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Abstract: Using sunspot number data from 270 historical stations for the period 1981-2013, we investigate
their personal reduction coefficients (k) statistically. Chang & Oh (2012) perform a simulation showing
that the k varies with the solar cycle. We try to verify their results using observational data. For this,
a weighted mean and weighted standard deviation of monthly sunspot number are used to estimate the
error from observed data. We find that the observed error (noise) is much smaller than that used in the
simulation. Thus no distinct k-variation with the solar cycle is observed contrary to the simulation. In
addition, the probability distribution of k is determined to be non-Gaussian with a fat-tail on the right
side. This result implies that the relative sunspot number after 1981 might be overestimated since the
mean value of k is less than that of the Gaussian distribution.
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1. INTRODUCTION

Wolf initiated the notion of relative sunspot number
(10g + f) by separately defining the group number (g)
and individual number (f) to better describe solar ac-
tivity with great importance on a spot-building action
compared to a variation of individual spot (Izenman
1983; Svalgaard 2012). The sunspot number of each
observing station indeed differs from each other. There-
fore, a standard sunspot count might require a correc-
tion factor k that scales the number to a primary num-
ber which is so called the Wolf number or Zürich num-
ber defined by k(10g+f) (Hoyt & Shatten 1998). Since
1981, the Solar Influence Data Analysis Center (SIDC)
has been producing the International Sunspot Number
(ISN) continuously over the 35 years from 270 stations
(Clette et al. 2014). Since then, the correction factor
k becomes a personal reduction coefficient of an arbi-
trary station which scales its number to the reference
number, ISN (Kim et al. 2003; Clette et al. 2007).
The personal reduction coefficient (k) could have an

intrinsic dependency on the phase of solar cycle because
of its definition as the ratio of the reference number to
the number from an arbitrary station. One can ex-
pect that the deviation of k from 1.0 is larger during a
phase of minimum solar activity than the deviation in
maximum phase. For example, a difference in the raw
sunspot numbers between an arbitrary and reference
station with relatively small values of the numerator
and denominator in a minimum phase leads to large de-
viations from 1.0, while the ratio with relatively large
values of the numerator and denominator in a maxi-
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mum phase leads to small deviations from 1.0. There-
fore, k is likely to be coupled with the solar cycle.
Meanwhile, Chang & Oh (2012) investigated whether

the variation in the correction factor k (or the personal
reduction coefficient) is coupled with the solar cycle us-
ing artificial data-sets. They considered two kinds of
error distributions, uniform and exponential one, and
convincingly showed that k increases as sunspot num-
bers increase and the variation is independent on the
statistical distribution of error. They also showed that
the amplitude of k-variation in the solar cycle might
be positively correlated with the signal to noise ratio
(S/N) of the data.
We aim to study the statistics of the personal reduc-

tion coefficient by using all contributing stations from
1981. We also try to examine the distribution of k
which could be related to the distribution of sunspot
errors among observers. This might be helpful to un-
derstand the cycle dependency of the personal reduc-
tion coefficient as reported by Chang & Oh (2012).

2. METHOD AND RESULT

The definition of the personal reduction coefficient is
k = RL/RA,raw, where the RL represents the refer-
ence value observed from the Locarno station, scaled
by a factor of 0.6 which is a scaling factor between
the current RL and previous Zürich number (Clette
et al. 2007). The RA,raw represents a raw sunspot
number observed by an arbitrary station. If daily k de-
viate by more than 2σk from the monthly average of
k, they are discarded from the data-set and monthly
k are re-calculated until the average does not change
(Clette et al. 2007). If the Locarno station did not
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Figure 1. Coverage of sunspot observations for all contribut-
ing stations. Numbers in the y-axis represent arbitrary sta-
tions. The color indicates the sunspot numbers. Black-
violet parts approximately represent solar minimum peri-
ods. Each point is monthly sampled. The white blank cor-
responds an epoch of an insufficient number (lower than
7-days for a month) of observations or no observations.

see the Sun due to a bad weather condition or an in-
strumental problem, the RL of that day is replaced by
the network average of relative sunspot number (R)
which is scaled by their own historical k. After the
monthly k is calculated, daily relative RA are deter-
mined by multiplying with their monthly k. Figure
1 represents coverage of sunspot observations during
1981-2013 for all stations. One can see that the monthly
number of stations as a function of time is not uniform
which means that a sample at a certain month might
be measured with better or worse precision than oth-
ers (Bevington & Robinson, 2002; Usoskin et al. 2003).
Therefore, we apply a weighted mean and standard de-
viation to better estimate the relative sunspot num-
ber and its uncertainty. The weighted average at each
month (µ) is given by µ = Σ(xi/σ

2

i )/Σ(1/σ
2

i ), where
σi is uncertainty of an arbitrary station at each month.
The weighted standard deviation (σµ) at each month is
given by σ2

µ = 1/Σ(1/σ2

i ).

Figure 2 shows monthly weighted average of rela-
tive sunspot number and its personal reduction coeffi-
cient together with their weighted standard deviations.
The reason we use the weighted moments is that the
number of station is not uniformly distributed as men-
tioned above. This non-uniformity might be an in-
trinsic property of the sunspot count though one can
only assume its error property by comprehensive model
(Chang 2008, 2009). The weighted standard deviation
of the observed sunspot number exhibits the coupling
with the solar cycle as seen in the lower left panel of
Figure 2 that was similar to those assumed in previ-
ous studies (Chang 2008, 2009; Chang & Oh 2012). It
is seen that the personal reduction coefficient shows lo-
cally higher values at the cycle minima. A slow decrease
is also observed over three decades. Clette et al. (2014)
suspect that it might be due to the eyesight degradation
and aging effect of the lead observer at the reference sta-

Figure 2. The weighted average of monthly relative sunspot
numbers (upper left) observed by 270 stations since 1981,
personal reduction coefficients (upper right), and corre-
sponding weighted standard deviations (lower left and
right).

Figure 3. Scatter plot of the personal reduction coefficient
as a function of the sunspot number. Red-straight line rep-
resents least square fit which shows a weak-positive trend
as the sunspot number increases. Horizontal and vertical
bars indicate 1-sigma of the relative sunspot numbers and
personal reduction coefficient at each value.

tion. Estimated error or noise from observed data (the
inverse of signal to noise ratio; (S/N)−1) is approxi-
mately 0.0013 which is to be compared to the much
larger value of 0.01 considered by Chang & Oh (2012).
Our (S/N)−1 is directly calculated from σ2

σr

/σ2

R, where
the σσr

is the standard deviation of monthly errors from
270 stations and σR is the weighted standard deviation
for monthly sunspot number.
To examine the k-coupling with the solar cycle more

precisely, we plot the personal reduction coefficient as
a function of the sunspot number in Figure 3. A red-
straight line represents least square fit to the depen-
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dency. Although, the personal reduction coefficient is
weakly correlated with the sunspot number, this de-
pendency is not likely to be related to the 11-year so-
lar cycle since there is large scatter compared to the
dependency variation (the red-straight line) over the
whole sample. Note that the amplitude of the 11-year
solar cycle shown in the upper panel in Figure 2 is
much larger than the change through the solar cycle.
The simulated (S/N)−1 in the previous study is 0.01
which is much larger than the (S/N)−1 estimated in
our study (0.0013). Moreover, the former considered
intrinsic errors in simulated sunspot number, while the
latter used total errors including the intrinsic error in
the observed relative sunspot number. Therefore, the
intrinsic error in the observed sunspot number is def-
initely much smaller than 0.01. It seems that the ob-
served k-coupling with the solar cycle might be very
small to detect. We suspect that the observed intrin-
sic error is too small to obtain a visualization of the
k-coupling, although the variation of error could be re-
lated to the k-coupling itself as seen in the lower left
panel of Figure 2 and the assumption in Chang & Oh
(2012).
In Figure 4, we plot the distribution of the personal

reduction coefficient. The distribution shows a fat-
tailed feature in the right side which is likely to be a
log-normal or gamma distribution rather than purely
Gaussian. This non-Gaussianity is likely to be indepen-
dent of the length of data-sets in obtaining k implying
that it might be an intrinsic property of k rather than a
transient due to insufficient data samples. This means
that the average and standard deviation used in the
2-sigma criterion of the calculation likely overestimate
the average and standard deviation. We estimate the
actual average and standard deviation by considering
the shape of the distribution. Those averages and stan-
dard deviations are represented by red-solid and red-
dashed lines, respectively. The average and standard
deviation under the assumption of the pure Gaussian is
represented by black-solid and black-dashed lines, re-
spectively. It is noted that the former is smaller than
the latter by about 11% possibly implying that the rel-
ative sunspot number is overestimated by at most 11%.

3. SUMMARY AND DISCUSSION

We have examined the variation of the personal reduc-
tion coefficient with the solar cycle simulated by Chang
& Oh (2012). The variation of k with the solar cycle was
not identified in the observed data-sets since the actual
error is much smaller than 0.01 used in the simulation.
On the other hand, we found that the personal reduc-
tion coefficient is weakly correlated with the sunspot
number of which the origin is currently unknown.
The distribution of the personal reduction coefficient

was first obtained by using data from 270 stations since
1981. The distribution is different from a Gaussian and
conserves its non-Gaussianity with the changing length
of data-sets in obtaining k, indicating that its statisti-
cal moments are likely different from those of Gaussian
sample. We estimated the average and standard de-

Figure 4. Probability distributions of personal reduction co-
efficients from 270 stations. Gray curves are obtained by
changing the length of data-sets in obtaining k with 10,
20, 30, 60, 90, 120, 150, 180, 210, 240, 270, 300, 330, 360,
and 720 days. Black curves in upper and lower panel are
the probability distribution of monthly personal reduction
coefficient. The right side of the distribution is elongated
meaning that the distribution is apart from the Gaussian.
Black-solid and black-dashed lines indicate a mean and ±1-
sigma (0.257) from the mean (0.857) which are calculated
under the assumption that the distribution is purely a Gaus-
sian. Red-solid and red-dashed lines indicate a mean (0.772)
and ±1-sigma (0.211) from the mean. They are calculated
by considering the observed shape of the distribution such
that they occupy 50%, 15.87%, and 84.13% area, which cor-
respond a mean and ±1-sigma in the Gaussian distribution.

viation by considering this non-Gaussian property and
suspect that the sunspot number is likely overestimated
by at most 11%. In actual case, the calculation process
of the relative sunspot number excludes samples located
outside of the 2-sigma iteratively while we exclude them
only once, a significant portion of the overestimated
amount might be reduced. More detailed quantifica-
tion is beyond the scope of our study.
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