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Abstract—The Earth’s crustal deformations induced by polar motion were revealed by processing the 4-year-
long observations of extragalactic sources using very long baseline interferometry (VLBI) networks within the
framework of the geodetic IRIS program. The estimates of the Love numbers are found for polar motion: h, =
0.65 £ 0.20 and € =0.11 £ 0.05. These estimates fit the theoretical values well.

INTRODUCTION

The Earth is an ellipsoid of revolution, rather than a
sphere, due 'to its response to the centrifugal force
caused by diurnal rotation. Variations in the rotation
rate and position of the rotation axis change this force
and thereby deform the surface of the Earth. Since the
relative variations in the Earth’s rotation rate do not
exceed 107%, and the variations in the polar coordinates
are about 1-4 X 1076 radians (0"'2-0" 8), the change of
the centrifugal force is mainly related to the change in
the rotation axis position within in the body of the
Earth. The variation in the centrifugal potential due to
the displacement of the rotation pole induces the defor-
mations called polar motion [1]; similarly, the variable
tidal potential induces the variable tidal deformations
of the crust.

Wahr [2] noticed that these deformations can reach
a few centimeters and can, in principle, be measured.
Although the changes in the observing station coordi-
nates, which are caused by polar motion, have not yet
been found by direct measurements, the International
Earth Rotation Service (IERS) proposed, in 1992 [3], to
introduce a polar motion correction when processing
high-precision astronomical observations.

Indirect evidence of polar motion is an increase in
the Chandler period compared to the period of free
polar motion in the model of absolutely rigid body. This
increase is mainly caused by the variation in the inertia
tensor due to rotational deformations in the figure of the
Earth. It is determined by the global redistribution of
masses and is proportional to Love number & [1]. This
present paper attempts to determine the local deforma-
tions induced by polar motion from direct VLBI obser-
vations. These deformations are proportional to Love
numbers A and €, as will be shown below.

THEORY

"According to the classical tide theory of an elastic
and oceanless Earth, the displacement vector due to
disturbing potential V can be written in the following
form [4]:
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where u,, u,, and u, are, respectively, vertical, easterly,
and northerly displacement components in the topocen-
tric coordinate system; g is local gravity; @ is the geo-
centric latitude; A is the longitude; V, is the nth har-
monic in the expansion of the disturbing potential in
spherical functions; h, and €, are the dimensionless
Love numbers of the nth order, characterizing the
response of the Earth to the nth harmonic of the disturb-
ing potential.

The centrifugal potential is
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where R is the geocentric vector of the station coordi-
nates and L is the vector of angular velocity of the
Earth. Expressing the angular velocity in polar coordi-
nates £ = wy(X,, —Y,, 1)” and neglecting the squares of
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