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Abstract

The concept of “Gleisberg cycle” arose from the analysis of a small amount of data for a
series of Wolf numbers (WSN), which are characterized by varying degrees of reliability and with
the key role of cycles 5-7 of the Dalton minimum. Back in the thirties of the last century, when
analyzing the first 16 cycles was done, Gleisberg noted the frequency of their maximums in seven to
eight cycles, and later gave an updated value of the period — about 80 years. In the works done over
the past 60 years, this period is evaluated within 80—110 years. A number of researchers allocate a
specific value for the Gleisberg cycle period equals to 88 years. Since different authors analyzed a
series of Wolf numbers of different lengths, it makes sense to investigate the influence of the length of
the series itself on this period.

The paper analyzes the long-period components of WSN versions vl and v2. The connection
between the period and the length of the series is found through the sine approximation of
the corresponding fragments. An increase in the sine period from 82 to 110 years (for vl) was
obtained with an increase in the length of the series from 18 to 24 cycles and the conditions for the
local manifestation of the 88-year harmonic. The initial periodicity of the maximums of seven to eight
cycles is transformed into ten to eleven cycles.

The WSN series includes recovered data from 1749 to 1849 and further on, regular
observation data — reliable data. The dependence of the period on the length of the series, that is, on
the share of reliable data, is associated with the inconsistency of the characteristics of
the reconstructed and reliable series and casts doubt on the existence of the Gleisberg cycle or
“secular” harmonic in the WSN readings in the 1749-2015 interval. Changes in the land cover by
temporal analysis.

Introduction

The persistent interest in long-period solar activity (SA) cycles, including
the Gleisberg cycle (which is often associated with the “secular” cycle), is
associated with the manifestation of SA minimum / maximum epochs in everyday
life. Back in 1939, Gleisberg, relying on the Zurich series (1750-1928) and
smoothing the maximums of the cycles by four values, identified two maximums



and two minimums among them, which indicated the long-period component of
the series (the Gleisberg cycle) with a frequency of their maximums/minimums of
seven to eight cycles [1]. In later works [2, 3] a refined value of the period of about
80 years is given. Such an estimate can be easily obtained by approximating the
amplitudes of these sixteen cycles with a sine, the parameters of which are found
by the least squares method (OLS). The result, with the best value for the period of
82 years, is presented in Fig. 1, the dots mark the amplitudes themselves, along the
horizontal axis of their date. Such an approximation satisfactorily describes no
more than 18 cycles and its character is largely determined by cycles 5-7 of
the Dalton minimum (MD).
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Fig. 1. Sine approximation of the amplitudes of cycles 1-16

In the works of various authors on the analysis of the WSN series itself,
made over the past 60 years, the period of the Gleisberg cycle is estimated within
80—110 years. Researchers often identify a specific value for the period which is
equal to 88 years [4-5]. Since different authors analyzed a series of different
lengths, it makes sense to investigate the dependence of the period of the
approximating sine on the length of the series itself, and besides this:

e To indicate the reasons for the growth (instability) of the period of
the approximating sine.

e Point out the possible asymptotics of this growth.

e To specify more clearly such concepts as “period of the low-frequency
component” and “epochs of minimum/maximum SA”.

Along with the classical version of the WSN series, its new version is also
considered in the work. Since July 2015, the Belgian Center for the Study of the
Sun (http://sidc.oma.be) has introduced new rules for calculating the monthly Wolf
numbers, according to which the WSN series was recalculated from 1749 to June
2015. The ratio of the cycle maxima in the new v2 and old v1 versions of the WSN
series is demonstrated by Fig. 2 [6]. Correction of a significant part of the old
version of the series is formal, but the amplitude correction of cycles 10 and
1824 will affect the “secular” component of the new version. In this work,



the presentation of the material and results are given for the old version of
the series vl, the results associated with the new version v2 are marked or
commented on.
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Fig. 2. The ratio of the maxima of the cycles

Initial data

Most of the results on the analysis of WSN were obtained before 2015, i.e.,
for version vl1, and it is natural to rely on these developments. According to works
[7-8], the long-period part of the v1 series, which includes components with a
period of more than 24 years, is closely related to the envelope of the cycle maxima
and serves as a geometrical place for the mean values of the cycles. This
determines the choice of the source material, since Gleisberg analyzed the envelope
of the cycle maxima. In this paper, we analyze the long-period components of the

series of versions vl and v2 (smoothed series of monthly Wolf numbers since
1749).
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Fig. 3. Spectrums of WSN (a); long-period components (b)



The spectra of these series are presented in Fig. 3a, where the Ox axis is in
reverse months, and the low-frequency part of the spectrum is labeled. The long-
period components corresponding to the marked frequency range are displayed in
Fig. 3b. The dots mark the mean values of the cycles which, for the v2 series [6],
are well superimposed on the long-period components — the time axis Ox in years.

Sine-approximation of fragments of long-period components

Let us compare the approximations of two distinctive lengths of the low-
frequency component of the old version of the series: a shortened fragment of
eighteen cycles (1749-1954.37) and a long fragment up to the maximum of cycle
24 (1749-2014.376). The result of their approximation for sin((2n/7) + @) is
presented in Fig. 4. The period and phase of the sine were found by the least
squares method, that is, by the minimum value of the sum squares of deviation
(vertical axis) when scanning the corresponding rows with sine. The period was
tested within 50-200 years (horizontal axis), phase 0...2n. The series under study
were preliminarily reduced to a commensurate scale — after subtracting the mean
they were normalized to the square root of the variance. For the first row the
smallest deviation is observed at a period of 84 years, for the second — at
110 years, the values of the phases at which the minima were reached are not
indicated.
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Fig. 4. Result of approximation of two options of long-period components by a sine

We use this approach to estimate the period of sine approximation of series
of different lengths. The dependence of the period of the approximating sine
(vertical axis in years) on the length of the series in cycles (the beginning of
the cycle and its maximum) is shown in Fig. 5. The period grows with increasing
row length and the 88-year harmonic appears in the old version of the series. The
initial periodicity of the peaks of seven to eight cycles was transformed into ten to
eleven cycles.



Results and Discussions

There are two important points to note:

o The above-mentioned estimate of the period of the Gleisberg cycle of
80—-110 years (the results obtained by different authors at different times)
coincided well with the ordered growth of the period from 82 to 110 years
obtained in the work.

e The conditions for the local manifestation of the 88-year harmonic are
clearly traced.
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Fig. 5. Dependence of an approximating sine period on length of WSN; v2 — (+)

It is clear that the instability (growth) of the estimate of the period of the
“secular” harmonic complicates the interpretation and extrapolating it to the
external time interval and identifying the SA minimum/maximum epochs. This
behavior can be associated with an increase in the proportion of reliable data
(cycles) in the analysis. Recall that the original series of monthly average Wolf
numbers consists of the reconstructed series Wrest (from 1749 to 1849) and a
reliable series of Wewa (regular instrumental observations from 1849 to the present),
i.e. W = Wrest [1 Weo. Combining fragmentary data [9] with different density of
observations, amplitude resolution and scaling will break the consistency of
temporal fragments of different scales (for example, the structure of cycles and
their relationship). All this manifested itself during the formation of the restored
series. In the above mentioned works [7, 8] significant differences in the behavior
of the series Wrest and Wwa are shown, the properties of the region of cycles 5-7
were significantly “distinguished”. With a series length of 18—19 cycles, a certain
balance of properties of the restored and reliable parts is still preserved, and the
Dalton minimum determines the formation and local manifestation of the 88-year
to 90-year harmonic. A further increase in the proportion of reliable data shifts this
balance in favor of the W series with a smoother and more ordered long-period



component (Fig. 3b), which leads to an increase in the period. When analyzing
only the Wewa series, the period of the approximating sine is 150 years [10], this
corresponds to the periodicity of the maxima of fourteen cycles, and we have, as it
were, the saturation of the period with the leveling of the role of the Wrest series,
which corresponds to the concept under consideration. We simply state the same
period for the new version Wwa equal to 131 years [6], taking into account the
formal nature of the transformation of a significant group of cycles. Strictly
speaking, the inconsistency of the parameters of the reliable and reconstructed
series casts doubt on the existence of the Gleisberg cycle or “secular” harmonic in
the WSN readings in the interval 1749-2015.

A different situation arises if one relies on the “good” data of the Wteol
series to reconstruct the “bad” data of the Wrest series. Then we get “consistent”
(probably without the Dalton minimum) behavior of the long-period part over
the entire interval of 1749-2015 and an “adjusted” estimate of the average values
of the cycles of the reconstructed series. This scenario concretizes concepts such as
the “period of the low-frequency component” and “epochs of minimum/maximum
SA”. An example of such an extrapolation, with a period of the approximating sine
of the Wewa series of 150 and 131 years, is demonstrated in Fig. 6.
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Fig. 6. Review of series vi, v2 and extrapolation of their sine approximations

Conclusion

As noted above, the concept of “Gleisberg cycle” arose from the analysis
of small amount of data for a series of Wolf numbers of different reliability and
with the key role of cycles 5—7. This fragment, with a low SA, coincided with a
period of lower than average global temperatures. This justifies the presence of the
Dalton minimum although such a connection is not obvious. Volcanic activity and
elevated CO: levels may have a greater impact on climate than SA change [11].
Weather anomalies (“year without summer”) in Europe and America in 1816,
caused by the eruption a year earlier of the Tambora volcano on the Indonesian
peninsula Sumbawa, are the confirmation of this [12]. The temperature and SA in
the recent past correlate in a different way: the temperature of the Earth has
noticeably increased against the background of a rapid decrease in average activity
and, since about 1970, the influence of the Sun on the climate could not be
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significant [13]. With such a variety of situations, the plot presented in Fig. 6 is
quite real. It should be expected that the agreement of the parameters of the reliable
and reconstructed series will correct, first of all, the Dalton minimum, towards an
increase in its values, and will change (cancel) the concept of the “Gleisberg
cycle”. It is reasonable not to speak about the “Gleisberg cycle” tied to the MD, but
about the long-period component corresponding to the Wrwa series and the
corrected Wrest series. Note that a critical attitude to the restored series is expressed
by many authors in the works of the 1978 symposium — [14]. An attempt to
balance the timing characteristics of the cycles of the same series at the expense of
the “lost” cycle was undertaken in the work [15]. When analyzing the fractal
properties of the series of the annual ring widths of eleven sequoias [16],
the Dalton minimum did not appear.

Finally, we note that the closeness of the amplitude characteristics of
cycles 8 and 9 to the parameters of reliable cycles allows us to speak about the
consistency of the 150-year harmonic (generated by cycles 10-24) and the WSN
readings since 1835.

The authors would like to sincerely thank V. N. Ishkov for the attention
and support of the theme.
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3ABUCHUMOCTbD ITEPUO/IA IIUKJIA TJIAMCBEPT A
OT JJIMHBI PAJA YACEJI BOJIb®A

He. Illuoaes, An. Illluobaes

Pe3rome

IMonsitue «umkn [nsiicOepray BO3HUKIO M3 aHanmu3a HeOOJIBIIOrO 00beMa
JJAaHHBIX C PA3JIMYHOM CTENEHBIO NOCTOBEPHOCTU U C KIIIOUEBOM POJIbIO MUHHUMYyMa
Hanprona. Criaxupass MakcuMyMbl 1ukiI0B Lltopuxckoro pana (1750-1928 rr.) mo
YeTblpeM 3HaueHHAM [ngiicOepr BBIAENWI Cpedd HHUX JBAa MakKCMMyMa H JiBa
MUHMMYMa, KOTOpbI€ M YyKa3blBajJd Ha JJMHHOIEPUOIHYIO COCTaBJAIOILYIO psala ¢
MEPUOIMIHOCTHI0 MAKCUMYMOB/MUHHMYMOB B CEMb—BOCEMB ITHKJIOB.

B pabore aHanmu3upyloTcs UIMHHOIEPHOAHBIE KOMIIOHEHTHI psaga WSN
Bepcuii vl wm v2. Cpsa3p mepuoja W JAIWHBL psAga HAXOAWTCS Yepe3 CHHYC-
aNMPOKCUMAIIMIO COOTBETCTBYIOMMX (parMeHToB. [ms vl momyden poct mepuoma
cunyca ¢ 82 go 110 ner mpu yBenuueHUW IUIMHBI psaa ot 18 mo 24 uukios, T. e.
MEPUOINIHOCTh MAKCUMYMOB TpaHCHOPMHUpPYETCS B JIECATh—OAWHHANIATH ITUKJIOB.
HeycroriumBas (pacTymiasi) orneHKa NepuoAa «BEKOBOI» TapMOHHKH 3aTPYIHSET €&
WHTEPIPETALHIO U DKCTPANIOJISIMIO Ha BHEIIHUI BpEMEHHOI HHTEpBalL

Pan WSN BximrouaeT BoccTaHOBIIEHHBIE HaHHBIE ¢ 1749 mol849 r. u nmanee
JAHHBIE PETYJLIPHBIX HAOIIOACHHH — JOCTOBEPHBIE JaHHBIE. 3aBUCHMOCTH IEPHOAA OT
JUIMHBI psAa, T. €. OT JOJH JOCTOBEPHBIX JaHHBIX, CBSI3aHA C HECOIJIACOBAHHOCTBHIO
XapaKTEePUCTUK BOCCTAHOBJICHHOTO M JIOCTOBEPHOTO PSJ/IOB M CTAaBUT TOJ] COMHEHHE
CyIIIECTBOBaHUE «IUKIa [siicOepra» WM «BEKOBOW» TapMOHHKH B TIOKa3aHUIX WSN
Ha uHTepBane 1749-2015 rr.
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