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Four newly proposed SN time series
(3 group; 1 international)
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Two groupings
Diverging before ~1900
All with different normalization schemes

But agreeing reasonably well during the 20t century



Hoyt & Schatten (1998) R

H&S k-factor: k = ratio formed by dividing the total number of sunspot groups observed by
the comparison observer and by RGO, limiting the ratio to those days when both observers
saw one or more sunspots

k=2Gp/2Gs (common days with G # 0)
S'=kxS
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Daisy-chaining RGO drift

3
2.5 .
5 Increase in k-factors
+= 2 . . _
E beginning in 1884 =>
Y 15 observers counted
(%))
o3 1 b mgre spots before
I this year than after
0.5
0 L | L] L] L] L] L] L] L] L] L] L] L] L L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
Obs.No. 1 21 41 61 81 101 121 141 161 181

Year 1826 1850 1862 1880 1891 1898 1907 1917 1937 1977

Wolfer Counted 65% more spots than Wolf, but their k-factors are ~equal

2.0 : . : : ,
1.8 =
16f
1.4}
1.2-
1.0f
oal

0.6 _
0.4 _
0ol Y= -9.801(-05)X2 = 3.827 (-01)X + 3.722 (+02)
0.0

RGO Group Counts/Wolfer Group Counts

1880 * 15060 ' 7950



K-factor*
[y
(0, ]

0.5

0 4+
Obs. No. 1

Year 1841

21 41 61 81 101 121 141
1859 1874 1889 1896 1904 1911 1930

The increase in k after ~1885 is removed
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An un-normalized sunspot number (SN) series (k=1 for all observers)

16
1SS UEA k=1 (Svalgaard & Schatten, 2016)
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Correction-factor time series

- Defined to be the ratio of any sunspot number time series to the k = 1 series

cf = SN/k=1
SN =cf x k=1

- Useful tool to assess validity of time series when there are ample observers
- Sharp changes indicate problems with reference series
- Long-term changes should be in accord with expectations
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Conclusions

- Began with two time series (R, & R;) that diverged before ~1885

- Now have two groups of series (S, SS, R, & UEA, F, R;) that
diverge before ~1900

- k-factor analysis of original group sunspot number series =>
inhomogeneity across the ~1885 divergence between R, & R

- A correction-factor time series, based on un-normalized sunspot
counts, favors the S, SS, R, grouping, and can be used generally
to assess the validity of new time series or individual observers

- Collaborative work needed to understand and resolve
differences between the new sunspot series
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K-factor

Observer quality factor S; corresponds to the smallest area spot group the

Usoskin et al. (2016) UEA

observer would detect, with the assumption that, on average, the observer
reports all groups with area > S., and no groups with area < S. .

In other words, observers with low S, values should have correspondingly low k-factors.
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