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ABSTRACT

The regions of Cape of Begur and Ibiza island have been chosen for JASON-1 altimeter calibration. Two
methods will be used: calibration from direct overflights using GPS buoys not requiring modeling of geoid or
tidal errors, and indirect calibration using coastal tide gauge observations that requires geographical
mapping of geoid and ocean tides. The last implies the determination of the Mean Sea Surface (MSS) from the
MSS obtained very precisely from altimetry plus the MSS bias determined by independent measurements in
our case GPS buoys.The GPS solutions allows to adjust the shape model of the MSS to obtain an absolute
reference surface which can be used to calculate the altimeter bias for any satellite that crosses the area. The
indirect calibration is really the reverse of MSS mapping but taking in account the MSS bias.
Experience in calibration campaigns has been obtained by two CATALA campaigns in the Cape of Begur
area.The first campaign made on March 1999 consisted of two reference stations on shore and two GPS buoys
underneath the TOPEX/POSEIDON groundtrack to get the instantaneous sea level. The GPS buoys were
designed at the Cartographic Institute of Catalonia using GPS antennas placed inside floats of toroidal form
following a design from the University of Colorado. It was performed the absolute calibration of TOPEX
altimeter side-B. A second campaign with an advanced GPS buoy has been made on July 2000 with an
estimation of the altimeter bias that hints at the level of accuracy that might be achievable for JASON-1 and
other future altimeter missions as ENVISAT from the European Space Agency, ESA.

INTRODUCTION AND LOCATIONS

The instantaneous sea level along the TOPEX/POSEIDON ground track is
compared with the measurements of the sea surface height estimated at the
overflight point and at the same time by two independent techniques:

- The estimated sea level height obtained by using a kinematic  point
positioning strategy for the GPS solution.
-  The estimated instantaneous sea level height at the overflight point after the
application of suitable tide models on the measurements of       several tide
gauges placed at the coast.

FIG 1. General view of Llafranc village and Llafranc bay.

 THE ELEMENTS  OF THE CAMPAIGNS

1. THE FIDUCIAL STATION

2. THE TIDE GAUGES

    THE ABSOLUTE BIAS OF THE ALTIMETER

Views of both the MP GPS buoy (provided
with a MICRO-PULSE antenna) and the DMT
GPS buoy (provided with a DORNE
MARGOLIN TRIMBLE antenna), in images
J and K, respectively.
Finally, a general view of the two GPS buoys
during the development of the TOPEX
altimeter-B calibration is shown in image L.

The fiducial GPS station at Llafranc Hotel (LLAF) : In image A, the TRIMBLE-4000SSi receiver
and the computer for storaging the GPS data. In image B, the installation for the DORNE
MARGOLIN Trimble antenna at the hotel terrace. The permanent GPS stations belonging to the
Institut Cartogràfic de Catalunya (ICC), used in the processing of the GPS data.  In image C, the
station Bellmunt de Segarra (BELL). In image D, the station Cap de Creus (CREU).

THE AANDERAA PRESSURE
SENSOR

Image E:  Installation of the rigid
support with the pressure sensor as
well as the cable connection to the
data logging system device.

Image F:  A detail of the
installation containing the display
unit and the data storing unit.

Image G: View of the complete
installation for the AANDERAA
pressure tide gauge.

THE SEA LEVEL TIME SERIES

The series from both the float gauge with Thalimedes shaft encoder and from the AANDERAA pressure sensor are
showed in Fig. 1.One of the two series has been shifted a constant value in order to be able to visualize both of them
in the same plot.Also the instantaneous differences and the statistics (mean and standard deviation) from the two
series are included. As it can be observed, there is no drift in the mean and the instantaneous differences between sea
levels  recorded by the two different technologies are occasionally high(16 cm as maximum) during the time of
seiches (high frequency oscillations typical from the Mediterranean).These seiches seem to be a regional phenomenon
more than local resonance of the harbour. The last conclusion can be reached by the observation of the simultaneous
sea levels recorded by the acoustic gauge placed at Barcelona harbour (Fig. 3). It is also necessary to take into account
that the measuring procedure of each device is different as well as the mechanism for filtering the waves: - the
pressure sensor is not inside a tube (more noise) and gives   the mean from sets of 15 measurements collected during 1
min.- the float gauge is inside a tube (mechanical filtering of waves) and   gives instantaneous measurement of the sea
level every 1 min.All of this can affect especially the high frequency oscillations.Finally, for all the period we have a
rms of 2.03 cm and the mean of the differences between the sea levels measured from both devices is around 0.16 mm
(absolute value).

Image H:  View of the top of the
plastic tube which contains the
pulley for the cable which holds the
float inside.

Image I: View of the device inside
the plastic tube the float, the rope,
the pulley and the sensor to
measure distances.

THE FLOAT GAUGE WITH
THE THALIMEDES SHAFT
ENCODER

The sea levels registered by the acoustic gauge placed in Barcelona harbour,
belonging to the Spanish Harbour's Tide Gauges Network (REDMAR), for
the same period than in Fig. 1.
In order to show better the agreement between the float gauge and the
ANDERAA pressure sensor results, the series of sea level measurements
without seiches are shown (week from 30th March to 6th April when no
important seiches occurred neither in Llafranc nor in Barcelona).For this
period, the mean agreement is still good, 0.45 mm, and the rms drops to 7.2
mm.Both tide gauges are referred to a geodetic benchmark placed in
Llafranc harbour jetty and also have been periodically manual calibrated in
order to monitoring the agreement in their measurements.(Fig. 2 )

    3. THE GPS BUOYS

OTHER APPLICATIONS

The data collected by the CATALA experiment in 1999 has been also
used by the authors and O.Colombo at GSFC/NASA to test precise
positioning the buoys in the high seas. It has been determined the
instantaneous position of one of the buoys using a precise, long-range,
differential kinematic technique (4). This long-range technique includes
using a Kalman filter and a smoother to solve simultaneously for: carrier
phase LC biases, residual tropospheric refraction, orbit errors, and errors
in site coordinates, as well as for the instantaneous coordinates of the
buoy.
A precise, short-range trajectory was computed for the buoy, relative to
its nearby coastal reference at Llafranc , 14 km away. The tidal data was
used to verify this solution (using a 6-minutes running average to
eliminate the effect of waves from the GPS-determined sea heights).

CATALA GPS data processing results:

GIPSY software, M. Martínez et al., 2000, UPC (3)

| MP-TOPEX | = 7.6 ± 10 cm

| DMT-TOPEX | = 4.8 ± 8 cm

Other CATALA GPS data processing:

• GIPSY software, G.L.H. Kruizinga et al., 1999, JPL ?
5.1 ± 6 cm

• KARS software,  C.K. Shum  et  al., 1999, OSU      ?
6.8 ± 10 cm

J.J. Martinez-Benjamin, M. Martinez-Garcia, Dept. of Applied Physics, Polytechnical University of Catalonia, ETSECCPB,
Barcelona, Spain
M.A. Ortiz, J. Talaya, Service of Geodesy, Cartographic Institute of Catalonia, Generalitat de Catalunya, Barcelona, Spain
B. Perez, E. Alvarez, Clima Marítimo-Puertos del Estado, Madrid, Spain
J. Garate, J. Martín-Dávila, Real Instituto y Observatorio de la Armada, San Fernando , Cádiz, Spain
M.I. Vigo-Aguiar, J.M. Ferrandiz, Dept. of Applied Mathematics, University of Alicante, Alicante, Spain

A B

DC

FE G

H

I

Fig. 2 Fig. 3

Fig. 1

J K L

Other objective has been to GPS map the MSS and to lay the foundation for a general indirect calibration site which allows to calibrate altimeter from different satellites
crossing the area. The experiments contribute to calibrations of emerging global sea-level records from TOPEX/POSEIDON and its successors. 
The CATALA experience has been sponsored by the Spanish Government CICYT (Comision Interministerial de Ciencia y Tecnologia) as a National Coordinated R+D
Project in Space Research Ref. ESP97-1816-CO4}. The project has involved several governmental research Institutes and Universities from Spain as well as international
participation from France and the United States.

Then European IGS sites more than 1000 km from the buoys were used as distant references to re-calculate the trajectory. The short-range kinematic position of the buoy relative to Llafranc was likely to
be quite accurate, so it was used to control the long-range solutions, obtained with the IT ( Interferometric Translocation) software developped by  O. Colombo, were compared every 30 seconds (the IGS
data rate), using IGS site  coordinates (that week, JPL and SIO) and IGS sp3 orbits (fixed). The long-range and short-range solutions agree within 10 cm r.m.s. (3-dimensional). The results of their
comparison are shown in the two plots below, fig. 4 and 5.

-Concretely, the CATALA Experiment has realized the monitoring of the sea
level height obtained from the TOPEX-B altimeter at the North Occidental
Mediterranean Sea (1), (2).  It is envisaged for the next campaigns in the Cape of
Begur area and the Ibiza island area (image provided by Eric Jeansou, CNES).
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