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Fine-tuning in the knowledge of station motions has not yet
been reached.

Detailed knowledge will allow

> Better understanding of geophysical processes
responsible of horizontal and vertical deformation;

> Constraining the physical models describing the
deformations of the Earth;

> Contributing to  high-precision reference frame
realizations.

Validation and crosschecking of techniques is necessary to
understand the error sources and to fully exploit the
potential of each single technique.
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Integration allows to take advantage of the
complementary strengths of the single techniques (GPS,
VLBI, SLR, InSAR, gravimetry...).

VLBI, SLR
limited number of stations around the globe
major importance for global reference frame

G6PS networks, though dense, provide information, which
is continuous in time, however, is not spatially
continuous.

InSAR has proven capability to provide spatially
continuous information, which, however, is limited in
temporal coverage.
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Absolute and relative gravimetry UniversitS di Bologna



IGS GPS network




EUREF Permanent Tracking Network
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SLR concept
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In Satellite Laser Ranging, a short pulse of coherent light generated by a
laser (Light Amplification by Stimulated Emission of Radiation) is tfransmitted
in a narrow beam to illuminate corner cube retroreflectors on the satellite.
The return signal, typically a few photons, is collected by a telescope and the
time-of-flight is measured. Using information about the satellite's orbit, the
time-of-flight, and the speed of light, the location of the ranging station can
be determined. Similar data acquired by another station, many kilometers
distant from the first, or on a different continent, can be used to determine
the distance between stations to precisions of a few mm. Repetitive
measurements over months and years yield the change in distance, or the
motion of the Earth's crust.
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SLR satellites
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VLBI concept

VLBI is a geometric technique: it measures the time difference between the arrival at
two Earth-based antennas of a radio wavefront emitted by a distant quasar.
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Because the time difference
measurements are precise to
a few picoseconds, VLBI
determines the relative
positions of the antennas fo a
few millimeters
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Medicina, Italy, 32 m

Hartebeesthoek, South Africa, 26 m
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InSAR Permanent Scatters (PS) technique

Stable natural reflectors (PS) can be identified from long
temporal series of interferometric data.

PS are parts of buildings, metallic structures etc.

PS constitute a sort of “natural geodetic network”, a
monitoring tool with very high spatial density of
measurements.
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The combination of GPS and InNSAR provides the ability to
observe time and space continuous deformation by taking
advantage of the complementary strengths of the two
techniques.

GPS provides absolute positions and is, at present, the only
technique contributing time continuous information, however,
limited to the station location.

InSAR results are relative to a reference point. The
technique provides spatially continuous information, which,

however, is limited in temporal coverage.
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Gravimetry

Among the terrestrial observation techniques used for the
estimate of vertical land movements, gravimetry is a
completely independent method with respect to space

techniques.
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Modeling the height seasonal oscillations
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—observed gravity oscillation
—vertical air mass _Model
—non-tidal ocean

— hydrological balance —observed gravity oscillations




Gravity residuals
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424 R 0.15 mm/yr  VLBI NASA solution (courtesy of D. McMillan)
+1.15+0.02 pGal/yr ~-3.8 mm/yr SG data

1996-2004

-3.06 + 0.06 mm/yr CGPS UNIBO

-26+05 mm/yr CGPS AST SOPAC solution

-3.29 + 0.14 mm/yr VLBI NASA solution (courtesy of D. McMillan)
-3.38 £+ 0.30 mm/yr VLBI DGFI solution (courtesy of V. Tessmar)
-2.73+0.26 mm/yr VLBI BKG solution
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Horizontal motions
Comparison at Medicina




- -16,0 mm/yr relative
to the reference point
: in the Medicina area

GPS and
7| Absolute gravity

] mman“"‘ '
o NN T A




Height (m)

Bologna

G6PS

99,66 URLPL ] LU LU [ LU LU [ U oL U] U LU LU UL U UL L U U] L LA LUy

99,64 | -18.23:0.08 mmiyr

99,62

99,60

99,58

99,56

99,54 |||I|||I|||I|||I|||I|||I|||I|||I|||I|||I|||I|||I|||I|||I|||I|||

Jan May Sep Jan May Sep Jan May Sep Jan May Sep Jan May Sep Jan May
1999 2000 2001 2002 2003 2004

Time

Absolute Gravity (uGal/yr)

(0, 2. -

g e n i, L e il o N Tl -, D o i I Tl
2 T T T

Gravity

12|||||||||||||||||||||||||||||||||||||||

10 -+

5.16 + 1.19 pGal/yr | I

[

Sep Jan May Sep Jan May Sep Jan May Sep Jan
2002 2003 2004 2005

Time

~-17 mm/yr

Universita di Bologha



InSAR PS Marina di Ravenna
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Height (m)

GPS Marina di Ravenna
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mm/Zyr

Marina di Ravenna

High-precision leveling 1990-1999
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Subsidence rate from Rimini to Ferrara. From Benedetti et al.,
Proc. 6th Int. Symposium on Land Subsidence, Ravenna, Sept. 2000.
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