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Abstract

The Sun provides most of external energy to Earth’s system and thus has the potential of influencing it. Various studies
reported a correlation between the solar cycle length and the northern hemisphere temperatures on Earth. Here, we reas-
sess the cycle length record by incorporating the newly revised and updated sunspot number series as well as plage area
composite, before comparing it to Earth temperature records. We find that cycle length series constructed from sunspot and
plage data exhibit the same behaviour, both showing a downward trend after 1940. Our results suggest that the agreement
between solar cycle lengths and temperatures found earlier is an artefact of (1) some arbitrary choices made by those studies
when constructing the cycle length series as well as (2) a rather short time interval, to which the analyses were restricted.
When considering the entire period of reliable sunspot and temperature data, these records diverge before about 1870 and
after 1960. We also find a poor agreement between Earth temperatures and cycle length when using plage areas instead of
sunspot data to derive cycle lengths. Our result of the divergence between cycle length series and Earth’s temperature after
1960 implies that the cycle length cannot be used to support a solar origin for the warming on Earth over the last 5 decades.
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1 Introduction

The Sun is the main external energy source for Earth (Kren
et al. 2017) and thus influences Earth’s climate (Haigh 2007,
Gray et al. 2010; Solanki et al. 2013; Krivova 2018; IPCC
2021). Various mechanisms have been considered for the
solar influence acting on different timescales. The main such
mechanism is through variations in the solar radiative output
due to short and long-term solar variability (acting on time-
scales of days to millennia). Variations of total solar irradi-
ance (TSI, being the solar radiative energy flux integrated
over all wavelengths and measured at the top of Earth’s
atmosphere at a mean distance of 1 AU) lead to changes on
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Earth’s energy balance, while various mechanisms, such as
the “bottom-up” (effect of TSI on tropical circulations lead-
ing to a positive feedback of cloud coverage reduction in
subtropical regions and further increase of surface solar forc-
ing) and “top-down” (effect of UV radiation on stratosphere
that due to dynamical coupling is affecting troposphere too)
effects have been suggested (see Gray et al. 2010; Lockwood
2012, and references therein). Furthermore, indirect empiri-
cal correlations between solar and Earth’s climate param-
eters have also been reported, though such studies generally
lack and do not provide a causal mechanism. One of them
is the anti-correlation between the solar cycle length and
the North hemisphere temperature on Earth (Friis-Chris-
tensen and Lassen 1991; Baliunas and Soon 1995; Lassen
and Friis-Christensen 1995, 2000; Thejll and Lassen 2000;
Thejll 2009; Reichel et al. 2001; Solheim et al. 2012; Booth
2018), which is shown in Fig. 1. These studies implied a
significant solar influence on Earth’s climate.

Such studies have gathered significant criticisms about
the arbitrariness of some steps in the production of the cycle
length series (e.g. Kelly and Wigley 1992; Thomson 1995;
Laut and Gundermann 1998, 2000; Laut 2003; Damon and
Peristykh 1999; Damon and Laut 2004; Free and Robock
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Fig. 1 Cycle length series by Friis-Christensen and Lassen (1991)
along with GISTEMP4 northern hemisphere temperature anomalies

1999; Solanki and Krivova 2003; Stauning 2011; Hans-
son 2020). In particular, Laut and Gundermann (2000),
Laut (2003), and Damon and Laut (2004) argued that the
inconsistent weighting in the smoothing process biased
the results by Friis-Christensen and Lassen (1991) for the
periods after 1970. Furthermore, several studies applied
different and more objective approaches to determine the
cycle lengths (Fligge et al. 1999; Mursula and Ulich 1998;
Usoskin et al. 2021b; Benestad 2005), which showed a sig-
nificantly reduced agreement between cycle lengths and
Earth’s temperature than reported by Friis-Christensen and
Lassen (1991). Despite that, the cycle length series by Friis-
Christensen and Lassen (1991) is still sometimes used to
argue for a significant solar influence on Earth’s climate (e.g.
Connolly et al. 2021; Stefani, 2021).

Previous studies used mostly the international sunspot
number series (Clette et al. 2007, ISNv1) to determine the
cycle length series. More recently, criticism and concerns
were raised about these earlier sunspot series (e.g. Lock-
wood et al. 2016; Usoskin et al. 2016a). This led to exten-
sive efforts to recover new data and to correct mistakes in
the digital databases of old sunspot records (e.g. Arlt et al.
2013, 2016; Vaquero et al. 2016; Carrasco et al. 2018, 2019,
2021a,b; Hayakawa et al. 2020a,b, 2021a,b; Vokhmyanin
et al. 2020; Bhattacharya et al. 2021). Sunspot number series
were also drastically updated and scrutinized leading to a
new version of ISNv2 (Clette and Lefévre 2016) and a num-
ber of alternative group sunspot number (GSN) series (e.g.
Lockwood et al. 2014; Cliver and Ling 2016; Svalgaard and
Schatten 2016; Usoskin et al. 2016b, 2021a; Chatzistergos
et al. 2017; Willamo et al. 2017).

Here, we reassess the relation between the solar cycle
length and the temperature on Earth using more recent ver-
sions of sunspot number series extending to the beginning of
cycle 25 that were not available in the previous studies. We
also provide error estimates for various subjective decisions
in the creation of such series. This is done in an attempt
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to remove part of the arbitrarity of cycle length series and
evaluate more objectively their relation to Earth’s tempera-
ture. In particular, in Sect. 2, we study the change in cycle
length with time with various sunspot number series as
well as plage area series. In Sect. 3, we compare the cycle
length series to northern hemisphere and global temperature
records and discuss our results in Sect. 4. Finally, in Sect. 5,
we draw our conclusions.

2 Solar cycle length series

There have been a number of different methodologies to
produce cycle length series (e.g. Fligge et al. 1999; Mursula
and Ulich 1998; Usoskin et al. 2021b); however, here, we
will focus on those by Friis-Christensen and Lassen (1991)
and Hoyt and Schatten (1993).

Following Friis-Christensen and Lassen (1991), we com-
pute for each solar cycle two points as the time difference
between subsequent activity minima and maxima, respec-
tively, which are assigned to the middle of their distance.
This results into two separate series, one containing dura-
tions of periods between cycle minima, L;nin (where i is the
cycle number), and another one the same but between cycle
maxima, L™, which are then merged together by append-
ing L™ to L;“i“ to produce the cycle length series, L,. The
extrema times are identified after applying a 13-month
smoothing to the monthly mean sunspot number series
(Hathaway 2015). We note that for the determination of Lf““‘"
we only considered the highest peak in the smoothed series
and we did not take into account any possible secondary
peaks. We note that not all cycles exhibit secondary peaks
and this is especially reduced after the 13-month smoothing
we apply. However, an alternative approach for such cases
could have been to estimate the time of activity maximum
as the midpoint between the two activity peaks. This choice
would introduce an uncertainty of ~1 year in the determina-
tion of L™ for cycles with two peaks compared to consid-
ering only the highest peak of the cycle. For example, over
the 20th century this would affect only cycles 22 and 23
for which L™ would increase by 0.9 year and decrease by
1.9 year, respectively. We also remind that this leaves L;.’“““
unaffected. Overall, this process returns a very noisy series,
therefore a smoothing filter is applied to the series. Previous
studies used arbitrarily running mean smoothing filters with
width of five and three points with weights of 1-2-2-2-1 (e.g.
Gleissberg 1944; Friis- Christensen and Lassen 1991) and
1-2-1 (e.g. Thejll and Lassen 2000; Thejll 2009), respec-
tively. We note that the five (three) data point smoothing ren-
ders the first and last two (one) cycles of the data essentially
unusable. To circumvent this, previous studies introduced
an assumed date of the next cycle extrema, arguing that
this does not affect the results significantly due to its lower
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weight in the smoothing process. This was done rather arbi-
trarily. For example, Thejll and Lassen (2000) estimated the
forthcoming two maxima as 2000.3 and 2011.2 and the next
minimum as 2007.3, to compare with 2000.3, 2014.3, and
2008.9 as reported by Hathaway (2015). For this reason, the
cycle length series by Thejll and Lassen (2000) is biased to
shorter lengths over the last 2 estimated points (see also Laut
2003; Damon and Laut 2004). To avoid arbitrarity, in our
analysis we did not estimate the periods of the next extrema,
but kept only the period over which the extrema dates could
be determined from the available data. In Table 1, we list
L:.“i“ and L™ computed from ISNv2 series (without apply-
ing the 1-2-2-2-1 or 1-2-1 filter). In the following, whenever
we refer to cycle length series, we mean the cycle lengths
using reversed ordinate. This is done to ease comparisons
with previously published results of the anti-correlation
between cycle length series and Earth’s temperature.
Smoothing was typically applied separately to L and
L;.“i“, which were then merged to produce one solar cycle
length series, L;. This was also an arbitrary choice and we
check how it affects the results. Figure 2b compares the
cycle length series produced with ISNv2 for the cases when
smoothing was applied to L™ and L?‘i“ individually before
merging or directly to the merged series L;. We find RMS
differences between these two series of 0.6 years, while
smoothing L, returns a slightly greater magnitude of vari-
ability than applying the smoothing separately to L™ and
L;“i“ and then merging them. We also notice that smoothing
the series together introduces a secondary peak (that is a
drop in terms of the cycle length) at about 1980 (lower than
the main peak at about 1940), which is absent in the case of
smoothing the minima and maxima series separately.

19‘00

19‘00 1 9‘50 20‘00

Year

19‘50 20‘00 1750 18’00 18‘50

Panels c and d of Fig. 2 compare the cycle length series
produced with the two different smoothing filters that have
been used in the literature, in particular a 1-2-2-2-1 (Gleiss-
berg 1944; Friis-Christensen and Lassen 1991) and a 1-2-1
filter (Thejll and Lassen 2000). The 1-2-1 filter increases
the magnitude of variations compared to the 1-2-2-2-1 filter,
with RMS differences between these two series of 0.5 and
0.6 years when the filter is applied to L™ and L;“i“ sepa-
rately or to L;. In addition, the 1-2-1 filter applied separately
to L™ and L:.“i“ introduces a weak secondary peak at about
1980, which is absent in the case of the 1-2-2-2-1 filter.

Thus, as demonstrated above, the smoothing filter and
whether it is applied on the L™ and L?‘i“ series separately
or their combination L, lead to differences in the produced
cycle length series. However, the choice between these vari-
ous cases is arbitrary.

Another potential source of uncertainty in the derived
cycle length is the choice of the input series, employed
to determine cycle lengths. To assess the magnitude of
this effect, we produced cycle length series from vari-
ous sunspot number series as well as from plage area
series (see Fig. 2a). In particular, we used the ISNv1!
and ISNv2! sunspot number series, the Hoyt and Schat-
ten (1998, HoSc98, hereafter)', Svalgaard and Schatten
(2016, SvSc16, hereafter)', and Chatzistergos et al (2017,
CEA17, hereafter)? group sunspot number series as well
as the Chatzistergos et al. (2019b, CEA19, hereafter) and

! Available at https://www.sidc.be/silso/datafiles.

2 Available at https://www2.mps.mpg.de/projects/sun-climate/data.
html.
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Chatzistergos et al. (2020, CEA20, hereafter)” plage area
composite series. We found, in general, small variations
in our results depending on the input sunspot series. We
also notice considerable disagreement between the various
series after 1970, even though all series show a decreas-
ing trend over that period. The plage area series covers a
shorter period (since 1892 Chatzistergos, 2017; Chatzis-
tergos et al. 2019a, 2022b) than the sunspot data, but the
derived cycle length record follows the one from sunspot
data quite well. This is unsurprising, considering the rela-
tionship between sunspot and plage areas (e.g. Chatzis-
tergos et al. 2022a). The cycle length series derived from
both plage area series considered here agree qualitatively.
In particular, we find the same peak at about 1940 and
a declining trend afterwards, although the values remain
rather stable after 1950.

In the following, unless otherwise stated, we show the
results for the ISNv2 series smoothed with the 1-2-2-2-1
filter applied separately to L™ and L;“i“. Figure 3 com-
pares our produced cycle length series to those we found
in the literature, that is from Friis-Christensen and Lassen
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(1991); Baliunas and Soon (1995); Lassen and Friis-
Christensen (1995); Thejll (2009) as well as the record
produced from solar cycle lengths by Hathaway (2015).

All series agree rather well with each other between 1870
and 1960, but we notice a considerable disagreement among
all series for the periods before 1870 and after 1960. All
previous cycle length series showed an increase (we note the
series was used in inverse) after 1960s. However, we note
that even the increase in previously published cycle length
series differs. With the cycle length series by Friis-Chris-
tensen and Lassen (1991) returning the highest increase after
1970 and Lassen and Friis-Christensen (1995) the lowest,
while the one by Thejll (2009) decreases after 1990. Fur-
thermore, our series shows a clear decrease after 1940 which
continues to the end of the covered period.

Finally, we also discuss the cycle length series produced
by Hoyt and Schatten (1993), which employed a different
and less arbitrary methodology than Friis-Christensen and
Lassen (1991). They define the cycle length for each year as
the mean time difference between years of the previous and
next solar cycles with equal percentage levels of activity.
They then applied a 23-year running mean smoothing. In
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Fig.4 Comparison between cycle length series by Hoyt and Schatten
(1993, solid black), Friis-Christensen and Lassen (1991, dashed red),
and the one produced by us with ISNv2 following the methodology
by Friis-Christensen and Lassen (1991, dashed yellow)

contrast to other cycle length series, it provides annual val-
ues. However, there are some ambiguities in the data selec-
tion and methodology used by Hoyt and Schatten (1993), for
which reasons we do not reproduce it here ourselves, but use
the series presented by Hoyt and Schatten (1993) (after lin-
early scaling it to our cycle length series, since it was origi-
nally provided in fractions of cycle per year). Figure 4 shows
the Hoyt and Schatten (1993) cycle length series along with
the one by Friis-Christensen and Lassen (1991) and the one
produced here with ISNv2 following the methodology by
Friis-Christensen and Lassen (1991). This series exhibits a
peak at 1940 like the ones produced with the methodology
by Friis-Christensen and Lassen (1991), while it decreases
afterwards and stays at a rather low level until the end of the
covered period.

In summary, we find the various arbitrary choices in
determining the cycle length series to affect the results by
mainly changing the magnitude of variations and introduc-
ing artefacts thus changing the trend after 1960s. We were
unable to find a reasonable arrangement of parameters with
the up-to-date sunspot and plage data that would result in an
increase in cycle length series after 1960, in contrast to most
cycle length series from the literature (e.g. Friis-Christensen
and Lassen 1991; Baliunas and Soon 1995; Lassen and Friis-
Christensen 1995, 2000; Thejll and Lassen 2000; Thejll
2009; Reichel et al. 2001; Solheim et al. 2012). Therefore,
we conclude that the increase in cycle length series after
1960s was an artefact of previous studies either due to the
use of outdated sunspot data or due to the arbitrary estima-
tion of the date of the next extrema. Overall, we report the
cycle length series to steadily decrease after 1940s.

3 Comparison to Earth’s temperature
records

Here, we compare the updated cycle length series we pro-
duced with the revised ISNv2 sunspot number series and
the CEA20 plage area series to the northern hemisphere and
global Earth temperatures by GISTEMP4 (NASA Goddard
Institute for Space Studies Surface Temperature Analysis;
Lenssen et al. 2019)°, HadCRUTS5 (Hadley Centre/ Climatic
Research Unit Temperature; Osborn et al. 2021)4, the Berke-
ley Earth (Rohde and Hausfather 2020)° global temperature
series, and the global temperature reconstruction by Neukom
et al. (2019).

A comparison between GISTEMP4 temperatures and the
cycle length series by Friis-Christensen and Lassen (1991)
and Hoyt and Schatten (1993) as well as the ones computed
here from ISNv2 series and the CEA20 plage area series is
shown in Fig. 5. All series indeed show similarity roughly
over the period 1870-1970, as previously reported, but they
noticeably deviate before and after that period. We note
that the uncertainty both in temperature and sunspot data
increases further back in time, which is partly responsible
for the diverse results prior to 1900s. This is not the case for
the data after 1970, which have considerably lower uncer-
tainty than the earlier data.

In particular, both global and northern hemisphere
temperature series increase sharply after 1970, while the
cycle length series produced here with sunspot and plage
data decrease. The cycle length series by Hoyt and Schat-
ten (1993) after 1970 remains rather stable at a lower level
than most part of 1900s, thus not following the tempera-
ture increase over the same period. In contrast to that, the
cycle length series by Friis-Christensen and Lassen (1991)
does indeed increase, but only when the last data points are
included. These points are, however, entirely an artefact of
the arbitrary and incorrect guess of the next extrema (see
Sect. 2).

Before 1870s, the cycle length series have two main
maxima over late 1700s and about 1840. Interestingly, the
peak over 1760 in the series by Friis-Christensen and Las-
sen (1991) is even exceeding the peak at 1940. However,
we do not observe the same behaviour in the temperature
record by Neukom et al. (2019). In particular, temperatures
over 1760 are lower than in 1940. Furthermore, there is a
local minimum in the temperature by Neukom et al. (2019)
around 1840, in contrast to the peak in cycle length over
that period. We find in general poor correlation between
the various cycle length and the various temperature series

3 Dataset accessed 2022-09-13 at https://data.giss.nasa.gov/gistemp/.
4 Available at https://crudata.uea.ac.uk/cru/data/temperature/.
3 Available at http://berkeleyearth.org/data/.
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(listed in Table 2). In particular, for GISTEMP4, we find
R =0.10 and R = — 0.15 for the global temperature and
the northern hemisphere temperatures, respectively. When
arbitrarily limiting the interval to 1907-1970, we find a
considerably better agreement, with R = —0.82 and R = —
0.67 for northern hemisphere and global temperatures. We
note, that this was done only for the purpose of demon-
strating the effect of an arbitrary selection of period. Here,
we want to stress one of the main conclusions of IPCC
(2021), which states that since 1750 the warming influence
on Earth is predominantly due to increases in atmospheric
greenhouse gas concentrations, while there are only negli-
gible contributions from solar and volcanic activity.

@ Springer

1850 1900 1950 2000
Year

Therefore, the agreement between the cycle length
series and temperature of northern hemisphere on Earth
that was previously reported appears to be an artefact. Two
factors that contributed to that are the selected period and
the arbitrariness of various parameters when constructing
the cycle length series (see Sect. 2), which rendered the
previously reported cycle length series to increase after
1960. We note that there have been more criticisms on
the connection between the cycle length series and tem-
peratures on Earth (e.g. Kelly and Wigley 1992; Thom-
son, 1995; Laut and Gundermann 1998, 2000; Laut 2003;
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Table 1 Computed L™" and Cycle LM [year] L™ [year]

L™ from ISNv2
1 11.25 11.17
2 09.08 08.34
3 09.17 08.66
4 13.66 09.92
5 09.67 16.91
6 15.41 11.50
7 10.42 13.08
8 09.75 07.50
9 12.50 10.84
10 11.16 12.00
11 11.59 10.67
12 10.17 13.17
13 13.08 10.08
14 11.50 12.00
15 10.00 11.50
16 10.17 10.67
17 10.50 09.08
18 10.08 10.08
19 10.50 10.83
20 11.67 10.67
21 09.75 11.08
22 10.42 09.50
23 12.25 12.75
24 11.08 12.08

For each cycle we give the
time difference to the previous
extremum. For L;‘““, we con-
sider the minimum at the end of
the cycle

Table2 Correlation coefficients between cycle length series pro-
duced here with ISNv2 and various datasets of global and northern
hemisphere tempeartures on Earth

Temperature dataset R

GISTEMP4 GL 0.1 -0.26
GISTEMP4 NH -0.15 - 044
HADCRUTS5 GL —-0.01 -0.30
HADCRUTS NH -0.18 - 041
Berkeley GL 0.07 —0.26

The correlation coefficients are shown for concurrent cycles and lag
one solar cycle between the length and temperature series

Damon and Peristykh 1999; Damon and Laut 2004; Free
and Robock 1999; Solanki and Krivova 2003; Benestad
2005; Stauning 2011; Hansson 2020).

Table 3 Correlation coefficients between the cycle length and ampli-
tude for the CEA17 GSN, ISNv2, and CEA20 plage area series

Series R

CEA17 —0.64 —-0.68 -0.72
ISNv2 -0.58 -0.73 -0.71
CEA20 —0.64 —0.66 -0.74

The correlation coefficients are shown for concurrent cycles and lags
of half and one solar cycle between the length and amplitude series

4 Discussion

We reported that the previously reported agreement between
cycle length series and temperatures after about 1960s was
an artefact due to various arbitrary choices in the creation
of the series. The partial agreement of cycle length series
to temperatures on Earth for earlier periods, can potentially
be explained with the Waldmeier rules (Waldmeier 1935,
1939). The classical Waldmeier rule relates the amplitude
of a cycle to the duration of the ascending phase of the same
cycle. However, different variations exist, with the (n+1)
rule connecting the length of a cycle to the amplitude of the
next one and being the more relevant one for our discussion.
We just note that there is also the simplified Waldmeier rule
connecting the length and amplitude of the same cycle, for
which however the reported correlations are significantly
lower than for the other two rules (Hathaway, 2015; Usoskin
et al., 2021a). In Table 3, we list the correlation coefficients
between the cycle lengths and amplitude for the CEA17
GSN, ISNv2, and CEA20 plage area series. The correlation
coefficients are — 0.64 for both CEA17 and CEA20 series,
while it is — 0.58 for ISNv2. Allowing for a lag of half or
one cycle increases the correlations significantly, becom-
ing — 0.74 for CEA20, — 0.72 for CEA17, and — 0.71 for
ISNv2 for a lag of one cycle. Our result for ISNv2 for a lag
of 1 cycle is the same as that by Usoskin et al. (2021a) who
used the cycle lengths without smoothing. However, we see
a higher correlation for ISNv2 without any lag compared to
the value of -0.29 reported by Usoskin et al. (2021a), this
is most likely because of the smoothing process by Friis-
Christensen and Lassen (1991). It is noteworthy, that the
Waldmeier rule has been used for predictions of a cycle
amplitude in sunspot number (Petrovay 2020; Pesnell 2020;
Nandy 2021, and references therein). So that the cycle length
series are better viewed as representing the amplitude of
variations of the next cycle rather than the concurrent one.
Interestingly, there are studies which used the cycle
length series to make predictions for Earth’s temperature in
the future on the assumption of a strong solar influence on
Earth’s climate. For instance, Archibald (2006) predicted
that the global temperature should have decreased by 1.5 °C
between solar cycles 23 and 24, while over the same period
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Archibald (2009) predicted a 2.2 °C decrease in mid-latitude
regions. Solheim et al. (2012) predicted a greater than 1 °C
decrease in annual mean northern hemispheric temperatures
between cycles 23 and 24 and a drop of 3.5 °C for the region
of Svalbard. All of those predictions proved to be wrong,
considering that both the annual mean temperature of the
northern hemisphere (and the global one for that matter; e.g.
Lenssen et al. 2019; Rohde and Hausfather 2020; Osborn
et al. 2021; Voosen, 2021) as well as the temperature at Sval-
bard increased over the course of solar cycle 24 (e.g. Dahlke
et al. 2020; Nordli et al. 2020).

5 Conclusions

The reported correlation between cycle length series and
temperature on Earth has been (and continue to this day
to frequently be) used to attribute the observed increase of
temperature on Earth over the last century to solar activ-
ity. We reassessed the methodologies used in the literature
to produce the cycle length series and showed that they
included a number of rather arbitrary steps (e.g. guess of
dates of following extrema, the smoothing filter, whether the
minimum to minimum and maximum to maximum length
series are smoothed together or separately before merging
them, as well as the choice of sunspot series to determine the
cycle lengths), which affect the produced series. Using the
most up-to-date sunspot data to determine the cycle length,
while also removing the uncertainty introduced in previ-
ous studies by guessing the date of the next extrema, we
find that the cycle length exhibits a steady decrease after
1940s. This is in contrast to most previous studies which
reported an increase after 1960 (e.g. Friis-Christensen and
Lassen 1991; Baliunas and Soon 1995), but in agreement
with Laut (2003), Damon and Laut (2004), and Stauning
(2011). However, using directly measured data (without the
need for guessing the dates of following extrema), we were
able to show that the decreasing trend of cycle length series
extends even one cycle later than the end of the period con-
sidered by Friis-Christensen and Lassen (1991). The results
remain qualitatively the same when various recent sunspot
series are employed. We also used the plage area composite
by Chatzistergos et al. (2020) to compute the cycle length
and found qualitatively the same results as for sunspot data.
However, we note that the results from the various sunspot
number and plage series disagree quantitatively after 1950s.

We have also reassessed the relation between the solar
cycle length and the temperature on Earth using the most
recent versions of the sunspot and Earth’s temperature
datasets available. Our results suggest that the good cor-
relation between the solar cycle length and the temperature
on Earth found earlier breaks down when the entire record
of reliable sunspot data (since 1740s) is considered. The

@ Springer

previously reported agreement between the cycle length and
the northern hemisphere temperatures on Earth appears to
have been an artefact due to mainly two factors: (1) restrict-
ing the studied period to roughly 1870-1970, while the
series diverge before and after that period and (2) arbitrar-
ily estimating the date of the following extrema (instead of
ignoring these data points) and in this way biasing upwards
the cycle length series. The divergence of the series over
the more recent years, which includes in principle higher
quality data acquired in a more systematic way than in the
past, precludes the divergence being an artefact of sunspot
or temperature data.

The possible physical connection between cycle length
series and temperature on Earth is also unclear. Potentially,
the good agreement between the two series over certain
periods might be simply a consequence of the relationship
between the cycle length and the strength of the next cycle,
whereas the latter is an indicator of increased solar activity
accompanied by an increased level of the total solar irradi-
ance (describing the total radiative energy input to Earth’s
climate system) and UV irradiance (Ermolli et al. 2013).
However, we emphasize that since the cycle length series
do not follow the temperature increase since 1970s, they at
least cannot be used to suggest that the warming on Earth
over the last 5 decades has a solar origin.
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