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Abstract

With the introduction from June 2015 of a new methodology for estimation of Wolf numbers
W (unu WSN — Wolf sunspot number), this series was corrected from January 1749 to May 2015, i.e.
a new version of the series WSN was proposed. The greatest transformation affected the cycles of a
statistically reliable part of the series (since, 1849), which was clearly reflected in their amplitude
correction and, accordingly, in the long-period component of the series, determining the epoch of
maximum/minimum solar activity.

The quasi-biennial oscillations available in the solar magnetic field and in the total flux of
its radiation also manifest themselves in a number of parameters of the Earth ionosphere and
evaluation of their transformation degree is of high significance. This article compares the
characteristics of the frequency interval of the quasi-biennial oscillations of both versions of a series.

Introduction

The influence of the Sun, through solar-terrestrial relations, on the climate
and a human determines the traditional interest in the solar activity indices. The
Zurich series of average monthly Wolf numbers (W) is the most representative one
and is widely used in various applications. Since June 2015 with the introduction of
a new methodology for estimation of Wolf numbers, this series was corrected from
January 1749 to May 2015 (http://sidc.oma.be), i.e. a new version of the Wolf
sunspot number (WSN) series was proposed. It is to be recalled that the series of
average monthly Wolf numbers includes a series of regular instrumental
observations from 1849 to the present day is a reliable series, and a series of
restored values from 1749 to 1849. The greatest transformation affected the cycles
of a statistically reliable part of the series (since 1849), which was clearly reflected
in their amplitude correction and, accordingly, in the long-period component of the
series, determining the epoch of maximum/minimum solar activity [1].

21


https://doi.org/10.3897/arb.v31.e02
http://sidc.oma.be/

The quasi-biennial oscillations available in the solar magnetic field and in
the total flux of its radiation [2] also manifest themselves in a number of
parameters of the Earth ionosphere and evaluation of their transformation degree is
of high significance. This paper compares the frequency interval of the quasi-
biennial oscillations of both versions of a series. Officially, “quasi-biennial
oscillations” enrich the spectra of the series and provide the cycles with an
individual look. Their parameters can also perform diagnostic functions, i.e., in the
representation of the “envelope curve-instantaneous frequency” signal («A(t) —
F(t)»), one can judge the nature of a process by the degree of smoothness of these
variables [3]. This is well illustrated by the example of WSN series in the transition
to the Wolfer system in 1894.

Initial data

An overview of both versions of a series of Wolf (W, — the new version,
W,iq — the old version) numbers and their relationship W,.,/W,q is presented in
Fig. 1. It is apparent that the reliable part of the series since 1849 has been
transformed to the most extent. This will affect the long-period component of the
W.ew series with which the manifestation of the epoch of maximum/minimum solar
activity is usually associated. Comparison of cycles in the old and new versions of
the Wolf number series and analysis of their long-period components are
conducted in the work [1]. Note that the periods of T, = 131 years and T,q= 149
years were obtained with the sinus approximation of the long-period components.
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Fig. 1. (a) — an overview of W, Wy (b) — relationship W,o,/Wou. Axis OX — date
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In paper [3], based on the spectrum nature, row W(=W,) is divided into
five spectral intervals with the following time periods in years: P1 [24 <T], P2 [6.8
< T <24],P3[426<T <6.8], P4 [1.66 <T < 4.26], and P5 [T<1.66]. Fig. 2
demonstrates an overview of the spectrum with assigned intervals. Recall the role
of P1 — P5 components of W series. The sum of the long-period component of P1
and P2 (vicinities of the fundamental harmonic f*, T* = 1/f* ~ 131 months) reflects
the main time and amplitude characteristics of the cycles. Row P3 adjusts the
branches of growth and decline. Component P4 transforms the smooth relief of
cycles by means of “quasi-biennial oscillations”, local maxima appear and the main
maximum can shift, i.e. cycles become more individual. The high-frequency
residue PS5 includes the annual and 155-d harmonics.

iﬂ-_f‘_ £+ AMPLITUDE SPECTRUM
10
-
-
-
P11 P2
=0 0.01 2 0,05 m04 f, 1mon

Fig. 2. Spectrum Wy, axis OX — inverse months

Each of the components P2-P4 can be described by the
A(t) x EXP[j x O(t)] - type template, and the Hilbert transformation [4] can be
used to specify the time dependencies A(t), O(t). This enables to describe the signal
with a slowly varying “envelope” and “instantaneous frequency” («A(t) — F(t)»).

“Quasi-biennial oscillations”

Let us demonstrate this approach by comparing the characteristics of the
quasi-biennial oscillations (P4 > 1.66 < T < 4.26) of the Greenwich series of areas
S and a series of Wolf numbers W(= W) within the time interval 1874 + 1976.
The temporal dynamics of the “instantaneous” frequencies of these series is
displayed at the top of Fig. 3, at the bottom — the dynamics of the envelopes and
the date — along the OX axis. One can see the close dynamics of all the parameters
of quasi-biennial oscillations of the series under consideration until 1975, and
further there are known problems in the registration of a series of areas. Note the
moment of transition to the Wolfer system in 1894 for the Wolf numbers (indicated
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by a rectangle). The continuity of the “instantaneous” frequency F[P4(W)] is
broken and the envelope amplitude of the Wolf numbers A[P4(W)] is transformed,
the smoothness of these parameters (F[P4(S)], A[P4(S)]) in a number of areas is
maintained. In a number of cases, a change in the ratio of the amplitudes of the
envelopes can be noted, but the nature of the temporal dynamics, as a rule,
coincides.
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Fig. 3. Review of the parameters of quasi-biennial oscillations:
(a) — the “instantaneous” frequencies of W (F[P4(W)]) and S (F[P4(S)]);
(b) — the envelope amplitude of W (A[P4(W)]) and S (A[P4(S)])
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Fig. 4. (a) — relationship A[P4(W,e,)]/A[P4(W,1d)]; (b) — relationship
A[PI(W,o)]/A[P1(W,)]. Axis OX — date.
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Let us apply this approach when comparing the quasi-biennial oscillations
of the new and old versions of the series of Wolf numbers. Fig. 4a represents the
amplitude ratio of the envelopes of “quasi-biennial oscillations” W, and Wy,
which is compared (Fig. 4b) with the ratio of the long-period components of these
series [1]. In accordance with the W,../Wq4 values ratio (Fig. 1), there are four
areas with different conversion factors:

I — a series of restored values from 1749 to 1849;

II — from the beginning of a reliable series, part of cycle 9, and before the
beginning of cycle 11;

I — interval with cycles 11 +~ 17,

IV — the interval from cycle 18 and to the end is characterized by the most complex
transformation.

When comparing the “quasi-biennial oscillations” W, and Wy, it can be
seen that there is the most stable connection between them only on the interval I1I.
On the II interval we have a growing trend in contrast to the proportionality of
Wiew and Wy, The remaining intervals are characterized by a variety of all
situations. We also note that the new version retains the “effect” associated with
the transition to the Wolfer system.

Conclusion

The nature of transformation of the quasi-biennial oscillations and the
long-period component of the series of Wolf numbers (1749 + 2015) is quite
different. Actually, old artefacts were added with new ones in the transformed
series. A real assessment of the proposed method to count Wolf numbers can be
obtained by comparing both versions of a series and a number of areas starting
from June 2015.
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TPAHCOOPMALUSA XAPAKTEPUCTUK KBA3HUIBYXJVIETHUX
BAPUAIIAM B HOBOW BEPCHUHU PSAJA YACEJI BOJIb®A

U. Illuoaes

Pesrome

C BBenenueM ¢ utoHs 2015 r. HOBOM MeTOAMKH olleHKH uncen Bonbha W
(mmr WSN — Wolf Sunspot Number) npoBezeHa KOppeKLus 3TOT0 psiAa ¢ SHBaps
1749 r. mo maii 2015 t., T.e. mpenoxena HoBas Bepcus psana WSN. Haubomnpmas
TpaHchopmanmsi KOCHYJIACh ITUKIIOB TOCTOBEPHON JacT psga ¢ 1849 r., 94ro siBHO
OTpa3miIOCh B UX aMIUIUTYTHOW KOPPEKIIUHU U, COOTBETCTBEHHO, JJIMHHOTIEPHOAHOMN
KOMIIOHEHTE psfa, OINpPEIENSIOmEel d5M0XH MaKCUMyMa/MUHMMYyMa COJIHEYHOMN
AKTUBHOCTH.

KBasuaByxseTHre Bapualuy, NPUCYTCTBYIOIIME B MAarHUTHOM IIOJie
ConHIla ¥ B IIOJTHOM MOTOKE €ro M3JIy4eHHUs, TAKKe MPOSBIAIOTCA B psje Hapa-
METpoB HMOHOC(hEpbl 3eMIM U Ba)KHO OLICHUTH CTEIEHb MX TpaHchopMaluu NpH
TakoM miepexozne. JlaHHas paboTa COMOCTaBISET XapaKTEPUCTHKH YaCTOTHOTO
WHTEpBaJia KBa3UIBYXJICTHUX BapHalluii 00enx BepcHid psaja.

26



