ITRF by constraining 5 IGS station velocities to their
ITRF 2000 values is 0.5 mm per y. To get a measure
of the real velocity precision, several analysis parame-
ters will be tested, like the total time span of REGAL
measurements, simulations of semi-permanent measure-
ments at permanent stations or non-linear motion of
the sites. The degree of convergence of the velocity
results with adding observation epochs for the semi-
permanent stations will be evaluated. Our first results
indicate that the residual velocities, relative to the sta-
ble foreland, are less than 1 mm per y, and they are con-
sistent with the velocity field calculated for the perma-
nent stations in the western Alps (Nocquet and Calais,
2003, GJI), with a relative extension across the western
Alps. Moreover, a differential displacement is recorded
between the external and the internal Alps, which sug-
gests that the Pennine Frontal Thrust is active, as pre-
viously shown by Nocquet and Calais (2003). Most of
the semi-permanent points have a residual velocity to-
wards the NW, consistent with the geological models
that consider the same propagation of Jura folds and
thrusts to the NW. Moreover, the preliminary calcu-
lation shows that differential velocities (0.5 mm per y)
characterizes the points bordering the Vuache fault, one
of the active faults of the Jura, indicating a pure left-
lateral strike-slip motion on this fault, in agreement
with the seismological and geological data.
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LEGOS/GRGS and CLS have been involved in
DORIS data processing since the launch of Spot-2 in
1990. They are in charge of the scientific analysis of
DORIS data in the field of geodesy, geophysics and
space oceanography. They decided to jointly partici-
pate as Analysis Center for the International DORIS
Service (IDS) which has been officially started on July
1, 2003 as an IAG Service. The goal of this paper is
to present the current activities of the Center realized
with the GINS/DYNAMO software, as well as the re-
cent evolutions brought to the processing. One of the
most important is the contribution of the three new in-
struments launched during the last two years onboard
Jason-1, Spot-5, and Envisat. We will present the con-
tribution of the new satellites to the positioning perfor-
Recently, the first Grace Gravity Model has
been released. We will present results obtained with
this new gravity model.

mances.
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We propose a new observation system of on-line 3-D
positioning which will be deployed on the sea-bottom
of convergent type plate boundaries where large inter-
plate seismic events occurred historically. The system
has observation sites at assigned intervals along opti-
cal fiber cables. Using the several cables, crossing each
other, we can construct a real-time operating network
of triangular base lines. Each observing site on the
cable will be equipped with two-kind high gain instru-
ments i.e., the laser ranging and pressure gauge sen-
sors, as well as additional apparatuses to remove the
influence of temperature and salinity etc. on the data.
Attenuation rate of visible rays in seawater is relatively
smaller at bands of blue-color (wave length; ~ 450nm)
to yellowish green-color (~ 550nm). The attenuation
rate of optical signals of blue to yellow-green color in
highly transparent seawater is 0.1 ~ 0.5 dB/m. If we
can utilize the high power optical laser output of the
blue to yellow-green band for the positioning, the sig-
nals can reach the target receiver station with highly
sensitive detector located at the distance of 10**2 m or
larger. Using additional data of thermal and salinity
fields etc. for compensating refractive index of laser
signal ray path in clean seawater, we may attain the
resolution of laser ranging at an order of 1 mm for each
triangular base line with the total length of 1 ~ 2 km.
The base line consists of several secondary positioning

stations with the spacing of ~ 10**2 m. To improve
the data resolution, we apply signal processing such
as low-pass filtering etc. As is important, we cannot
decompose the change of the base line distance data
into 3-D individual components. We need another kind
data, such as pure vertical coordinate of the position-
ing sites to resolve the 3-D components. To measure
the vertical coordinate of the seafloor stations, we uti-
lize data from the high gain pressure sensor. In the case
of crystallized quartz-based pressure sensor which are
commonly used in several on-line sea-bottom seismic
observation systems in Japan, the resolution of water
depth change is ~ 1 mm being sufficient to detect the
arrival of larger tsunamis or similar phenomena. As a
result of our previous observation based on the crystal-
lized quartz-based pressure sensor, the maximum am-
plitude of pressure change due to tsunamis on the flat
seafloor with the depth of 2 ~ 3 km is approximately
ten-times smaller than that at the tide gauge station
at neighboring open shore. Generally, most of flat sea-
bottom at plate boundary regions are covered with less
consolidated sedimentary layer with variable thickness.
During large shallow seismic events at regional dis-
tances, freely settled sea-bottom stations from the sea
surface may suffer some additional or differential move-
ment(s), especially in the horizontal directions, from
deeper basal rock layer. To get observation data with
high reliability even for long periods including some in-
termittent activity of shallow large earthquakes with
the epicentral distances of several hundred km or less,
we must carefully monitor the position not of instru-
ments landed freely on sea-bottom surface but of those
tightly fixed with the deeper basal rock. Thus, we have
to install and fix observation sites of the network on
deeply rooted boreholes or on tightly coupled tool with
the basal rock layer, as many as possible. To raise the
ratio of the number of observation items vs. the total
system expense, we should add some other geophysi-
cal instruments such as gravity, broad-band seismic, or
electro-magnetic sensors at selected stations.
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We have been developing a system for precise
seafloor geodetic measurement with the GPS/Acoustic
combination technique and deploying about fifteen
seafloor reference points on the land-ward slope of the
major trenches around Japan, such as Japan Trench
and Nankai Trough. Each reference point has four sets
of seafloor acoustic transponders placed in a square.
The primary purpose of our observation is to detect and
monitor the crustal deformation caused by the subduc-
tion of the oceanic plate near the plate boundary. At
each point, we carry out a campaign observation with
several days using a survey vessel of Japan Coast Guard
and revisit it once or twice a year, though the weather
condition often hinders sufficient data acquisition. The
procedure of data analysis consists of following three
different stages as a whole: (1) kinematic GPS analysis,
(2) acoustic wave analysis to obtain round travel time
between the transducer on board and seafloor transpon-
der, (3) a combination of results from (1) and (2) to
get the precise seafloor position. The analysis for (3)
is performed by a linear inversion method based on the
least squares estimation. Acoustic velocities are given
from the CTD measurement as initial values and cor-
rected in the process by using residuals of the travel
time data. Using data from our reference points with
comparatively many observation days, we examine re-
peatability of obtained seafloor positions. For this pur-
pose, we divided data from one campaign epoch into
independent subsets, each with one or two days, and
compared the obtained coordinates. The best result
shows a repeatability of several centimeters in the hor-
izontal components for the averaged coordinates of four
sets of stations.
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In order to monitor seafloor crustal deformation is
one of the most important roles of global strain mea-
surement because about 70 % of the Earth’s surface is
covered with seawater. Additionally, most part of the
plate boundaries and seismogenic zones of interplate
earthquakes are located under the sea. To achieve the
monitoring of seafloor crustal deformation, we have de-
veloped a system with kinematic GPS positioning and
acoustic ranging. We have repeatedly tested for the ac-
curacy of our system in both Suruga Bay and Kumano
Basin, central Japan in 2002 and 2003. The Suruga Bay
is an appropriate site to test the seafloor observation
system because it can be well-surrounded by coastal
GPS reference stations with short baselines < 15km.
In addition, a subduction plate boundary between the
Philippine Sea and Eurasian plates lies in the Suruga
bay, where a large earthquake has been anticipated to
occur in a seismic gap. The Suruga Trough is thus wor-
thy of monitoring the sea-floor crustal deformation. In
the Suruga Trough, we installed two sets of three ocean-
bottom units at depths about 800 m on both sides of
the trough on October 29-30 and November 19-21, 2002,
respectively. In the Kumano Basin, eastern Nankai
Trough, we installed two arrays at about 2200 m depth
on June 12 and July 14, 2003. We measured the slant
ranges between the acoustic transducer on the observa-
tion vessel and those of the ocean-bottom units. Com-
bining ship positions measured by GPS, vessel’s atti-
tudes, and acoustic travel-time data, we determine the
precise locations of ocean-bottom units. Our system
will make it possible to estimate very accurate seafloor
position with acoustic ranging data. During the sur-
vey we also measured two CTD profiles at the same
time over distances 0.1nm to 2 nm, to estimate lateral
heterogeneity of the sea-water sound velocity. On the
basis of such data, the observations enable us to esti-
mate the strain accumulation at those plate boundaries.
We report the evaluation about the locations of ocean-
bottom units and these systematic errors in our whole
observations. The present observation system will at-
tain a centimeter-level resolution of sea-bottom posi-
tion.
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Atmospheric reanalyses are routinely used in geode-
tic applications because of their general reliability and
consistency. Those from the US National Centers for
Environmental Prediction-National Center for Atmo-
spheric Research span over 55 years, including the
whole era during which satellite-based data were avail-
able for ingestion into data assimilation systems. From
this reanalysis system, fields of winds and surface pres-
sures are used to compute excitations for Earth rota-
tion and polar motion and related values of the torques
that transfer angular momentum between the atmo-
sphere, ocean, and solid Earth. Additionally, the sur-
face pressure field closely reflects the atmospheric mass
distribution, important for studies of terrestrial grav-
ity. The reanalyses of the European Centre for Medium
Range Weather Forecasts, first over 15 years, and
scheduled soon for 40+ years, provides an alternate,
and higher resolution, set of such data. These sup-
plement the operational series that provide the state-
of-the-art results at any particular time. To investi-
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gate periods outside those spanned by reanalyses, or
to study how the atmosphere dynamically interacts
with the solid Earth, we turn to atmospheric models
driven by appropriate boundary conditions. For ex-
ample, monthly mean results from 19 different general
circulation models from the second phase of the Atmo-
spheric Model Intercomparison Project, for the period
1979-95, are used to study the relationship of the at-
mosphere to length of day and polar motions. We note
the seasonal and interannual variability of such excita-
tion terms, including the spread among models, which
may be considerable. We seek to determine the most
effective set of physical modeling techniques that yield
the observed (three-dimensional) fields of angular mo-
mentum and the related Earth rotational parameters of
interest. When such models are run for extended peri-
ods of time, they may used to estimate the angular mo-
mentum over century-long periods; an example of such
a model is that of the U.K. Hadley Centre. Lastly, cou-
pled atmosphere-ocean models are necessary to under-
stand the fluids’ angular momentum and mass balance
and geodetic implications. Future global warming sce-
narios have been simulated with these models and orga-
nized in the Coupled Model Intercomparison Project.
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The physical processes that drive intraseasonal
equatorial atmospheric angular momentum (EAAM)
fluctuations are examined with data from an aqua-
planet GCM run and with NCEP/NCAR reanalysis
data. The GCM has an all-ocean lower boundary with
a zonally symmetric sea surface temperature field. The
EAAM budget is dominated by the equatorial bulge
torque in both the GCM and in observations. For
the GCM and the atmosphere, both components of the
EAAM vector exhibit a strong spectral peak near a pe-
riod of 10 days. An analysis with the linearized shallow
water model equations on the sphere shows that this
10-day period can be interpreted as arising from the
westward propagation of a free, antisymmetric, zonal
wavenumber one, Rossby wave. The amplitude fluc-
tuations of the EAAM vector are found to be related
to tropical convection in both the GCM and the at-
mosphere. For the GCM, this convection is associ-
ated with an equatorial mixed Rossby-gravity wave. In
the atmosphere, in addition to mixed Rossby-gravity
waves, EAAM amplitude fluctuations are also related
to both the Madden-Julian Oscillation (MJO) and to
constructive and destructive interference between the
propagating and stationary components of EAAM vec-
tor. The latter two processes arise because of the large,
nonzero, seasonal mean values of the components of the
EAAM vector. The above findings collectively suggest
that the latent heat release in the tropics excites pole-
ward Rossby wave propagation which alters the ampli-
tude of the EAAM vector.
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We estimate oceanic contributions to polar mo-
tion and length-of-day (LOD) variation using out-
puts from a data assimilating ocean general circula-
tion model (OGCM) and sea level anomalies derived
from TOPEX /Poseidon satellite radar altimeter obser-
vations over a 9 years’ period (1993 - 2001, with steric
effects removed using the model). Both altimeter de-
rived oceanic mass variations and data assimilating
OGCM estimates indicates that the oceans play an im-
portant role in driving the Earth rotational change,
especially in polar motion and at intraseasonal time
scales. The results from this study show considerable
improvement in the agreement between observed polar
motion and LOD excitations (after atmospheric effects
are removed) and contributions from the ocean, when
compared with results from previous studies.
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The Earth rotates about its axis once a day, but
does not do so uniformly. Instead, the rate of rotation
fluctuates by up to a millisecond per day, and the Earth
wobbles as it rotates. The principle of conservation of
angular momentum requires that changes in the rota-
tion vector of the solid Earth must be manifestations of
(a) torques acting on the solid Earth or (b) changes in
the mass distribution within the solid Earth, which al-
ter its inertia tensor. Angular momentum is exchanged
between the solid Earth and the fluid regions (the un-
derlying liquid metallic core and the overlying hydro-
sphere and atmosphere) with which it is in contact;
concomitant torques are due to hydrodynamic or mag-
netohydrodynamic stresses acting at the fluid / solid
Earth interfaces. Here, the principle of conservation of
angular momentum is used to study the effect on the
Earth’s orientation of changes in the mass distribution
and motion of the atmosphere and oceans that have oc-
curred during the past 50 years. The winds and surface
pressure fields of the NCEP/NCAR reanalysis project
are used to model the time varying angular momentum
of the atmosphere since 1949. The NCEP/NCAR re-
analysis surface fluxes are also used to force a model
of the global oceans. The time varying angular mo-
mentum of the oceans since 1949 is computed from the
resulting oceanic currents and bottom pressure fields.
The modeled atmospheric and oceanic angular momen-
tum series are then compared to observed changes in
the Earth’s orientation. The agreement between the
observed and modeled Earth orientation variations is
shown to improve as the accuracy of the BEarth rota-
tion observations and atmospheric and oceanic models
has improved during the past 50 years.
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Net melt-water inflow defined here as the additional
mass (B) contributed by glaciers to the water cycle
and to the ocean resulted from negative mass balance
of glaciers averaged worldwide. Net melt-water inflow
has been contributed of about 20-30% of total rise
in the sea level, but (B) believed to be the dominant
component of mass flux, because the steric component
does not contribute into this. Acceleration in (B) flux
from glaciers to the ocean, observed directly over the
last decades, may affects the changes in gravitational
field and oblateness of Earth, and may regionally af-
fects of water salinity, temperature and circulation. I
use here the results of direct measurements of (B) from
about 300 individual glaciers worldwide averaged by
mountain and subpolar systems to show acceleration
in glacier contribution to mass input to the ocean
over the last decades. I will also show on how this
input shifts in time from the Northern and Southern
hemispheres.
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Significant interannual variations have been ob-
served from the multi-satillite SLR solutions of the
Earth’s oblateness, known as the Jo time series, by the

Texas CSR group (Cheng & Tapley, submitted) with a
time span from 1975 to the present, as well as by our
independent analysis of the Godard series (courtesy of
Ben Chao for the data) with a time span from 1979 to
the present. These variations are closely related to the
ENSO events as evidenced by their apparent correla-
tion, not perfect though, with the Southern Oscillation
Index. Our preliminary analysis shows that the ENSO
signature in the atmospheric circulation is not adequate
to account for up to 50% of the interannuals in the Jo
series. In contrast, the atmosphere contributes better
than 80% of the observed time variation of the Earth’s
rotation rate i.e. the length of day (LOD) at the ENSO
time scale, mostly from the thermally driven eastward
wind fields (e.g. Zheng et al, 2003). We normalize the
LOD and Jg series by making the maxima in both data
sets units, and make a comparison. A strong corre-
lation is found between the LOD and Jp. It is ap-
parently due to a common cause from the ENSO. At
the same time, noticeable differences are observed, es-
pecially with the phases. These differences are ulti-
mately attributed to the ocean-atmosphere interaction
during the ENSO events. As a preliminary study, we
calculate the oceanic contribution to the interannuals
of LOD and Jg by running a high-resolution state-of-
art self-consistent and volume conserving ocean numer-
ical model with realistic atmospheric forcing. A simple
model for the ocean-atmospheric interaction will be em-
ployed to calculate the changes in the wind and pres-
sure fields. Solid Earth deformation induced by the
bottom pressure change is also considered in the mod-
eling. Correlation analysis are conducted between the
”fully model” ENSO driven LOD and Jg. Comparisons
between the observed and modeled correltions will be
presented.
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The present satellite missions CHAMP and GRACE
and the future GOCE satellite will allow to determine
the gravity field of the Earth with high spatial and tem-
poral resolution. A short overview about the present
state of these missions will be given. As these satel-
lites will play an important role for the new IAG lead
project IGGOS (Integrated Global Geodetic Observing
System) the relation between geometry and rotation
of the Earth and it’s gravity field will be described
with respect to the interactions of the various compo-
nents of system Earth. Mass redistribution, changes
of the geometry and variations of the density are com-
mon causes for variations of Earth rotation and of the
gravity field. Mass redistribution in surface fluid en-
velopes, e.g. in the oceans and in continental water
reservoirs (soil moisture, snow cover, and groundwa-
ter), in the cryosphere, and to a small amount in the
atmosphere could cause such variations that occur on
very different time scales. As CHAMP and GRACE
shall produce monthly gravity field solutions all short-
term (hourly to weekly) atmospheric, oceanic and hy-
drological mass variations have to be taken into account
because these mass variations cause time variant forces
acting on the orbiting satellites. For this process, called
de-aliasing, appropriate models of the mass variations
are required that could be validated by observed short
period EOP variations. Vice versa, medium and long
periods detected in the gravity field could be taken
for comparison and validation of EOP variations in the
particular frequency band. The continental water stor-
age change was studied using a model based on assim-
ilated soil moisture and snow accumulation data from
the NCEP/NCAR reanalysis with a Gaussian scheme
grid of 1.875° in longitude and about 1.905° in lati-
tude. The soil moisture data include two layers from
the surface to 200 cm in depth. The Stokes time se-
ries were calculated up to degree two. Using the trace
of the Earth inertia tensor as well as C20 changes, the
variations of the EOP due to this continental hydrology
model are shown.
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