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Abstract:: The paper considers the Zurich series of monthly averaged sunspot numbers W (W = Wrest
U Witool), which includes the restored Wrest series (from 1749 to 1849) and Wtool, a series of reliable Wolf
numbers (regular instrumental observations from 1849 to the present). When comparing extended fragments, the
local data residual plays a smaller role and more balanced estimates are obtained. Classification of cycles by
duration 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. A more realistic scenario for the Wrest series
corresponds to a simultaneous reduction in the length of the series by 4-5 years and an increase in the “average”
W by 1.25 times.
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Pe3tome: EcmecmeeHHO xenaHue eko4ambs cmosiemHuli UHmepsa 80CCmaHo8/1eHHoU Yacmu psida
yucen Bonbga Wrest (1749-1849 22.) e uccnedosaHusi HapasHe C UHCMpymMeHmarsrbHol (docmosepHoU)
yacmbto psida Wtool (c 1849 e. no Hacmosiwee epems)). Ho npu ob6beduHeHUU OmpbI8OYHbIX OaHHbIX C
pasnuYHbIMU MIOMHOCMbIO HabmodeHul, aMnaumyOHbIM paspeweHueM U MacwmabupogaHuem uckassimcs, 8
nepsyto o4yepeldb, JIOKaNbHbIe XapakmepucmuKku peaucmpupyemoz0 fpouyecca U 83aumMocesidb (2r1adKkocme)
8PEMEHHbIX ¢hpazMeHmMo8 pasHo20 Macuimaba. [10amomy 8axXHO OUeHUMb CmerneHb coanacoeaHHocmu psidos
Wrest u Wtool, a makxe Hernpomugope4yusocms napamempos8 camo20 80CCMaHO08/1eHHO20 psida. B pabome
ucrionb3ogaHa Kraccughukayusi Uukioe o OnumesibHoCmu, 4mo  [0380MUSI0  napamempu3osamb U
annpoKcuMuposams HEKOMOpbIEe Xapakmepucmuku yukios docmosepHo20 psida. NonydeHHble 3asucumocmu
pacwupunu 803MoXHoCcmu aHanusa psida Wrest.

Introduction

The paper considers the Zurich series of monthly averaged sunspot numbers W (W = Wrest U
Wtool), which includes the restored Wrest series (from 1749 to 1849) and Wtool , a series of reliable
Wolf numbers (regular instrumental observations from 1849 to the present). Naturally, there is a desire
to include the centennial interval of the restored part of the series of Wolf numbers Wrest in studies
along with the instrumental part of the series Wtool. The data reliability for the Wrest series and
possible use of them in research is still a challenge. When combining fragmentary data [1] with
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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. Therefore, it is reasonable to research the
parameters of extended fragments without detailing their “complex” history of development. One
approach that evaluates the consistency of the Wrest and Witool series is to compare the
characteristics of the selected intervals [2]. For instance, the correspondence of statistical estimates of
cycle basic parameters (cycle duration Tc and its growth branches Tm, cycle maximum Wm, cycle
area Sq) for two groups of cycles: a group of restored cycles 1-9 and a group of reliable cycles 10-23.
The Table shows the average, the root of the variance and their ratio calculated for these groups. The
upper readings correspond to the old version; the lower readings correspond to the new one. The
cycle parameters in the new version of a Wolf number series are taken from paper [3]. It can be seen
that the characteristics of the second group, in italics, are better, and much better for Tc, Tm.
Additionally, cycles 1, 5 and 7 have abnormally long growth branches — more than half of the cycle.

Table. Statistical Estimates of Wrest and Wiool series cycles

mean o' o2/ mean
I+ IX/ X+ XXII I+ IX /X = XXII 1+ IX/ X+ XXII

Tc| 134.33 / 131.14 18.95 / 10.02 0.141 / 0.078
134.33 / 131.14 18.88 / 9.48 0.141 / 0.072

Tm 56.56 / 46.43 17.51 / 6.39 0.310 / 0.138
56.67 |/ 47.93 17.67 | 7.25 0.312 / 0.151

Wm 105.59 / 119.66 40.16 / 38.02 0.380 / 0.318
175.98 / 184.92 66.95 / 47.75 0.380 / 0.258

Sq | 6301.52 / 7329.54 |2238.57 / 2115.12 | 0.355 / 0.288
10609.16 /11341.85 |3833.60 / 2532.89 | 0.361 / 0.223

For more correctness, let us compare the groups with the same number of cycles, then the
group of restored cycles can be assigned six groups of nine cycles from the reliable part of the Wtool
series: 10-18, 11-19, 12-20, 13-21, 14-22, 15-23. Let us denote these groups of reliable cycles,
respectively, as G1, G2, G3, ..., G6, and the group of restored cycles as G0. An example of the (o2 /
mean) ratio for the Tc and Sq parameters for all groups is shown in Fig. 1, where the readings of the
new version are marked with “+”. And in this case, the time parameters of the reliable groups with
close values differ from the corresponding estimates for the cycles 1-9. We also note that the
estimates of the G1-G6 and GO group area in the new version are less consistent than in the old one.
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Fig. 1. Relative characteristics of Tc (a) and Sq (b) for cycle groups;
“+” readings of the new Wolf number version
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This work is aimed at analysing groups and comparison of their properties for the Wrest and
Wtool series, in both versions of the Wolf number series. It is important to evaluate not only the
consistency degree for these series, but also the consistency of the Wrest series parameters. In the
analysis, we used the classification of cycles by duration: “long” cycles with Tc > 133 months and
“short” cycles (Tc < 133 months).

Characteristics of cycle groups for the Wrest and Wtool series

Let us rely on the characteristics of the G0O+G6 groups. We associate the total duration of the
2T cycles and the area of the ZSq cycles in the group with each group, let us set w = 2Sq/XT for the
estimate of the “average” W value in the group. For the GO group of restored cycles, these parameters
are equal: 2T, = 1209 months, £Sqo = 56713.65/95482.44 (old/new version), wo ~ 46.91/78.98
(old/new version). The duration of each group in months is illustrated in Fig. 2a, the horizontal line is
the average ZT value for G1-G6 groups equal to 1159.0 months. The numbers in parentheses (5)-(2)
indicate the number of “long” cycles in this group.
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Fig. 2. Distribution of £T in cycle groups — (a);
dependence of ZT on the number of “long” cycles N, in the group — (b)

It can be seen that the ratio of “long” and “short” cycles in a group adequately reflects its length and
can be used to classify groups of reliable cycles. The Figure 2b shows the dependence of T on the
number of “long” cycles N, in the group, for groups G1-G6, and the value of £T,. The linear and cubic
approximating functions are superimposed on XT. Let us denote that the ZT values for both versions
of the Wolf series actually coincide. For £Sq, the relationship with the number of “long” cycles N, in the
group is different for these versions, as shown by Fig. 3, where 2Sq, are marked. Quadratic
approximating functions are superimposed on Zsq.

Z5q

75000 2 Wtool_old 1150009~ Z5q Wtool_new

700004 110000 +

E5000 4 1050004

60000 ESq, 100000+

4500&_ T T T T T T T ] T T T T T T T
1 2 3 4 5 B N7 1 2 3 4 5 65 NL7

Fig. 3. Dependence of the total area of cycles in the group ZSq on the number of “long” cycles N, in the group

Assessment of the parameter consistency for the group of restored cycles G0

The group of restored cycles, including six “long” cycles, has the associated parameters ZT,,
2Sqo, and N =6. Let us evaluate their consistency using the obtained dependences for the following
three options.

V-1. We proceed from the tabular duration T, of the 1+9 cycles. According to the ZT curves (Fig. 2b),
this corresponds to N.=7 (seven “long” and two “short” cycles). Using the curves £Sq (Fig. 3) for N.=7,
we find the total area for this combination of nine cycles without detailing their sequence. For the old
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version ¥Sq(N.=7) = 45850.26, for the new version, 2Sq(N.=7)=87191.60. These values are much less
than ZSqo — tabular total areas of the 1-9 cycles (according to the Table, more than by the average
area of the cycle). In fact, we get an even lower level of solar activity at the Dalton minimum and its
surroundings, which is very exotic.
V-2. Based on the 2Sq, = 56713.65 total area (old version), then, using the £Sq curve, we find N.= 5
(five “long” and four “short” cycles) and then (Fig. 2b) T(N.=5) = 1180 months, which is 2.5 years
shorter than the tabular duration of the 1-9 cycles. In the new version, ¥Sqo=95482.44, N.=4 and
2T(N.= 4) = 1169 months, which is 3.3 years shorter than the tabular duration.
V-3. Let us estimate the group parameters based on N.= 6, i.e. general characteristics of its structure.
For the old version, we get ZT(N.= 6) =1194, ZSq(N.= 6) = 49807.86, w ~ 41.68. For the new version,
ST(N.= 6) = 1194, ZSq(N.= 6)=88771.25, w ~ 74.29. Again, we get an underestimated activity level
(w < wp ~ 46.91/78.98) with the group duration reduced by 15 months.

Moreover, it was impossible to use the total length of growth branches in this approach
because of its significant value in the group of restored cycles, which was noted above and
corresponds to the Tm values in the Table.

Scenarios for the 1-9 cycle group G0

When projecting the “rules” obtained for the G1-G6 groups onto the GO group, we see a
mismatch between its duration and “energy”. The estimates obtained indicate the need to change, first
of all, the Wrest series structure, i.e. correlation of “long” and “short” cycles (correction of the duration
of individual cycles is also possible). Increasing proportion of “short” cycles leads definitely to the
growth of average activity level. Several options for such a correction are given below.

Let us set the average ZT value, being equal to 1159.0 months (Fig. 2a), by the G1-G6 groups for
a weighted estimate of the GO group length, which is very close to the estimate after the period of the
basic harmonic of 129*9 = 1161 months. We have a scenario of three “long” and six “short” cycles
(N.= 3) with £Sq(N.= 3) = 66975.50/100762.50 (old / new version) and w~ 57.8 / 86.9, which exceeds
wo. For close variants with N.= 2 and N.= 4 we have:
--N=2, ZT(N.= 2) =1137.50, £Sq(N.= 2)= 72519.52 / 107177.02, w ~ 63.8 / 94.2;
--N=4, £ET(N.=4)=1170.50, £Sq(N.= 4) = 61209.02 / 95556.70, w ~ 52.3 / 81.6.

Let us note that the requirements for the GO group correction are more stringent in the new version
of Wolf numbers. An overview of the options considered in the coordinates (XT, £Sq) for the old

version of the GO group is presented in Fig. 4 with clear separation of “weighted estimates” (N.=2—-4)
and “agreed parameters” (V-1 — V-3) areas.
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Fig. 4. Overview of scenarios for Group GO (old version)

Conclusions

When comparing extended fragments, the local data residual plays a smaller role and more
balanced estimates are obtained. Classification of cycles by duration 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. A more realistic scenario for the Wrest series corresponds to a
simultaneous reduction in the length of the series by 4-5 years and an increase in the “average” W by
1.25 times.

These conclusions are consistent with the result of paper [2], where Wolf numbers and
temperature series of several European centres are compared. It was noted in the work that, around
1925 and later, a tendency toward synchronization of temperature characteristics is visible, which
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reflects the growth and increased influence of solar activity. A similar synchronization of temperature
characteristics was also noted before 1850, that is, the necessary “increase” in solar activity in this
interval (by analogy with the period after 1925) was superimposed on the Dalton minimum.

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)
[4]. An attempt to balance the temporal characteristics of the W series cycles due to the “lost” cycle
was undertaken in [5]. We also note the paper [6], analysing the series fractal properties for the annual
ring width of eleven sequoias. The authors identified time intervals coinciding with the Speper and
Maunder minima, without the Dalton minimum manifestation.

-
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