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On the 36-year cycle in solar activity
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A series of data on the flux of cosmogenic '°Be in an ice core recovered from Fuji Dome Station (East Antarctica)
covering the period 700—1876 was analyzed. Fourier analysis and wavelet analysis showed the presence of cyclicity
in this series with a period of about 36 years. Since flux of '°B contains information about variations in cosmic
radiation entering the Earth’s atmosphere, mainly associated with changes in solar activity, the identified periodicity
may be the result of the corresponding solar cycle. The possible climatic origin of the 36-year variation is also

discussed.
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Introduction

In addition to the known 11-year and 22-year solar cycles,
there are indications of variations in solar activity with a
period of 31—-36 years. For example, in the Ap index in
the period 1932—1982a variation with a period of 31.1
years [1] was found. Veretenenko et al. [2-3] identified a
predominant periodicity of about 36 years in the data on the
occurrence of strong and moderate magnetic storms with a
gradual onset in the period from 1878 to 2015. Raspopov
et al. [4] suggested that this solar variation may be the cause
of the well-known that this solar variation may be the cause
of the well-known Briickner climate cycle with a period
close to 35 years. But most of the evidence for the 35-
year solar periodicity comes from analyzing relatively short
experimental data. In the paper [5], a 31-year fluctuation
was reported in a number of data on the concentration
of nitrates (ions NO;') in the Guliya ice core on the
Qinghai-Xizang Plateau, covering 1032 years. However, the
concentration of ions in ice depends not only on the
manifestations of solar activity (mainly solar proton events),
but also on deposition processes and post-deposit effects,
which are seriously influenced by meteorological processes.
And inasmuch as the Briickner cycle has been identified
in many climate series, it is unclear whether the 31-year
variation in nitrate concentrations in Guliya is related to
solar activity or climate. In this study, the possibility of a
36-year variation in solar activity is investigated using '°Be
data obtained in Central East Antarctica. This solar activity
indicator has two advantages:

(a) East Central Antarctica is a region of high climatic
stability. Cyclones rarely, if ever, penetrate far inland in this
part of the continent [6,7]. Thus, the climatic contribution to
the temporal course of the 10Be concentration here should
be minimal.

(b) Beryllium, which is deposited at high latitudes, has
a significant local tropospheric component. According

to [8], at least 20% of the beryllium deposited at latitude
77 was formed at latitudes 60—90°. Inasmuch as the
35-year cycle has been detected in geomagnetic activity
and nitrate concentrations, it is the high-latitude part of the
globe that seems to be the most suitable for searching for
manifestations of this periodicity over long time intervals.
Indeed, this region is a zone where the threshold of
geomagnetic clipping is low, and the penetration of cosmic
particles into the atmosphere, which affect geomagnetic
activity and ion formation, is greatly facilitated.

1. Data

Solar paleoastrophysics provides the information about
variations in solar activity on long time scales. In this study,
we used a series of data on the flux !°Be, measured in
ice core from the Fuji Dome Station located in the inland
part of East Antarctica (77°19’S, 39°42'E, 3810 m above
sea level). This time series [9] is shown in Figure 1,a. Its
temporal resolution is 6—11 years.

2. Results and Discussion

The spectral properties of the reconstruction [9] were
studied using wavelet analysis and Fourier analysis. The
second-order polynomial trend was preliminarily subtracted.
The results of the analysis are presented in Fig. 1, b—d.

As can be seen from the figure, a significant temporal
variation with a period of 33—37 years occurs in the 1°Be
flow periodically. It was most vividly manifested in the
15th—18th centuries, though in other centuries as well. The
main question is whether the observed 33—37-year variation
is the result of a climate cycle. A concentration of 180
(a measure of surface air temperature) measured in the
same core [10] can help clarify this question. However, the
available data set for §'®0 at Dome Fuji station (Fig. 2)

1690



International Conference of PhysicA.SPb 23—27 October, 2023

1691

800 1000 1200 1400 1600 1800
;_‘ I S S R B R B —
= 45 A
NE 40 T A \“‘ 1 ‘
g 35F U AANWAN L]
mE h/ | | \/! IR A
= g 3.0 | ‘\y"\‘ | "‘“A‘y | | wv‘\ “1 "‘I“‘!j‘ “‘ |
S 2510 \[ ! ! V'
Sa0f !
514761 ' ' T -
< b 7
S
3
N
S
=
S
s}
-
D)
A

1000 1200 1400 1600 1800

800
S 10f Years c
S08f 362 70
3 0.6
S 041
go-z_.l.l.l.l.l.l.l.l.l.
10 20 30 40 50 60 70 80 90 100
Period of variation, years
80 196 d
:-?: 60 i
é 40
20
- .c.1.0.95
0.03 0.06 0.09

Frequency o, yr’1

Figure 1. a — the '°Be flux in the Dome Fuji [9] ice core; b —
the local Morlet wavelet spectrum of the 'Ve. The spectrum is
normalized to a confidence level of 0.95 calculated for red noise
with AR(1) = 0.9. The band corresponding to the periods 28—38
years is dotted; ¢ — the global wavelet spectrum of the Morlet
stream '"Be. The lines delineate an area with a confidence level
greater than 0.95; d — Fourier flux spectrum '°Be. The confidence
level is calculated for red noise with AR(1) = 0.9.

has a low temporal resolution of 22—42 years. Based
on these data, we can only conclude that the series °Be
and §'®0 do not correlate on multi-decade and longer time
scales (correlation coefficient between decades-interpolated
series R = 0.11). This is quite consistent with the general
idea that the local climate of central Antarctica has a
weak influence on beryllium concentration, but it is hardly
possible to draw an unequivocal conclusion about the non-
climatic nature of the 33—37-year periodicity.

Conclusions
Data analysis on the concentration of the cosmogeneous

nuclide '°Be in ice core recovered from the Fuji Dome
station (East Antarctica) showed the presence of variation
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Figure 2. Line / — concentration of O in the Dome Fuji ice
core [10]; line 2 — flow "Be in the Dome Fuji ice core [9].

with a period of about 36 years for at least several centuries.
This variation may reflect a corresponding change in the
flux of cosmic radiation entering the atmosphere. However,
the possibility that this periodicity is of a climatic nature
has not yet been ruled out. In this connection, it can
be noted that there is no clear 36-year variation in the
data on beryllium concentration in Greenland ice. Further
research is needed on new solar and climate reconstructions
in Central Antarctica and other high-resolution locations.
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