7.2 years. T, values for
cycles 23, 24 and 25 (dashed line) are calcu-
lated in the same way. In figs. 3 and 4, trian-
gles represent the predicted 7} values.
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Fig. 3. Ty values in terms of the cycle number separated into: cycles 7 to 16 (solid line), and cycles 16 to 25
(dashed line). The triangles are the predicted values.

" 3. Multiple linear regression method
105
Y To obtain a quantitative estimation of future
51 Tk and Ty values, a multiple linear regression
} method was applied to both data series. T and
Tr values are considered as time series y;, y,,
..., Yn» Where N is the number of data. N=19
(cycles 4 to 22) in the case of Tz and N=18
(cycles 4 to 21) in the case of Tp.

A multiple linear regression of the general
form
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Fig. 4. Ty from cycle 4 to cycle 22 (solid line) and
its envelope (dotted line). The triangles are the pre- where oy, ..., o, and 3 are constants, and x;’s
dicted values. are the independent variables, was fitted to Tx
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and T data series. The independent variables
x; were chosen as lagged values of y, and so
eq. (3.1) can be rewritten as follows:

V= 0yt 0y, + B (3.2)

To choose the lagged values to be consid-
ered in eq. (3.2), an autocorrelation analysis of
each series was made. From this analysis the
main periodicities resulted: 3, 7 and 12 cycles
for Tg; and 3, 9 and 12 cycles for Tr. The cor-
responding lagged y; values explain around
90% of the variability of the series in each
case. So, the independent variables in the mul-
tiple regression to be considered in eq. (3.2)
are: y;_3, Yi-7, Y- 12 for Ty, and y,_3, y; 9, y,_1»
for Tk.

The regression coefficients were calculated
by the least squares method.

To evaluate the method’s performance, the
regression coefficients were calculated with all
the series data except the last three. As can be
seen from the third column of tables II and III,
there is a good agreement between the pre-
dicted values for the last three cycles and the
corresponding measured values of T and 7%
(second column of tables II and III).

Considering now the complete series, the
regressions obtained are

y: = 0. 72}’:—3 +0. 20y,_7 -0. 42yt—12 +2.00
for Ty 3.3)

i = 0. 35}’:—3 +0. 52)’:—9—0- O6yt—12 +1.25
for T . (3.4

Figures 1 and 3 plott the predicted rise and fall
off times obtained qualitatively (triangles),

Table II. First column: solar cycle number; second column: measured rise time, Tp; third column: predicted
Ty from the regression equation without considering the last three cycles; forth column: T estimated from

eq. (3.3). Shadowed values are the calculated ones.

Ty estimated without

Ty estimated

Cycle Tx measured the last three cycles with eq. (3.3)
20 4.1 43106 4.1+£0.5
21 3.5 3510.6 34+05
22 3.0 3.81+0.6 36+£05
23 45105
24 3.0+0.5
25 2.8+0.5

Table III. First column: solar cycle number; second column: measured fall off time, Tp; third column: pre-
dicted Ty from the regression equation without considering the last three cycles; fourth column: T} estimated
from eq. (3.4). Shadowed values are the calculated ones.

Tr estimated without

T estimated

Cycle Tr measured the last three cycles with eq. (3.4)
19 6.6 6.5+0.6 6.6+04
20 7.6 7.6£0.6 7.61+04
21 6.8 65106 64104
22 73104
23 73104
24 64104
25 6.1+04
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which agree fairly well with the corresponding
values estimated from regression egs. (3.2) and
(3.3) (fourth column of tables II and III).

4. Conclusions

A recurrence tendency of 7 solar cycles in
the rise time and of 9 cycles in the fall off time
are pointed out. These patterns together with
the envelope shape of each series, allow the
values of T and Ty to be forecast until cycle
25. Both time values will decrease in average,
thus predicting a decrease in SCL at least until
solar cycle 25.
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