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Paboma onupaemcs na yropuxcxuii pso cpeonemecsunvlx uucen Bonogha W (W = Wrest
U Wtool), komopuwui exnrouaem eoccmanosnenuulil psao Wrest (¢ 1749 2. no 1849 2.) u psio oo-
cmogepHulx O0anHvix Wtool (pezynspuvie uncmpymenmanvhvie Haodawooenus ¢ 1849 2. no
Hacmoswee epems). Mroeue ucciedosamenu ucnoav3yrom pso uucen Bonvga (unu onuparo-
wuecs Ha He20 NOKA3AHUs) C Y4emom 80CCMAHO8IeHHbIX 0annblx. Ho npu ob6veounenuu om-
PbIBOYHBIX OAHHBIX C PAZTUYHBIMU NILOMHOCIbIO HAOIIO0EHU, AMNIUMYOHbIM pa3peuienuem u
Macuimaoupoeanuem UCKa3amcs, ecmecmeeHHo, JIOKAIbHble XAPAKMEPUCTIUKU PecUCTIPUpP)-
emMo20 npoyecca u 83auUMOCEs3b 8PEMEHHbIX (hpazmenmos pasHo2o macuimaba. Beé smo npo-
ABUNOCH NpU hopmuposanuu soccmanogienno2o paoa Wrest [1, Fig.2], Ho na smo obpawa-
IOM MANIO 8HUMAHUSL, XOMSA GIUAHUE IMUX (PAKMOPOS8 He OYEHUBATOCH.

pyaue agmopwl, cuumasn smu 0aHHvle HEHAOEHCHLIMU, ONUPAIOMC MONbKO HA O0CHO-
sepHulll pso Wtool. Ilpu smom «nosucaromy nouamus (cmpykmypul) cihopmuposanHule ¢ 0no-
potil xoms Obl HA Yacmb 60CCMAHOBLEHHbIX Oanublx. Luxn [miaiicbepea [2] — apkuii npumep
momy, m. K. noHamue «yuxa Iaaticoepeay 603HUKIO U3 AHANU3A HEOONLULO20 00beMAd OAHHbIX,
UMEIOWUX PA3IUYHYI0 cmenelb 00CMO8EePHOCIU, U C KIH0YeBoll ponbto yukiog V=VII (munu-
mym Jlanemona) uz eoccmanosienno2o paoa. Ommeuennviti 8 pabome [3] pocm nepuooa
yukna Isiicbepea c ysenuuenuem 00au 00CMOBEPHLIX OAHHBIX XOPOULO IMO ULIOCIPUPYem.

B smoii pabome npedcmasnenvi eapuanmul 2pynnosou KOppeKkyuu CpeoHux 3HadeHull
yuknos I + IX. Tak kax npu conocmagienuu NPOMANCEHHbIX PPacMeHmMo8 J10KAIbHbIe HeBA3KU
OAHHBIX USPAIOM MEHbULYIO POTb, MO ONUPAACL HA UHMESPATIbHble OYEHKU dIMUX (ppacmenmos
(6e3 oemanuzayuu ux «CAONCHOUY UCMOPUU POPMUPOBAHUs) Mbl nonyuaem Oonee 836eUleH-
Hble uHmepeanbHvle oyenku. Ilapamempul unmepeanos (2pynn yuxios) 00CmoeepHo20 psoa
cyscam 0cHo8oll koppexkyuu. [IpusedenHvlil cyeHapuil ceéa3viéaenm Co21Aco8aHue napament-
P08 80CCMAHOBIEHHO20 PAO0A C KOppeKyueu MUuHuUMyma Jansmona, ymo OONHCHO OMPAa3umscs
6 xapakmepucmuxax yukia I naiicoepaa.
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1. Introduction
The paper considers the Zurich series of monthly averaged sunspot num-
bers W (W = Wrest U Wtool), which includes the restored Wrest series (from
1749 to 1849) and Wtool, a series of reliable Wolf numbers (regular instrumen-
tal observations from 1849 to the present). Many researchers use a series of Wolf
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numbers (or readings based on it) taking into account the recovered data. When
combining fragmentary data with different density of observations, amplitude
resolution and scaling, the local characteristics of the recorded process and the
consistency of time fragments of different scales (for example, the structure of
the cycles and their relationship) are distorted.

All this manifested itself during the formation of the restored Wrest series
[1, Fig.2], but little attention is paid to this, although the influence of these fac-
tors has not been evaluated.

Other authors, considering these data unreliable, rely only on the reliable
Wtool series. At the same time, concepts (structures) "hang" generated based on
at least part of the recovered data. The Gleisberg cycle [2] is a vivid example of
this, since the concept of the "Gleisberg cycle" arose from the analysis of a small
amount of data with varying degrees of reliability, and with the key role of cy-
cles 5+7 (Dalton minimum) from the reconstructed series. The growth of the
Gleisberg cycle period [3] with an increase in the proportion of reliable data il-
lustrates this well.

An earlier paper by the author [4] has provided a detailed analysis of the W
series (from 1749 to 2005); a 150-year harmonic specific for the certain part of
the series has been distinguished there. Comparison of spectral components and
the analysis of their smoothness has demonstrated essential differences in their
behaviour for Wrest and Wtool (discordant characteristics of the series). Statistic
characteristics of 1+9 and 10+23 cycle groups, which correspond to the re-
established and certain series, also differ. With that, the rate of distortion grows
while receding into the past, and characteristics of a time domain adjacent to
1849, which is the 8+9 cycles domain, are less distorted.

One may get some overview of the 8 and 9 cycles “quality” by estimating
the correlation relationship between the growth twig Tm and the cycle maximum
Wm for two variants of sample comparison: (1+9) & (10+23) ; (1+7) & (8+23).
For small samples and without the normal distribution of study values, the Shi-
rahate criterion is deemed to be more effective. In the first instance, with a con-
fidence figure of a = 0.95, the correlation between Tm and Wm for both cycle
groups is recognised as negative. In the second instance, for 1+7 cycles, this re-
lationship actually disappears, whereas for 8+23 cycles it remains but subsides.
Hence, 8 and 9 cycles improve the quality of the Wrest series and disimprove it
for Wtool one. Additionally, cycles 1, 5 and 7 have abnormally long growth
branches — more than half of the cycle. Moreover, the series’ interval estima-
tions have demonstrated the inconsistency of parameters of the Wrest series [5].

In this paper, the variants of the group correction of the average values of
cycles 1 + 9 are presented. Since local data inconsistencies play a smaller role
when comparing extended fragments, relying on integral estimates of these
fragments (without detailing their "complex" formation history), we obtain more
weighted interval estimates. The parameters of intervals (groups of cycles) of a
reliable series serve as the basis for correction.
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2. The series’ interval estimations via cycle groups

It is common-sensical to compare groups with the same number of cycles.
In this case, nine re-established cycles 1+9 (the GO group) can be compared with
six other groups: 10+18, 11+19, 1220, 13+21, 1422, 1523 (G1+G6), each of
nine cycles from the certain part of the series. The integrated duration of cycles
2Tc and area of those XSq in the group are matching each group; w=xSq/ZTc
shall be taken as the estimated mean value of W in the group. For the group of
re-established cycles GO, these parameters equal to 1209 (=XT,, months),
56713.65 (= XSqp), 46.91 (~wy). The classification of cycles with respect to their
duration (“long” cycles with Tc>133 months and “short” ones with Tc<133
months) allowed for parametrisation and approximation of characteristics of cer-
tain cycles groups [5]. While projecting the “rules” obtained for G1+G6 groups
onto the GO one, the discordance between the duration and the “energetics” of
the re-established series has been determined, and the necessity for the correc-
tion of the time structure of the Wrest series firstly (e.g., the relation between the
“long” (Ny) and “‘short” cycles) has been pointed out. Ny = 3 (XTc=1159.0
months, which is the mean value over the G1+-G6 groups) and N; = 2 corre-
spond to more realistic scenario. One shall rely upon the relation of
w = 2Sq/2Tc to the number of “long” cycles in the group Ny (Fig. 1), where the
relationship between XTc(N;p), £Sq(N;) and N; for groups of 9 certain cycles
each were taken from the paper [5]. This relationship shall be used for the cor-
rection of mean values of cycles of the GO group.

705~ W
65
B0
55 -
504 wo
45
40

1 2 3 4 5 B M 7
Fig. 1. The relation of the cycle mean value in the group
to the number of “long” cycles Ny in the group.

3. Correction of mean values of re-established cycles

As 1s obvious, the area with w > w, corresponds to Ny < 4 values. The man-
ifestation of the increased w value of the re-established cycles group shall be
evaluated in parameters of individual cycles. The area of the most of cycles of
the GO group 1s greater than (or about) the mean value of 6301.52, and it 1s
common-sensical to assign the increment of (£Sq — £Sq) to the Dalton Mini-
mum (which means to associate the increment with the Dalton Minimum correc-
tion). The tabulated mean values of cycles of the re-established series are pre-
sented in Fig. 2; for illustrative purposes, the average of mean values (~26.48) of
cycles 5+7 is shown with a solid line. By associating the increased “energetics”
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of all nine cycles with these three problematic cycles, one shall obtain the in-
crement of the (w-w0)x9/3 mean value for each of them. The resulting mean
levels for corrected mean values of cycles 5+7 are marked with dashed lines. The
level 59.15 corresponds to the Ny = 3 variant, which 1s the “weighed estimation of
the GO group length” (in fact, it invalidates the Dalton Minimum), and the for-
mation of the maximum at the 77.15 level is possible for the N| = 2 variant.
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Puc. 2. Average values of cycles 1+ 9; axis 0X — cycle number.

4. Conclusions

When comparing extended fragments, the local data residual plays a small-
er role and more balanced estimates are obtained. Classification of cycles by du-
ration allows us to describe the relationship between the parameters of reliable
cycles and to show the inconsistency of these parameters for the 1-9 cycle
group. The given scenario associates the matching of parameters of the re-
established series with the correction of the Dalton Minimum, which shall affect
the characteristics of the Gleissberg cycle.

In conclusion, we note that a number of authors express a critical attitude to
the restored series in the works of the Solar-Terrestrial Communications,
Weather and Climate Symposium (1978) [6]. An attempt to balance the tem-
poral characteristics of the W series cycles due to the “lost” cycle was undertak-
en in [7].

References
1. Hathaway David H. The Solar Cycle / https://arxiv.org/pdf/1502.07020.pdf, 2015.

2. Gleissberg W. A long-periodic Fluctuation of the Sun-spot Numbers // Observatory, 1939,
V.62, p. 158-159.

3. Shibaev, A. Connection between period of low-frequency component Wolf's numbers
(WNS) and length of Wolf's numbers series // Aerospace Research in Bulgaria, 2017, V.
29, p. 5-9.

4. Shibaev 1.G. Estimation of the reconstructed part of the Wolf series and the possibility of its
correction // Solar System Research, 2008, V. 42, Ne 1, p. 63-72.

5. Shibaev I. Old and new versions of wolf sunspot numbers: consistency of characteristics for
restored and instrumental parts of series / Proceedings of 15th International Scientific Con-
ference "Space, Ecology, Safety" SES’2019. Sofia, Bulgaria, 2019, p. 37 — 41.

6. Solar-Terrestrial Influences on Weather and Climate. Proceeding of a Symposium. The
Ohio State University, Columbus, Ohio, 24-28 August 1978. Dordrecht, Holland, 1979, P.
348.

7. Usoskin 1.G.,, K. Mursula, and G.A. Kovaltsov. The lost sunspot cycle: Reanalysis of sunspot
statistics // A&A, 2003, V. 403, Ne 2, p. 743-748.

316



