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Abstract. The 22-year oscillations of the Earth rotation due to several geophysical processes
in the core-mantle system, oceans, atmosphere and geomagnetic ﬁeld are excited mainly by 22year cycles of the solar activity. These geophysical processes produce their own oscillations of
the Earth rotation with diﬀerent periods around 22 years. The direct and indirect inﬂuence of
the solar activity on 22-year cycles of the Earth rotation are separated from the core eﬀects and
corresponding amplitudes are estimated by means of two approaches. The ﬁrst, direct approach
uses extended time series of Wolf’s numbers with 22-year cycles, determined by sign alternation
of even sunspot cycles. A linear regression between 22-year cycles of UT1 and solar activity
is determined and this regression model is used to calculate the UT1 response to the 22-year
cycles of the solar activity. The second, indirect approach uses 22-year oscillation of the mean sea
level, caused by water evaporation due to variations of the total solar irradiance. The inﬂuence
of the mean sea level variations on the Earth rotation is calculated by means of an empirical
model of global water redistribution. The core-mantle eﬀects on the 22-year UT1 variations are
determined by excluding the UT1 response to the solar activity and core angular momentum
due to the geomagnetic ﬁeld variations, according to the solutions from the Special Bureau of
the Core (SBC).
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1. Introduction
The variations of the Earth rotation are mainly caused by the inﬂuence of the Moon,
Sun and planets, displacements of matter in diﬀerent parts of the planet and other excitation mechanisms. The most powerful source of these oscillations is Sun, which solar
activity cycles can drive great number of geodynamical processes connected with the
convections of the Earth ﬂuids on the surface and inside the Earth. Many of climate and
weather parameters are aﬀected directly by the variations of the solar activity. The common 22-year cycles of Earth rotation, solar activity and mean sea level are investigated
here by means of the existing long time series of the Universal Time UT1 (1623–2005),
based on the solution of Stephenson & Morrison (1984); the Wolf’s numbers since 1749
and the Mean Sea Level (MSL) in Stockholm since 1774 (Ekman 2003).

2. Common 22-year cycles of UT1 and mean sea level
A signiﬁcant part of the UT1 oscillations with period 22 years are excited by the
climatic variations, due to the solar activity cycles with the same period. The energy
407
https://doi.org/10.1017/S1743921309993000 Published online by Cambridge University Press

408

Y. Chapanov, J. Vondrák & C. Ron

source of this process is the Total Solar Irradiance (TSI) variations with maximal amplitude 0.2W/m2 , which provide an additional water evaporation and global mean sea level
oscillations, synchronized with the global water redistribution and corresponding change
of the ice thickness at the polar caps (Chapanov & Gambis 2008). The common cycles of
the UT1 and Mean Sea Level (MSL) variations are extracted from the Fourier approximation of the available data for the period 1800-2000 and combination of the oscillations
with periods from band 20-25a (Fig. 1,a, Chapanov et al. 2008). UT1 data from star
occultation and MSL data from Stockholm maregraph are used. The 22-year MSL and
the delayed UT1 cycles are highly correlated with coeﬃcient –0.81 and linear regression
(Fig. 1,b) ΔUT1= –41ΔMSL + 2.4 [ms/mm]. This result points out to some dependence
between the MSL variations and total UT1 oscillations, dominated mainly by the liquid
Earth core eﬀects. It is possible to determine UT1 response to 22-year solar cycles by
applying a regression coeﬃcient –17.5ms/mm to the MSL variations. This coeﬃcient is
determined in (Chapanov & Gambis 2009) with accounting the proportion of 70% of
evaporated water, redistributed over the polar ice and 30% - over the continents. The
resulting time series is shown in Fig. 1,c together with the 22-year core eﬀects on UT1
oscillations, determined from the total UT1 variations after excluding the solar activity
inﬂuences.

Figure 1. Common 22-year UT1 (solid line) and MSL (dashed line) cycles for the period
1800-2000 - (a); their linear regression - (b); separation of 22-year cycles of the Earth rotation,
due to TSI variations (solid line) and liquid Earth core eﬀects (dotted line) - (c).

3. Common 22-year cycles of UT1 and extended Wolf ’s numbers
The separation of 22-year cycles of the Earth rotation, due to solar activity and core
eﬀects by means of MSL data, shown in Fig. 1,c yields rather smoothed time series with
no high-frequency details. It is possible to improve the resolution by means of extended
22-year Wolf’s numbers cycles Wn /22a ) determined by sign alternation of 11-year Wolf’s
numbers cycles (Fig. 2,a).

Figure 2. Extended time series of 22-year solar activity cycles (dotted line), determined by sign
alternation of Wolf’s numbers cycles (solid line) - (a); comparison between the 22-year cycles of
UT1 (solid line) and extended Wolf’s numbers (dashed line) for the periods 1750–2005 - (b).

Comparison between the 22-year cycles of UT1 and extended Wolf’s numbers shows
good agreement for the periods 1750-2005 (Fig. 2,b), where the linear regression is
ΔUT1= 6.4Wn /22a + 1.1 [ms] (Fig. 3,c). This regression reﬂects the possible dependence between the solar activity and total UT1 oscillations, dominated mainly by the
liquid Earth core eﬀects. The UT1 response to 22-year solar cycles is determined by linear
regression between the MSL and Wn/22a variations for the period 1800-2000 (Fig. 5)
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ΔMSL=–0.074Wn /22a + 0.26 [mm], and according to the results in (Chapanov & Gambis
2009), the ﬁnal regression coeﬃcient between UT1 variations and Wn /22a is 1.3ms. The
separated solar and core eﬀects of 22-year UT1 oscillations are presented in Fig. 3,d.

Figure 3. Comparison between Wn / 2 2 a (solid line) and 22-year cycles of MSL (dashed line) (a); their linear regression - (b); linear regression between UT1 and Wn / 2 2 a - (c); separation
of 22-year cycles of UT1, due to solar activity (solid line) and liquid Earth core eﬀects (dotted
line) - (d).

4. Conclusions
• The inﬂuence of 22-year cycles of the solar activity on the Earth rotation variations
is determine by analysis of two time series - ﬁrst with the mean sea level data from
Stockholm maregraph station for the period 1800–2000 and second - with an artiﬁcial
Index of 22-year solar cycles, based on the Wolf’s numbers for the period 1750-2005. The
mean sea level data analysis is more realistic, because the long-term MSL oscillations are
physically connected with additional water evaporation due to the total solar irradiance
variations and global water redistribution over the continents and polar ice, following
by the changes of the Earth axial moment of inertia and Earth rotation velocity. The
extended 22-year Wolf’s numbers Index provide longer data, more short-term details
and exact match of cycles duration, but it need future improvement in order to represent
more realistic the amplitude of the TSI variations.
• The direct inﬂuence of 22-year solar cycles on the Earth rotation variations, determined by means of the mean sea level data for the period 1800–2000, is with slow variable
amplitude of UT1 cycles and maximal value of about 0.3s. The core eﬀects in 22-year
UT1 oscillations are with constant amplitude of about 0.66s for the period 1800-1890
and non-linear changes after 1890; close frequency to the solar cycles and constant phase
diﬀerence of about 65 degrees.
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