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of these algorithms have shown promise in handling
the problem’s intrinsic difficulties, but new difficulties
arise when the dimensions of the interferometric input
data exceed the limits imposed by computer memory
constraints. Similarly, new phase unwrapping strate-
gies may be required when sheer data volumes neces-
sitate greater computational throughput. These issues
are especially important in the contexts of large-scale
topographic mapping projects such as SRTM and the
Alaska DEM Project. We propose a technique for ap-
plying the statistical-cost, network-flow phase unwrap-
ping algorithm (SNAPHU) of Chen and Zebker (2001)
to large data sets. That is, we introduce a methodol-
ogy whereby a large interferogram is unwrapped as a
set of several smaller tiles. The tiles are unwrapped in-
dividually and then further divided into independent,
irregularly shaped reliable regions. The phase offsets of
these reliable regions are then computed in a secondary
optimization problem that seeks to maximize the prob-
ability of the full unwrapped solution, using the same
statistical models as employed in the primary phase un-
wrapping stage. The technique therefore approximates
a maximum a posteriori probability (MAP) unwrapped
solution over the full-sized interferogram. The secondary
optimization problem is solved through the use of a
nonlinear network-flow solver. We examine the perfor-
mance of this technique on a real interferometric data
set, and we find that the technique is less prone to un-
wrapping artifacts than more simple tiling approaches.
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Most scientific and engineering applications of Air-
borne Laser Swath Mapping (ALSM) require precisions
and/or repeatabilities (relative accuracies) of several
decimeters in the horizontal coordinates and a few to
several centimeters in the vertical coordinates of the
point measurements, or ultimately of surface features
derived from the point measurements. Manufacturers
generally use components consistent with this level of
performance and laboratory calibration and testing re-
sults indicate that instrumental errors are within these
bounds. However, field observations include additional
sources of error that can vary significantly from project
to project. Comparisons of results from an ALSM
system operated by the University of Florida (Optech
Model 1210) and ground survey values, on a point-by-
point basis, and as profiles cut from Digital Elevation
Models, consistently yield RMS differences of 30 to 50
cm in horizontal coordinates, and 4 to 8 cm in the verti-
cal coordinates, for points on smooth bare surfaces such
as pavements, roofs, and sand beaches. These num-
bers increase in steep or rugged terrain, and in areas
covered with vegetation. Results from recent projects
will be presented that illustrate the effects of differ-
ent ground covers, including grass, row crops, marsh
grasses, coastal mangroves, open pine and dense mixed
forests. Examples illustrating the use of laser inten-
sity values, multiple stops per pulse, and filtering algo-
rithms, to minimize the degradation caused by ground
cover, will also be presented.

G22C-0225 1330h POSTER

Topographic Change Detection using
Full-waveform Imaging Lidar

Bryan Blair1 (301-614-6741;

bryan@arthur.gsfc.nasa.gov)

Michelle A Hofton2 (301-405-8543;
mhofton@geog.umd.edu)

1NASA/GSFC, Code 924, Greenbelt, MD 20771,
United States

2University of Maryland, Department of Geography,
College Park, MD 20742, United States

The capability of wide-footprint (i.e. 10 m or
greater), full-waveform laser altimeters to penetrate be-
neath dense vegetation to directly measure the sub-
canopy topography provides us with a unique capabil-
ity for sensing topographic change in the presence of
vegetation. We evaluate the feasibility of using a ge-
olocated laser altimeter return waveform instead of in-
dividual elevation measurements to measure vertical el-
evation change within a laser footprint. The method,
dubbed the return pulse correlation method, maximizes
the shape similarity of near-coincident, vertically-
geolocated laser return waveforms from two observation
epochs as they are vertically-shifted relative to each
other. First, we evaluate the inherent accuracy of the
pulse correlation method using models and simulations
under ”bare-Earth” conditions. We then analyze the ef-
fects of vegetation and vegetation growth on the change
detection capability. The use of this method, combined
with order of magnitude improvements to laser altime-
ter swath widths (from 1 km to 10 km) and the poten-
tial for a future spaceborne imaging lidar, may provide
sub-centimeter level relative change detection beneath
vegetation to complement IFSAR’s ability to make sim-
ilar measurements in low or vegetation-free conditions.
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The Airborne Topography Laser Altimetry System
(ATLAS) was flown at high altitude over the Green-
land Ice Sheet in June 1993 in order to simulate the
large footprint (65 m) of the Geoscience Laser Altime-
ter System (GLAS), providing the first laser altimeter
waveforms ever collected over ice. Waveforms are of
critical importance in laser altimetry since they con-
tain information about surface roughness, surface slope
(or equivalently instrument pointing direction) and at-
mospheric effects. These effects all act to broaden the
laser return pulse, making it difficult to separate them.
In principle, knowledge of two of the three effects per-
mits determination of the last one.

Previous studies to separate roughness and slope
have been limited by the assumption of Gaussian re-
turn pulses and inaccurate knowledge of the outgoing
pulse. We present a more general method which neither
places restrictions on the temporal shape of the return
pulse, nor requires knowledge of the outgoing pulse.
We use the waveforms themselves to determine the im-
pulse waveform of the instrument (which includes at-
mospheric broadening and instrument response), using
simultaneous time domain deconvolution. For this pur-
pose, we use several flight sections where the aircraft
banked steeply over relatively smooth terrain, so that
the contribution to broadening due to apparent slope
dominates that due to surface roughness. With knowl-
edge of the roll and pitch angles, we are able to ex-
tract the impulse function from the return waveforms.
If the impulse function is accurately known when slope
is known, roughness can be extracted by deconvolution,
and we test this over parts of the ice sheet. In addi-
tion, this opens the possibility of extracting the wave-
form disto rtions due to forward scattering along the
atmospheric path. This has important applications for
processing GLAS waveforms whose output pulses will
be recorded.
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Large footprint (greater than 10 m wide) laser al-
timetry is a useful technique for mapping topogra-
phy (including sub-canopy), canopy height and verti-
cal structure in densely vegetated areas. In March
1998, the Laser Vegetation Imaging Sensor (LVIS), an

airborne laser altimeter, mapped a ∼800 km2 area of
Costa Rica including the La Selva Biological Station us-
ing 25 m-diameter footprints as part of the pre-launch
activities of the Vegetation Canopy Lidar (VCL) Mis-
sion. To investigate the utility of the lidar technique for
making sub-canopy topography measurements, the pre-
cision and accuracy of the LVIS elevation measurements
from this mission are assessed. Crossover analysis us-
ing laser shots, whose recorded waveforms contain high
amplitude reflections from the lowest reflecting surface,
show a vertical precision of better than 1 m. Compari-
son of the LVIS elevations with coincident in situ ground
elevation data reveals that the measurements are within
∼1.5 m of each other on less than 3 degree slopes. Even
on slopes of up to 30 degrees measurements are within
∼5 m of each other. These are very encouraging re-
sults given that the forests of this region are some of
the densest, most complex on Earth, and that mapping
its sub-canopy topography is near-impossible using any
other remote sensing technique. Given the similarity of
the measurement processes of the LVIS and VCL sys-
tems, these results suggest that the topographic mea-
surements made by the VCL will meet stated accuracy
goals under the majority of measurement conditions.
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The International DORIS Service is on the way to be
established. The dedicated web site (http://ids.cls.fr)
is developed with two priorities : the DORIS system
and its daily operation, the elements needed to initiate
DORIS products generation and distribution.

General and technical DORIS information was ini-
tially available on the ”about DORIS” topic. This topic
is to be completed and moved to AVISO, the web site
for ocean altimetry, DORIS being a main contributor
to the Topex-Poseidon and Jason missions. In addition
two FAQ on both DORIS and IDS schemes have been
added. Information related to the system operation is
obtained with a short delay thanks to a connection to
SSALTO, the multi-mission orbitography and altime-
try center. That way, information about system events
such as satellite orbit maneuvers, changes in the in-
strument mode due to an incident - a single upset for
example -, data gaps is available on line and regularly
updated. Station history plots can be selected for each
satellite, related to the whole network or to a given sta-
tion. Performances of the preliminary orbits and the
operational 2 days station network positioning are also
shown.

Regarding DORIS data and products, the formats
working group has discussed and proposed formats for
preprocessed data, satellite ephemeris, station coordi-
nates and associated times series. For each IDS Analy-
sis Center, the web site gives its identification and its
process strategy description in a standard form. As an
experiment, present available products are satellite or-
bits and station network coordinates.
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In satellite-laser-ranging (SLR) data processing, of-
tentimes the weighting scheme of station observations
is subjective or even quasi-arbitrary, and a somewhat
arbitrary cutoff of say, 1m is applied prior to the data
processing. This practice leaves something to be de-
cided in terms of making optimal use of the available
data. We intend to improve the situation by apply-
ing fuzzy-logic techniques in the editing and weighting
of the data in an objective way. Many authors (e.g.,
Katja Heine (2001) and others in the Proceedings of
the First International Symposium on Robust Statistics
and Fuzzy Techniques in Geodesy an GIS ) have demon-
strated the potential utility of the fuzzy logic methods
in geodetic problems.

The aim of this work is to test a fuzzy logic method
as a tool to provide a reliable criteria for weighting
scheme for satellite-laser-ranging (SLR) station obser-
vations, seeking to optimize their contribution to the
precise orbit determination (POD) problem. The data
regarding the stations were provided by the Interna-
tional Laser Ranging Service, NASA/CDDIS provided
the satellite data for testing the method. The soft-
ware for processing the data is GEODYN II provided
by NASA/GSFC. Factors to be considered in the fuzzy-
logic clustering are: the total number of LAGEOS
passes during the past 12 months, the stability measure
of short and long term biases, the percentage of LA-
GEOS normal points that were accepted in CSR weekly
LAGEOS analysis, and the RMS uncertainty of the sta-
tion coordinates. Fuzzy logic statistical method allows
classifying the stations through a clear membership de-
gree to each station group. This membership degree
translates into a suitable weight to be assigned to ob-
servations from each station in the global solution. The
first tests carried out show improvements in the RMS
of the global POD solution as well as individual sta-
tions, to within a few millimeters. We expect further
work would lead to further improvements.
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A precise geodetic measurement called Key Stone
Project (KSP) has been carried out around the Tokyo
metropolitan area by the Communications Research
Laboratory (CRL), using three modern space tech-
niques: very long baseline interferometry (VLBI), satel-
lite laser ranging (SLR), and global positioning system
(GPS). One of the main objectives of the KSP is to
monitor regional deformation and strain accumulation
in the plate boundary region of the Kanto district. The
VLBI measurements have spaned the last four years and
indicate that the Miura and Tateyama sites are moving
with respect to Kashima at velocities of 17.0 and 20.9
mm/year toward the NNW, respectively. These veloc-
ities obtained by the VLBI measurements agree well
with those obtained by the GPS measurements. More-
over, extraordinary drifts in both VLBI and GPS mea-
surements after the end of June 2000, namely the base-
line length between Kashima and Tateyama were short-
ened by about 5 cm in two months. Similar displace-
ments at four GPS sites (Katsuura, Kyonan, Miura, and
Tateyama) of GEONET by the Geographical Survey In-
stitute (GSI) were also detected. According to the in-
version using half-infinite elastic model, the crustal de-
formation at Tateyama is caused by a dike intrusion
at about 3 km depth and co-seismic offsets between
the Izu islands. On the other hand, it is difficult to
determine the epoch of the rate change based on the
day-to-day solutions of the baseline length since tro-
pospheric delay significantly degrades the precision of
GPS and VLBI. We are now comparing estimated at-
mospheric parameters (equivalent zenith wet delay and
linear horizontal delay gradients) derived from an inde-
pendent analysis of simultaneous VLBI, GPS and wa-
ter vapor radiometer (WVR) observations during the
last two years. We find estimated weighted RMS dif-
ferences below the 10 millimeter level and correlation
coefficients more than 0.8 for the zenith wet delays de-
rived from GPS and WVR. However, RMS differences

between the zenith wet delays derived from VLBI and
those from WVR are more than 50 millimeters. In addi-
tion, the agreement for the estimated horizontal delay
gradients from these three techniques is less clear.
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In geodetic VLBI the observations are performed at
two frequencies (2.3 and 8.4 GHz) in order to correct for
the ionospheric delay. This also allows to get informa-
tion about the total electron content (TEC) of the iono-
sphere from VLBI observables. Due to the large fre-
quency separation the accuracy of the individual VLBI
TEC measurement is higher than that of GPS. Vari-
ous VLBI sessions of the CORE-A network were used
to determine the TEC. The results were compared with
TEC measurements obtained from GPS within IGS. A
very good agreement can be observed, in particular for
baselines longer than 1000km. The TEC measurements
allow to derive ionospheric maps for areas with dense
VLBI networks, e.g. over Europe. For that purpose the
EUROPE VLBI sessions were used with 7-10 stations
observing simultaneously.
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Artifacts caused by changes in tropospheric mi-
crowave delay are a common source of error in SAR
inteferometry. In regions of moderate to high topog-
raphy, this error can amount to as much as four ERS
fringes (∼10 cm). Static GPS geodesy offers the possi-
bility to calibrate this microwave delay, but the efficacy
of this technique is not established. We have tested this
method using data from a temporary 14-receiver GPS
network established on Mt Etna (Sicily) and from the
permanent BARGEN network in the Yucca Mountain
area of Nevada.

We processed the data using JPL’s GIPSY-OASIS II
precise point positioning software and abstracted the
time series of total tropospheric zenith delay at each
site. Next, we estimated coefficients of various poly-
nomial models of zenith delay as a function of position
and altitude using a singular value decomposition lin-
ear least-squares method. In the Mt Etna region, a
simple one-dimensional model as a function of altitude
(two parameters), using as few as two well-distributed
GPS sites, can typically describe 60–70% of the tro-
pospheric variability in the area of the SAR scene. A
more complicated three-dimensional model (up to ten
parameters), using up to ten GPS sites, increases this
figure marginally, to around 75%.

We conclude that a simple empirical model can be
successful in removing tropospheric artifacts, and that
the advantages of a more complicated model, using a
denser network, are marginal. With many deforming
regions now containing permanent GPS networks, this
method offers interesting possibilities even where the
GPS data are sparsely distributed.
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The National Survey and Cadastre - Denmark
(KMS) is responsible for the geodetic definition and ref-
erence network in Greenland. Permanent GPS plays an
important role in the monitoring and maintenance of
the geodetic network. Furthermore, KMS supports the
international GPS infrastructure by supporting IGS.
KMS has established a new permanent GPS station
THU2 in Thule, Greenland in 1999 to have a back up
station for the old IGS station THU1. Now THU2 is a
high quality and high performance station and accepted
for the IGS LEO network. Besides the GPS stations in
Thule, KMS is also running a permanent GPS station
in Illoqqortoormiut on the east coast of Greenland, and
in the fall 2001 a new permanent station is established
in Qaqortoq in southern Greenland. Furthermore, Uni-
versity of Colorado operates the IGS station Kellyville
in Kangerlussuaq on the west coast and a station in
Kulusuk on the east coast.

The THU2 station replaces THU1, which has not
been operating since April 2001. For more than one
year the two GPS stations have been running simulta-
neously and the link between them is analyzed. Also
coordinate time series for both stations are computed
and analyzed. The analysis of the data shows a high
accuracy link between the two stations determined to
the millimeter level.
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The UNAVCO Boulder Facility has a long history of
GPS and data communications development and test-
ing activities. These include receiver and antenna test-
ing, evaluating data communications alternatives, and
hardware and software development. In this paper we
discuss testing of new GPS receivers and antennas in-
cluding the Trimble 4700, 5700, Zepher antenna, the
Ashtech micro Z receiver with geodetic antenna, the
impact of antenna domes on measurement accuracy,
and evaluation of techniques for in-situ multipath mea-
surement and mitigation. Hardware testing and devel-
opment includes new data communications techniques
such as VSAT and TDMA strategies using Freewave
radios, and the development of a low power PC104
data collection computer for DC based permanent sta-
tions, seismic, and single frequency applications. Soft-
ware testing and development includes BINEX data
streaming format, JStream software for stream collec-
tion, and the Facility support for the EGADS/SHARC
data download software.
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It has been pointed out that GPS observation in
mountain areas is usually less accurate than that in
flat areas, especially in the vertical component, when
the height difference among observation sites is large.
It is thought that the decrease of accuracy is caused
by insufficient corrections for tropospheric delay of the
GPS microwave.

In order to investigate the difference of tropospheric
delays at sites located on high mountains and those
at valleys, and furthermore to improve the accuracy of
GPS observation in mountain areas, we have repeated
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GPS measurements since September 1997 at Yamain-
udan (about 1400 m above sea level) near the top of
Mt. Sobatsubu in the Southern Alps of Japan. Their
data were processed with the data at four stations of
surrounding valleys (300 - 400 m) by using GAMIT, to
investigate the relation of the coordinates obtained and
tropospheric zenith delays.

There is a negative correlation between the differ-
ence of tropospheric zenith delay and height difference
between Yamainudan and a site at valley. These re-
sults scarcely change when a mapping function used or
meteorological data are changed.

We also processed some GPS data obtained by the
Geographical Survey Institute (GEONET data) in the
mountain areas. In this case, we can see a positive cor-
relation between the difference of tropospheric zenith
delay and height difference. This correlation may be
caused by the load of snow on the mountain areas.
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We present results of a program to create SAR-like
images using GPS reflected signals. This technique can
be used as a relatively inexpensive remote-sensing tool.
Imaging resolution as a function of geometry and an-
tenna characteristics will be presented. Imaging data
were recorded over Lake Casitas, near Santa Barbara,
CA, over a nearby shoreline, and over the open ocean
using a Cessna 310 flying at 10000 elevation. The GPS
signals were collected using an open-loop recorder op-
erating at 20 MHz, and were processed using a software
GPS receiver. The receiver output is further processed
by a custom SAR-like processor to form images in the
forward scattering direction.
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The Center for Orbit Determination in Europe
(CODE) has been involved in the processing of com-
bined GPS/GLONASS data during the International
GLONASS Experiment (IGEX). Precise GLONASS or-
bits were computed with an accuracy better than 20
cm for a time span of almost two years. Due to the un-
certain development of the GLONASS system after the
IGEX campaign, CODE put emphasis on the investiga-
tion of the available GLONASS orbit series (and their
comparison with GPS orbits), rather than generating
precise GLONASS orbits on a routine basis.

The orbit series were analyzed using a program
called SORBDT. Introducing the satellite’s positions as
pseudo-observations, the program is capable of fitting
orbital arcs through these positions by means of numer-
ical integration. For the presented study, the program
was enhanced to be capable of estimating selected pa-
rameters of the Earth’s gravity field. In addition, a
program for combining these geopotential coefficients
on normal-equation level was developed.

A sensitivity study of the GPS and GLONASS or-
bits with respect to the geopotential coefficients is the
first part of our analysis and answers the question what
kind of gravity signal may be found in the orbits of
GPS and GLONASS satellites. The correlations be-
tween the geopotential coefficients and the correlations
of the geopotential coefficients with other estimated or-
bit parameters are the crucial issue in this context. In
particular, correlations of the gravity parameters with
Solar radiation pressure parameters have to be studied.
The orbital periods of the GPS satellites are in deep
2:1 resonance with the rotation period of the Earth.
Therefore, resonance effects of the satellite motion with
terms of the geopotential occur and influence the es-
timation of these parameters. The results stemming
from GPS are compared with results stemming from
the GLONASS system: Differences caused by different
revolution periods, different inclination angles of the
orbital planes, and different behavior with respect to
the Y-bias are analyzed. Furthermore, the influence
of different arc-lengths on the estimated parameters is
studied and first time-series of the corresponding pa-
rameters are presented.
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Crustal deformations caused by surface load due
to ocean tides are strongly dependent on the surface
load closest to the observing site. In order to cor-
rectly model this ocean loading effect near irregular
coastal areas, a high-resolution coastline is required.
A test is carried out using two GPS sites located in
Alaska, where the ocean tide loading effect is large
and consequently observed easily by relative position-
ing with GPS. The selected sites are FAIR (Fairbanks)
and CHI3 (located on an island that separates Prince
William Sound from the Gulf of Alaska). Processing
hourly baseline solutions between FAIR and CHI3 dur-
ing a period of 49 days yields a significant ocean tide
loading effect. The M2 ocean tide wave in the Gulf of
Alaska has very large amplitude. Although the horizon-
tal M2 ocean tide loading amplitude in general is only
about 1/4 of the vertical M2 ocean tide loading ampli-
tude, thus, even the differential horizontal M2 ocean
tide loading displacements are measurable using differ-
ential GPS (DGPS). When using the GOT99.2 ocean
tide model and taking the coastal structure into ac-
count, the predicted differential vertical M2 amplitude
and Greenwich phase lag due to ocean tide loading are
19.29 mm and 110.23 degrees, respectively, while GPS
measurements yield 23.21 mm and 85.11 degrees. Simi-
larly the predicted differential horizontal M2 amplitude
and Greenwich phase lag (in the north-south direction)
are 4.51 mm and -77.01 degrees, while GPS yields 5.52
mm and -78.00 degrees. Only the north-south compo-
nent of the differential horizontal M2 ocean tide loading
wave is considered, because the east-west component is
too small for the processed baseline and not detectable
using DGPS.

URL: http://research.kms.dk/˜sak
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We present a new functional for the variational cal-
culation of core modes expressed directly in the vector
displacement field. The Earth’s outer core is a rotat-
ing, compressible, self-gravitating, stratified fluid, con-
tained within the elastic spherical boundaries of the
shell and inner core. The calculation of its long pe-
riod modes of oscillation is a challenging problem first
solved by Smylie et al (1992) using a variational princi-
ple based on the scalar generalized potential. While the
accurate computations this formulation affords led to
the detection of the three translational modes of oscil-
lation of the inner core in the spectra of superconduct-
ing gravimeter observations (Smylie, Francis and Mer-
riam, 2001), it is a complicated formulation and leads
to a lambda matrix problem of degree eight, even in the
case of small non-neutral stratification. The functional
presented here gives the displacement field directly and
leads to only a quadratic eigenvalue problem for arbi-
trary non-neutral stratification. It is easily converted
to a linear problem of twice the dimension opening the
possibility of computing all eigenvalues and eigenvec-
tors below a given degree of spatial complexity, and
the construction of a catalogue of core modes.
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M. Véronneau1 (marcv@nrcan.gc.ca)

1Geodetic Survey Division, Natural Resources
Canada, 615 Booth St., Ottawa, ON K1A 0E9,
Canada

The Stokes-Helmert approach for geoid modeling re-
quires that the Helmert gravity anomalies be given on
the co-geoid. Two approaches are proposed to derive
the Helmert gravity anomalies on the co-geoid. The
first one, hereafter ‘the UNB approach’ (Vańıček et
al., 1996), consists of evaluating the Condensed To-
pographic Effects (CTE) on the Earth’s surface then
continuing the Helmert anomalies downward to the co-
geoid. The second one, hereafter ‘the GSD approach’
(Véronneau, 2001), reverses the order, i.e., continuing
the refined Bouguer gravity anomalies downward to the
co-geoid followed by evaluating the CTE on the co-
geoid. In theory, both approaches should produce iden-
tical Helmert gravity anomalies on the co-geoid, conse-
quently identical geoid models.

This study aims to develop the Downward Con-
tinuation (DC) methods for both the UNB and GSD
approaches in order to generate similar geoid models
within the error budget. The Poisson integral is used
for the determination of the DC from the Earth’s sur-
face to the co-geoid. The DC for the UNB approach
is sensitive to roughness of topography. When using a
2’ by 2’ Digital Elevation Model (DEM) to represent
the mean topography, the DC ranges from 0.4 m to 1.8
m with a mean of 1.2 m. While the DC ranges from
0.2 m to 1.0 m with a mean of 0.7 m when using a
smoother DEM with a 5’ by 5’ resolution. However, the
sum of the DC and CTE does not significantly change
when using either DEM. It ranges from 0.0 m to 0.2
m with a mean of 0.1 m. On the other hand, the DC
for the GSD approach is sensitive to the radius of the
integration cap. It increases by about 50% from 1 arc-
degree cap and 2 arc-degree cap. The increment of the
DC shows a dominant long wavelength feature. The
DC of the Helmert gravity anomalies can be compared
to those of refined Bouguer anomalies by removing the
contribution of the DC from the CTE. Numerical re-
sults indicate that the short-wavelength component of
the DC is similar between the two approaches. Further
investigation is currently in progress with respect to
the contribution of the long wavelengths in the DC.

Finally, geoid models, which include the DC (short
wavelengths only), agree slightly better with the
GPS/Levelling geoid. The contribution of the short
wavelengths can reach approximately 20 cm in the
Canadian Rocky Mountains.
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The twenty year (1980-2000) time series of the po-
sitions at Satellite Laser Ranging (SLR) sites tracking
the LAGEOS I satellite (launched May, 1976) contain
signals with periods between hours and years, as well
as the long-term effects of crustal movements or post-
glacial rebound. Improved temporal sampling from a
second similar satellite, LAGEOS II (launched Oct.
1992), aids in the separation of the geophysical from
the SLR instrumental effects better than would be pos-
sible from LAGEOS I data analysis alone. Since these
satellites are at the same altitude, but in different in-
clination orbits, the effect of some of the orbital er-
rors on the analysis is also eliminated. During the past
two decades the advances in overall system accuracy, in
conjunction with improved satellite, Earth, and orbit
perturbation modeling, now enable these observations
to reveal a variety of features in geocentric position in
time. Both the horizontal and the vertical components
of station velocity can be determined to better than one
mm/year at a majority of the European SLR sites. This
facilitates the use of the European SLR sites to geode-
tically connect regional and local positioning networks
monitoring sea level change in a geocentric reference
frame.


