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On the possible influence of the solar quasi-bicentennial cycle on the
temperature of the Earth’s Northern Hemisphere
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The possibility of a relationship between the quasi-bicentennial temperature variation in the Northern Hemisphere
and the solar cycle of Suess was investigated. Linear and nonlinear correlation coefficients between quasi-
bicentennial cycles in temperature and solar activity were calculated. Nonlinear correlation coefficients were
calculated based on mutual information estimates. It turned out that in most cases, the significance of nonlinear
correlation is significantly higher than that of linear correlation. This result indicates that the relationship between
quasi-bicentennial cycles in Northern Hemisphere temperature and solar activity may be nonlinear.
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Introduction

The sun is the main source of energy supplied to the
Earth’s climate system, so the possible impact of solar
activity on the climate has long been actively studied.
Steadily developing methods of solar paleoastrophysics and
paleoclimatology make it possible to test solar-climatic
relationships over time intervals of up to several thousand
years. An analysis of the available paleoclimatic information
has shown that the climate of both individual regions of
the Earth and the Northern and Southern hemispheres as
a whole has a quasi-two-century (period of about 200
years) periodicity [1]. The period of this variation is close
to the period of the quasi-two-hundred-year Suess solar
cycle. However, the study [1], in which the relationship
of the quasi-two-hundred-year temperature variation with
the Suess cycle was tested using the linear correlation
coefficient, did not detect such a relationship. It was
concluded that the Earth’s climate may have its own natural
variations with periods close to the periods of solar cycles,
but not related to solar activity, which can significantly
distort solar signals and make them difficult to detect. An
attempt is made in this paper to find a nonlinear relationship
between quasi-two-century variations in the temperature of
the Northern Hemisphere and solar activity using nonlinear
correlation coefficients calculated based on estimates of
mutual information.

1. Materials and methods

The following was used in this study: — six reconstruc-
tions of solar activity [2-8] obtained using methods of Solar
paleoastrophysics, mainly using data on the concentration
of cosmogenic isotopes in terrestrial archives; — seven
reconstructions of the temperature of the Northern Hemi-

sphere and its extratropical part [9—16]. The main source of
information was tree rings, additional sources of information
included concentrations of stable isotopes §'%0 and §3C
in the terrestrial radiocarbon records, plant pollen, ribbon
clays, historical documents.

Bicentennial variations were identified by wavelet filtering
in the period band (range) of 172—260 years, performed
using the MHAT real basis [17]. The MHAT wavelet
has good time resolution and is therefore well suited for
detecting various spectral components of a signal. The
relationship between the studied series was tested using
linear (R;) and nonlinear (R,) correlation coefficients.
Nonlinear correlation coefficient [18]:

Ry = /1 — exp(—2MI) (1)

where M1 is mutual information that describes the amount
of information contained in one random variable relative
to another. This value can be interpreted as the ability
to predict one time series using another as a source
of information. The nonlinear correlation coefficient has
already been used quite successfully in climatology [19].
The significance of the correlation between the wavelet-
filtered series was evaluated using a statistical experiment
described in Ref. [20].

2. Results and discussion

The calculation results are listed in the Tables 1 and 2.

The bold numbers in both tables describe the correlation
coefficients, the significance of p (probability of null
hypothesis) which are less than 0.32 (level 1o). Large
bold numbers — p < 0.10.

The calculations have shown that, although the signifi-
cance of correlations is low in both cases, it is significantly
higher for nonlinear correlation than for linear correlation.
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Table 1. Coefficients of linear correlation between temperatures in the Northern hemisphere and solar activity, calculated over the last
1—2 millennia. All time series are wavelet filtered in the range of 172—260 years

Source Usoskin Muscheler Horiuchi Steinhilber Usoskin Egorova
etal. [5] etal. 2] etal. [3] etal. [4] etal. [7] etal. [6]
Moberg etal. [10] | —0.03 (> 0.32) | —0.06 (> 0.32) | —0.05 (> 0.32) | 0.18 (> 0.32) 0.42 (0.22) 0.10 (> 0.32)
Lochle [11] 022 (> 0.32) | 0017 (> 0.32) | —0.11 (> 0.32) | 0.12 (= 0.32) | 031 (> 0.32) | 025 (> 0.32)
Christiansen, —0.04 (> 0.32) | —0.29 (> 0.32) | 0.04 (> 0.32) | 0.20 (> 0.32) | —0.18 (> 0.32) | 0.07 (> 0.32)
Ljungqvist [12]

Schneider etal. [13] | —0.09 (> 0.32) —0.47 (0.12) 020 (> 0.32) | 0.15 (> 0.32) | —0.21 (> 0.32) | 0.15 (> 0.32)
Wilson etal. [14] 0.06 (> 0.32) | —0.11 (> 0.32) | —0.21 (> 0.32) | 0.39 (0.29) 0.06 (> 0.32) | 0.19 (> 0.32)
Guillet etal. [15] 0.06 (> 0.32) | —0.28 (> 0.32) | 0.04 (> 0.32) | 0.19 (> 0.32) | 0.07(> 0.32) | 0.14 (> 0.32)
Buntgen etal. [16] | —0.24 (> 0.32) | —0.28 (> 0.32) | 0.16 (> 0.32) | 0.08 (> 0.32) | —0.03 (> 0.32) | 0.06 (> 0.32)

Table 2. Coefficients of nonlinear correlation between temperatures in the Northern hemisphere and solar activity, calculated over the
last 1—2 millennia. All time series are wavelet filtered in the range of 172—260 years

Source Usoskin Muscheler Horiuchi Steinhilber Usoskin Egorova
etal. [12] etal. [9] etal. [10] etal. [12] etal. [14] etal. [13]
Moberg etal. [10] 0.64 (> 0.32) 0.59 (> 0.32) 0.64 (> 0.32) 0.67 (> 0.32) 0.81 (0.07) 0.55 (> 0.32)
Loehle [11] 0.64 (> 0.32) 0.72 (> 0.32) 0.64 (> 0.32) 0.62 (> 0.32) 0.71 (> 0.32) 0.61 (> 0.32)
Christiansen, 0.53 (> 0.32) 0.64 (> 0.32) 0.65 (> 0.32) 0.63 (> 0.32) 0.59 (> 0.32) 0.55 (> 0.32)
Ljungqvist [12]

Schneider etal. [13] 0.63 (> 0.32) 0.67 (> 0.32) 0.65 (> 0.32) 0.68 (> 0.32) 0.63 (> 0.32) 0.57 (> 0.32)
Wilson et al. [14] 0.70 (0.23) 0.66 (> 0.32) 0.76 (0.15) 0.74 (0.18) 0.68 (> 0.32) 0.67 (> 0.32)
Guillet etal. [15] 0.61 (> 0.32) 0.68 (> 0.32) 0.63 (> 0.32) 0.69 (> 0.32) 0.56 (> 0.32) 0.61 (> 0.32)
Buntgen etal. [16] 0.64 (> 0.32) 0.65 (> 0.32) 0.62 (> 0.32) 0.66 (> 0.32) 0.70 (> 0.32) 0.67 (> 0.32)

In only two cases out of 42, the probability of a null
hypothesis for the linear correlation coefficient turns out
to be less than 032 (1o) and in no case it is less
than 0.1. For the nonlinear correlation coefficient, the
significance is less than 0.32 in four cases, and a fairly high
level of significance is achieved p = 0.07 for the series [7]
and [10]. This indicates that there is a real relationship
between quasi-two-hundred-year variations in temperature
and solar activity, but it is nonlinear. In addition, the solar
signal can be distorted, firstly, by natural climatic noises,
and secondly, by the quasi-two-hundred-year variation in
volcanic activity [2]0.

Conclusions

Statistical analysis of six reconstructions of solar activity
and seven paleoreconstructions of temperature in the North-
ern Hemisphere, covering time intervals up to 2000 years,
has shown that the relationship between quasi-two-hundred-

year cycles in temperature and solar activity may exist, but
it may be nonlinear and distorted by natural variations. In
this case, identifying and studying the solar effect on the
climate turns out to be a difficult task, the solution of
which requires, among other things, a serious improvement
in mathematical statistics methods.
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