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Abstract: Earth rotation rate varies on different time-scales — from centuries to days. The seasonal
nontidal variations in the Earth rotation rate, or the length of the day (LOD), are believed to be fully explained by
large-scale atmospheric motions caused by the temperature differences between the summer and the winter
hemispheres. A connection is also supposed between the decadal LOD variations and changes in atmospheric
circulation. We demonstrate that the Earth rotation is different in positive and negative solar polarity cycles,
therefore even on these time-scales the Earth-atmosphere system is not closed. The correlation between the
decadal variations in LOD and atmospheric circulation changed in the beginning of the XX century, so there is no
direct relation between the Earth rotation and large-scale atmospheric circulation on decadal time-scales, rather
they are both modulated by solar activity. We look for an explanation for the solar activity influences on the Earth
rotation and on the atmospheric circulation
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Knroyoeu dymu: CnbHYesa akmusHocm, npodbmkumenHocm Ha 0eHs, ammocghepHa Uupkynauus

Pe3rome: Ckopocmma Ha ebpmeHe Ha 3emsima ce MeHU 8 pa3fuyHu epemesu Mauwjabu — om eekose 00
OHu. lMpuema ce, Ye ce30HHUME He-NPUMUBHU 8apuayuu 8 CKOpocmma Ha ebpmeHe, unu Ob/kuHama Ha OeHsl
(Length Of the Day, LOD), HanbriHO ce obsicHsigam ¢ eOpomawabHu ammocghepHuU d8uUXeHUs, npedu3suKkaHu om
memnepamypHUMe pasfuku Mexaoy fIssImHOmo U 3UMHO nosykbbo. [Npednonaza ce, ye cbujecmsysa U 8pb3Ka
mexdy decemunemHume gapuayuu Ha LOD u usmeHeHusima 8 ammocghepHama yupkynauyusi. Hue nokaseame,
4ye cKkopocmma Ha ebpmeHe Ha 3eMmsima e pasnuyHa 8 UUKMU C MOofoXumenHa u ompuyamenHa MagHUmHa
nonspHocm Ha CribHYyemo, cnedosamenHo 0opu 8 me3su epemesu Mawabu cucmemama 3emsi-ammocghepa He e
3ameopeHa. Tbpcu ce 0bsiCHeHUEe 3a 8/IUSHUeMO Ha CiTbHYeg8ama akmueHOCM 8bpxy 8bpmeHemo Ha 3emsima u
ammocghepHama yupKynayusl.

Introduction

Seasonal nontidal variations in the Earth's rotation rate, or the length of the day (LOD), are
explained by the action of the atmospheric “interhemispheric heat machine”, fed by the temperature
differences between the summer and the winter hemispheres [1]. In July and in January, when the
temperature difference between the two hemispheres is greatest, the Earth rotates fastest. The
temperature difference in July is bigger than in January because the Northern hemisphere is on
average warmer than the Southern one, so the Earth rotates faster in June than in January. In April
and in November, when the temperature in the two hemispheres is almost equal, the rotation rate is
minimum — Fig. 1.

Attempts have been also made to explain the interannual to decadal LOD changes by long-
term changes in atmospheric circulation. Loginov [2] demonstrated a satisfactory agreement between
the changes in the number of days with zonal types of circulation and in the angular velocity of the
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Earth's rotation. According to other authors, on the contrary, changes in atmospheric circulation are
caused by changes in the Earth's rotation rate. Monin [3] commented that a change in the Earth's
rotation rate could lead to a change in the extend of the trade winds and Rossby waves, and to
changes in the equator/pole temperature contrast, hence the zonality of atmospheric circulation.
According to [4], changes in the rotation rate cause a deformation in the sea surface resulting in a
slope toward the pole or toward the equator. If the slope is toward the pole, the ocean currents like
Gulfstream and Kuroshio strengthen and more warm water is transported to the pole, the equator/pole
temperature contrast decreases, and so does the zonal circulation.

Fig. 1. Annual variations of LOD in ms for the period 1962-2000

Whatever the cause-effect consequence, all studies proving the relation between the Earth’s
rotation rate and atmospheric circulation are confined to the Northern hemisphere and cover only the
20" century, because of data limitations. In the present paper we use proxy data to extend this study
to the middle of the 19" century and to include the Southern hemisphere as well.

Data

The intensity of zonal circulation is determined by the temperature contrast between the
equator and the pole. So, as an indirect measure of the strength of the zonal circulation we use the
temperature difference between the equatorial and polar regions in both hemispheres. The longest
data-set providing zonaly averaged mean annual temperatures is the one of the Goddard Institute for
Space Science [5], from which the annual mean temperature anomalies with respect to the base
period 1951-1980 averaged over the zones 64-90N and 64-90S were taken as the Northern and
Southern polar temperatures, respectively (NP and SP), and over the zone 24N-24S — as the
equatorial temperatures (EQ). The 64—90N and 24N—-24S temperature anomalies are evaluated since
1866, and the 64-90S one — since 1903. Therefore, our EQ-NP temperature differences were
calculated for the period 1866—2000, and EQ-SP — for the period 1903—-2000. To validate them, they
have been compared to the ones calculated from another long-term data-set, of the St.Peterburg State
Hydrological Institute [6] giving the Northern hemisphere zonal means from 1880 to 1987 and the
Southern hemisphere ones — from 1957 to 1987. The EQ-NP temperature differences derived from
the two data-sets agree within 97.7% with p < 0.01, and the EQ-SP ones — within 88.9% with
p <0.001.

The Earth’s rotation rate was estimated by the LOD measurements provided by the
International Earth Rotation Service through their web-site http://hpiers.obspm.fr. LOD is defined as
the difference between the astronomically determined duration of the day and 86,400 Sl s
(24 h*60 min*60 s). The mean annual values of LOD are available since 1623. The accuracy of
determination of LOD varies throughout this period, after 1840 the error being less than 0.6 ms [7] and
small enough to relate to the atmosphere [8]. The decadal oscillations obvious in time-series derived
from different types of observations agree fairly well to be concluded that they are a real feature of
LOD [9].

Earth rotation

In Fig. 2 the seasonal cycle of the Earth rotation is presented for negative polarity solar cycles
(NPSC) and positive polarity solar cycles (PPSC) defined as years of solar activity minimum +/- 2
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years [10]. The curves are derived by the superposed epochs method from monthly averaged values
of daily LOD.

Fig. 2. Same as figure 1 for PPSC (solid line) and NPSC (broken line), together with the error bars

As on decadal time-scales, the Earth rotates faster in periods with bigger North-South
asymmetry of solar rotation (NPSC). Besides, as can be noted in Fig. 2, the greatest differences in the
seasonal variations of the Earth rotation between PPSC and NPSC are in spring and in autumn - in
NPSC the Earth rotation rate is almost equal in spring and autumn equinoxes, while in PPSC the
Earth rotates faster in autumn than in spring. Equinox periods, as already mentioned, are the periods
in which the influence of the atmosphere on the Earth rotation is smallest, so the effects of other
forces can be best seen then. From the theory of the interhemispheric heat machine it follows that in
autumn Earth should rotate faster than in spring as the temperature differences between the two
hemispheres are greater. Therefore, if some external forces change this picture in the NPSC, they
either accelerate the Earth rotation in spring or decelerate it in autumn. Equinoxes are also the periods
in which the Earth is most exposed to the influence of the solar wind [11], so we could suppose the
solar wind is this external factor, and study its annual variations in PPSC and NPSC.

Atmospheric circulation

The 22-year magnetic solar cycles is evident also in atmospheric circulation. In Fig. 3 the
mean zonal circulation expressed by the temperature contrast between the equatorial and polar
regions is presented for the Northern and Southern hemispheres in odd and even solar cycles. In
even cycles, there is a pronounced minimum in the zonality of the circulation in the Northern
hemisphere in solar activity maximum, and a maximum in the Southern hemisphere 2 years after the
solar activity maximum.

Fig. 3. equator-pole temperature contrast (solid line) in the Northern hemisphere - EQ-NP (top panel)
and in the Southern hemisphere - EQ-SP (bottom panel) and the sunspot numbers Rz (dashed line)
for even (left side) and odd (right side) 11-year solar cycles
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The picture in odd cycles is quite opposite: a deep minimum in zonal circulation is observed in
the Southern hemisphere in years of solar activity maximum, and a minimum in the Northern
hemisphere 2 years after the solar activity maximum. Due to the small number of data samples (5
even and 5 odd 11-year cycles for the Southern hemisphere, Zurich numbers from 14 to 23, and 6
even and 7 odd cycles for the Northern hemisphere, Zurich numbers from 11 to 23), the statistical
significance of this result is not very high, however the differences in the behavior are obvious. This
result bears some similarity to the one in [12] where the dependence of geomagnetic field North-South
asymmetry on the polarity of the interplanetary magnetic field is studied and is found it is different in
even and odd solar cycles.

Solar wind

Solar wind parameters have been measured by a series of spacecraft since the beginning of
the space era, mid 1960’s, and are compiled in OMNI data base of the National Space Science Data
Center http://nssdc.gsfc.nasa.gov/omniweb/. Here we use their monthly averaged daily values.

Bx and By components of the interplanetary magnetic field, as well as the magnetic field
winding angle Blong show pronounced periodicities at about 22 years. In figure 4 the annual cycle of
IMF Bx component is presented in PPSC and NPSC.

Fig. 4. Annual cycle of the IMF Bxcomponent in PPSC (solid line) and NPSC (broken line)

In spring the Earth is at highest Southern heliolatitudes, and in PPSC, in the Southern solar
hemisphere the magnetic field is toward the Sun, so IMF Bx component near the Earth is positive. In
autumn, when the Earth is at highest Northern heliolatitudes, the field is away from the Sun and Bx is
negative.The behavior of By component is opposite to the one of Bx.

Summary

The 22-year periodicity is found in the Earth rotation variations and atmospheric circulation,
coinciding with the 22-year solar magnetic cycle. A 22-year period is also found in the annual variation
of geomagnetic activity [10]. A possible mechanism for the excitation of both LOD fluctuations [13] and
the main driving force for the geomagnetic field variations [14] are considered to be processes in the
core and the mantle. A dominant 22-year periodicity is found in the electromagnetic core-mantle
coupling torques [15]. The 22-year periodicity in solar wind parameters supports the idea that the solar
wind mediates the influence of the solar rotation on the Earth rotation
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