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A fully  three-dimensional, nonlinear, time-
dependent, multi-layered spherical kinematic dynamo
model is used to study the effect on the observable
external magnetic field of flow in a stable layer above
a spherical turbulent dynamo region. For a rapidly
rotating planet with sufficiently large magnetic and
ordinary Reynolds numbers it is reasonable to assume
that turbulence in the magnetic field generation re-
gion is associated with an « effect having a symmetry
reflecting the rapid rotation. In this case, we would
expect the observed planetary magnetic field to be
predominantly a dipole aligned with the rotation axis.
Except for Saturn, observed planetary magnetic fields
are more complicated. We show that the structure
of the observed field is essentially determined by the
flow in the overlying stable layer. It is also shown
that a strong-field planetary dynamo can be readily
produced by the circulation in a stable layer above the
turbulent convective region. Such stable layers might
exist at the top of the Earth’s core due to chemical
or thermal causes, in the cores of other terrestrial
planets for similar reasons, and in Saturn due to the
differentiation of helium from hydrogen. An electri-
cally conducting and differentially rotating layer could
exist above the metallic hydrogen region in Jupiter
especially if the observed near surface zonal winds
extend to great depth. Lateral temperature gradients
resulting in thermal winds drive the flow in the stable
layers. It is the amplitude and structure of the flow in
the stable layer that mainly determines the nature of
the observable magnetic field. Saturn’s axisymmetric,
rotation-aligned dipole field could indicate either the
presence of axisymmetric flow in an overlying stable
shell (Stevenson, 1982) or the absence of such a stable
layer. The structure of the Barth’s magnetic field
could simply reflect the structure of stable-layer ther-
mal winds driven by lateral thermal heterogeneity in
the lower mantle. Planetary dynamos might have more
in common with the solar dynamo than is generally
thought. It is the differential rotation in the solar
tachocline below the turbulent convective dynamo re-
gion that largely determines the characteristics of the
solar magnetic field. A unified model could therefore
explain all solar system dynamos. Stevenson, D.J.,
Reducing the non-axisymmetry of a planetary dynamo
and an application to Saturn, J. Geophys. Astrophys.
Fluid Dyn., 21, 112-127, 1982.
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The Earth rotation and orientation are observed
with very high precision techniques. Scientists are us-
ing the accumulation of recent data in order to get in-
formation about the Earth rotation variations: length-
of-day (LOD), polar motion and nutations. The core

has a large influence on the LOD at decadal timescale,
and in the nutations. In particular the analysis of the
Earth orientation in space from Very Long Baseline
Interferometry, has provided the scientific community
with information about the coupling between the inner
core and the outer core and between the liquid core and
the mantle at the nutation timescale. It also provides
the values of the rotational normal mode periods and
amplitudes. The paper will review the situation.
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Electric field observations by using 1,000 km scale
submarine cables have been performed since early
1990’s. One of the main purposes of the observations is
to obtain observational constraints on the dynamics of
Earth’s core such as the strength and the distribution
of the toroidal magnetic field and its variation at the
core mantle boundary. Several constraints have been
obtained until present, but the electromagnetic plausi-
bility of them has not been examined. In this presen-
tation, electromagnetic field variations generated by a
simple spherical mean-field kinematic dynamo within
an electrically conducting mantle are discussed. The
field variations are assumed to be generated by perturb-
ing a steady az—dynamo with nearly cylindrically sym-
metric zonal oscillating flows (i.e. torsional oscillation
type flows) having period of 30 years. It is confirmed
that the kinematic dynamo can generate the observed
amplitude of electric voltage variation (~100mV) nat-
urally. The amplitude of voltage variation is controlled
mainly by the energy state of the dynamo, i.e., the
magnetic Reynolds numbers, and the strength of the
toroidal field variation at the CMB is determined by
the magnetic Reynolds numbers and the conductance
of the D'/ layer. Potential obstacles for the detection
of the 100mV signal in 1,000km scale submarine ca-
ble voltage variations are the electric voltages induced
by external magnetic field variations (magnetotelluric
induction) and those induced by ocean flow (motional
induction). Although the magnetotelluric current with
decadal time scales seems negligibly small, the mo-
tional induced electric field variation can be as much
as 100mV for 1,000km scale. It is necessary to know
the time variation of ocean flux in order to discuss the
electric voltages generated in the deep interior of Earth
correctly.
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Motions in the fluid core, observable through varia-
tions in the magnetic field, are known to correlate with
length-of-day changes on decadal timescales. However
the physical mechanism that enables the angular mo-
mentum exchange remains uncertain. Proposed mech-
anisms include electromagnetic, topographic and grav-
itational couplings. We use a finite volume model of
the core-mantle system to investigate each mechanism
with respect to observed properties of the fluid motion.
General observational constraints include fluid veloc-
ities on the order of 10 km/yr, wave-like oscillations
with decadal periods and an associated length-of-day
signal of several milliseconds. Angular momentum ex-
change between the core and mantle has also been pro-
posed to explain length-of-day oscillations at interan-
nual periods. We find that for reasonable values of core
and mantle properties, electromagnetic coupling is too
weak and too dissipative for the observed fluid veloc-
ities to produce the required torques on the mantle.
Similarly, core-mantle boundary topography is likely
too small to produce the required angular momentum
exchange. Gravitational coupling between the mantle
and inner core is the candidate mechanism that best re-
produces the observed behaviour, provided that inner
core viscosity is sufficiently large.
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The fluid motion and the magnetic field in the
Earth’s outer core have small scale components which
cannot be resolved in numerical simulations because
of the small Ekman number and large Rayleigh num-
ber. Many geodynamo simulations have been per-
formed with much larger viscosity or hyper diffusiv-
ity, but more realistic sub-grid scale (SGS) modeling
is required. The influence of sub-grid scale motion and
magnetic field are modeled in magneto-convection sim-
ulations using the nonlinear gradient model by Leonard
(1994). We implement this method using a gaussian
filter in a dynamo simulation code using the finite-
element method. As a preliminary test, we investigated
the contribution of SGS terms in each equation using
the results of a magneto-convection simulation in a cu-
bic domain. We consider a cubic domain with equal
dimensions in three coordinate directions. The direc-
tions of gravity and rotation vectors are parallel to the
z-axis, and a constant magnetic field is imposed in the
y-direction. We investigate magnitudes of the sub-grid
heat flux, momentum flux, Maxwell stress, and induc-
tion terms using the results of the direct simulation.
‘We compared the ratio of running mean square of the
SGS nonlinear terms to corresponding original terms.
The results show that the ratio of the SGS momentum
flux and that of the SGS heat flux are similar. How-
ever, the ratios of the SGS Maxwell stress term and
induction term are approximately 10~2 times of the
ratio of the SGS heat advection and inertia terms. The
results suggest that the SGS modeling for the momen-
tum and heat flux is more important than that of the
Maxwell stress and the induction terms. We will inves-
tigate how these ratios change under the large Rayleigh
number and small Ekman number cases.
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Seismic studies suggest that the bulk of the man-
tle is heterogeneous, with the density varies in depth
as well as in horizontal directions (latitude and lon-
gitude). This density variation produces a three-
dimensional gravity field throughout the Earth. On the
other hand, the core density also varies in both time
and space, due to convective core flow. Consequently,
the fluid outer core and the solid mantle interact grav-
itationally due to the mass anomalies in both regions.
This gravitational core-mantle interaction could play a
significant role in exchange of angular momentum be-
tween the core and the mantle, and thus the change in
Earth’s rotation on time scales of decades and longer.
Aiming at estimating the significance of the gravita-
tional core-mantle interaction on Earth’s rotation vari-
ation, we introduce in our MoSST core dynamics model
a heterogeneous mantle, with a density distribution de-
rived from seismic results. In this model, the core con-
vection is driven by the buoyancy forces. And the den-
sity variation is determined dynamically with the con-
vection. Numerical simulation is carried out with dif-
ferent parameter values, intending to extrapolate nu-
merical results for geophysical implications.
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Advances in space geodesy in the last couple of
decades have made two types of precise geophysical
data available: (i) tidal signals in the Earth’s rota-
tional speed variations and polar motion; and (2) the
contribution of ocean tides to the above signals as pre-
dicted by satellite altimetry derived tide models. The
difference of the two, at all tidal periods (long-periods,
diurnals, and semidiurnals), contains contributions of
the lateral density heterogeneity of the mantle. We de-
veloped an algorithm and conduct the computation us-
ing 3-demensional mantle heterogeneity models derived
by seismological and gravity means (e.g., the SPRD6
model, Isshii and Tromp, 1999). We discuss the impor-
tance of the mantle heterogeneity by comparing with
the earth rotation observations conducted by NASA us-
ing VLBI networks, and the ocean tides model derived
from Topex/Poseidon. In general, the effect from ocean
tides accounts for more than 90% of the observed polar
motion signals in the tidal frequencies, while the effect
from the solid mantle only accounts for less than 10%.
Accounting for the effect from the density heterogene-
ity in the mantle reduced the said discrepancy in the
observed tidal signals. Conversely, the latter signals
therefore provide global constraints to 3D mantle den-
sity models for a better understanding of the internal
dynamics of the solid Earth.
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Using various time series of sets of station coordi-
nates derived from satellite geodetic observations, we
describe the motion of the Earth’s geocenter by the
time series of the origin of the individual data sets in
a common reference frame. The goal of the analysis
of these time series is to extract and compare various
components such as trend, seasonal and irregular com-
ponents. In addition to the comparative analysis of the
individual signals, a noise analysis of the series is per-
formed. The geodetic techniques involved are DORIS,
SLR and GPS, and the respective time intervals are
monthly, weekly and daily.
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Analysis of the IERS pole coordinates data in po-
lar coordinate system shows energetic oscillation with
a period of 6-7 years in polar motion radius and ve-
locity. This 6-7 years oscillation is a beat period of
the Chandler and annul oscillations and it is variable
mostly due to variable phase of the annual oscillation
of polar motion. It has been found that the increase of
the annual oscillation phase is associated with the in-
crease of the envelope of the Chandler oscillation. This
may suggest that the Chandler wobble may be excited
by the variable annual oscillation of polar motion which
is excited by the atmospheric and oceanic angular mo-
mentum. Some correlations of this beat period and the
annual oscillation phase/amplitude with Nino indices
were also detected.
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Using Satellite Laser Ranging (SLR) data, the 3-
dimensional quality of the International Laser Rang-
ing Service (ILRS) network coordinates can be objec-
tively evaluated to the few millimeters (mm) level. SLR
was used to define the ITRF200 origin and scale and
its rate. Certain SLR sites in ITRF2000, which had
performance problems or short occupational histories,
do have questionable coordinates and velocities (e.g.
Riyadh, Beijing). The standard error associated with
a coordinate set is one-way to quickly access its qual-
ity, but in reality the TRUE’ coordinate error could
be an order of magnitude larger than the standard er-
ror. Another way of performing a site coordinate re-
ality check it by treating any site with a height rate
larger than a few mm per year as potentially suspect.
For example, Beijing and Riyadh height rates of +23
and -17 mm per year; respectively, immediately raises
concern. For a given site, the geometry of the ground
tracks from LAGEOS and Jason ranging coupled with
pass-by-pass range and time bias estimates from global
short arcs (i.e. 1-3 days) can be examined to deter-
mine the accuracy of the horizontal components of the
coordinates. To determine the accuracy of the vertical
component involves simultaneously estimating station
positions and range biases every 28-days for a period
of at least a few months. Currently, Riyadh ITRF2000
coordinates at epoch 2003 are in error by 10 centime-
ters (cm) in both North and Up and 5 cm in East. Two
SLR analysts groups (ASI and CSR) have computed
new Riyadh positions using LAGEOS and a combina-
tion of LAGEOS and Jason data, respectively. Their
coordinates agree to a 3 cm, lcm, and 2cm in North,
East, and Up, respectively. We will use the global SLR
LAGEOS and Jason normal point data sets in 2002 and
2003 to resolve which Riyadh coordinate set is more ac-
curate.
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Are satellite geodesy techniques currently able to
accurately measure the geocenter motion? We try to
discuss this question using the geometric method based
on the three translation components of the 7 Helmert
transformation parameters under minimum constraints
condition. Geocenter motion estimates as results from
independent combinations of time series of station pos-
tions available in weekly sinex files from SLR, GPS and
DORIS techniques will be compared. Expecting a few
millimeter variations, care should be paid to the analy-
sis strategy used for geocenter motion estimates, being
intimately dependent on the datum definition of the un-
derlying Terrestrial Reference Frame (TRF). The most
challenging task is then to be able to de-correlate geo-
center motion signal from other computational artefact,
being often inherent to the TRF implementation. We
concentrate mostly on seasonal variations, more easily
detectable by satellite geodesy than the secular part
believed to be slow over a time period larger than the
available data span. Some conclusions will be drawn
and implications for IERS, in particular the next ITRF
solution and the Global Geophysical Fluids Product
Center, will be addressed.
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The origin of the International Terrestrial Reference
System (ITRS) is defined as the center of mass of the
Earth, including solid earth, hydrosphere and atmo-
sphere. In order to realize the origin for a TRF it is es-
sential to analyse the contribution of the different space
techniques (SLR, DORIS, GPS). This is important to
detect systematic differences caused by deficiencies in
the modelling of parameters that are correlated with
the origin (e.g. orbit errors). Incorrect realisations of
the origin cause common errors in the station coordi-
nates of the entire network. Reversely common vari-
ations of the station coordinates may be transformed
into changes of the origin. The goal of this paper is to
analyse those effects. We use weekly network solutions
of the different techniques. We processed a SLR solu-
tion at DGFI over eleven years using LAGEOS 1 and
2 data and applyied the latest models. GPS solutions
were obtained from IGS and weekly DORIS solutions
from the joint IGN/JPL analyis center. We investigate
common signals in the coordinate time series that can
be interpreted either as station position variations or
origin variations. We compare these time series of the
different techniques regarding offsets, periodic or non-
linear effects. We analyse the strengths and weaknesses
of the techniques to realise the origin parameters and
the effect of the network distribution. Finally we dis-
cuss the impact of these results for a TRF combination
from weekly network solutions.
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In October 2001, a very large ring laser gyroscope
with an area of 16 m? was inaugurated at the Funda-
mental Station in Wettzell, Bavaria. Large gyroscopes
with areas of 1 m2, 16 m2, and 367 m2 are also opera-
tional at the University of Canterbury in Christchurch,
New Zealand. These ring lasers, measuring the fre-
quency difference between two counter-rotating laser
beams, are now approaching a precision of 10 ppb for
geophysical signals with periods of less than 2 days and
therefore allow the monitoring of variations in Earth
rotation (polar motion and length of day) in the high-
frequency spectrum. For the first time, forced diur-
nal polar motion (also called ” Oppolzer terms”, caused
by the gravitational attraction of Sun and Moon) with
variations up to 20 mas (60 cm on the Earth’s surface)
can directly be measured. This is a novelty, because
with the space geodetic techniques like VLBI, GPS,
SLR/LLR, and DORIS, nutation and forced diurnal po-
lar motion cannot be separated. With a few months of
data stemming from the two most accurate ring lasers,
the amplitudes of the largest terms of forced diurnal
polar motion have been determined with a precision of
about 1 mas. The results are discussed and compared
to theoretical models.

URL: http://www.wettzell.ifag.de
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