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SUMMARY
In this work the three Begur Cape experiments on radar altimeter calibration are overwied. These campaigns were
conducted on 16-19'10March 1999 (first altimeter calibration ever developed in Spain), on 4_110July 2000 (first TOPEX
Altimeter side-B calibration ever made in the Mediterranean Sea and marine geoid mapping) and the last 25-28'10August
2002 (in-situ Jason-1 Altimeter calibration). The in-si/u or direct absolute calibration estimating the TOPEX Alt-B bias was
performed during the overflights by using GPS buoys. The advantage of that method is that neither geoid modelling nor
tidal error is needed. Other main objective ofthese campaigns was /0 map the profile of the Mean Sea Surface (mss) along
the closest ascending TIP groundtrack (15-20 km far from the coast). For that purpose coastal tide gauge measurements
were required to connec/ the instan/aneous sea surface measured by the buoy with the time independent mss. Mapping the
marine surface for indirect altimeter calibration has de advantage of allowing the calibration of any radar sensor that
crosses the studied area but, in turn, the disadvantage is that the method requires ocean tide and geoid knowledge, which
reduces the accuracy of the bias estima le by a factor of two.

A Spanish JASON-1 geoid gradient campaign with French support has been made in June 2003 at the Ibiza island in the
NW Mediterranean Sea. The main objective has been /0 map with a new designed, builded and calibrated GPS catamaran,
the local geoid gradient in three areas around 1biza island under the ascending (187) and descending (248) Jason-
l ground tracks. The ea/amaran equipped with two GPS antennas to perform continuous sea level measurements was
towed by the Patrol Deva from the Spanish Navy. Five GPS reference stations were deployed on Ibiza island: one in
Portinatx, two in San An/onio and two in 1biza. The marine geoid has been used to relate the coastal tide gauge datafrom
[biza and San Antonio harbours /0 off-shore altimetric da/a. In the framework of the campaign, the levelling of the [biza
and San An/onio tide gauges to the respective GPS markers was performed.

We presen/ synthesis of the results obtained from TopexlPoseidon and the first results on Jason-1 altimeter calibra/ion
using the direct measurements from GPS buoys and the derived marine geoid. The [biza results agree relatively well with
results obtained a/ Corsica, Harvest and Bass Strait calibration permanent si/es. Moreover, the geodetic activities (e.g.,
GPS, levelling) has permitted to build a very accurate (few mili) local network linked to the European one, with a reference
frame compatible with the satellite altimetry missions (ITRF2000). The GPS kinematic data were processed using two
different softwares allowing to check the consistency of the solutions. A perspective of a new Jason-1, including Envisat,
Ibiza campaign to be made around 2007 will be presented.

1. INTRODUCCIÓN
Satellire radar altimetry play, a critica! role in monitoring the global
oceans for scientific uses as well as navigarion, The extreme
accuracy of Jason-I aud Topex/Poseidon, and rhe additioual global
covcrage of the Europcan satellite Envisat, have crcated significant
advances in geodctic. occans and climate studies. Altirncter
calibration is esscntial 10 obtain an absoluto rneasure of sea leve}, as
are knowing thc instrumcnt's drifts and bias. Spccial1y designcd ride
gauges are necessary to improve the quality of altimetric data,
preferably near the satellire track. Further, due to systematic
differences arnong instruments onboard different satcllires. several
in-situ calibrations are essentials to tic rheir systernatic differences.

During the last years, complementary altimetric missions have
notably permitted to compare instruments: relative calibrations have
been achieved, global statistics and results show the power of such a
technique. However, through these missions, problerns have been
discovered both in the algorithms and the instruments: the SPTR and
USO drift corrections for ERS, the oscillator drift corrections for
TOPEX/Poseidon and more recently in Ihe JMR wet path delay
correction for Jason-l . This has reinforced the interest of absolute

calibration campaigns to detect such problems in near-real lime.
Beyond the calibration ofthe altimeters, the calibration sites al so are
very useful in assessing the various components of the altimetric
systems, even if it is only a single-point verification. The calibration
sites are often equipped with a complete system of in-situ
instruments which have the capability of measuring very accurately
the environmental parameters interfering in the altimetric
measurement: sea state, sea level, troposphere and ionosphere
effects, reference frame stability, elc. Nevertheless, absolute
calibration of radar altimeters at the centimeter level or less is one of
the most difficult challenges in Space Geodesy. Indeed, the
realization of the closure equation - to compare terrestrial sea level
measurements with sea heights deduced frorn satellite altimetry -
requires a very specific area where several kind of quantities (sea
level, terrestrial positioning, orbit, etc.) have to be precisely and
simultaneously measured at each overflight of Ihe altimeter satellite.
This leads lo perform, with a very high accuracy, comparisons
between the used techniques (in situ and space ones) in ,.
homogeneous geocentric reference frame. The global error budget of
the absolute calibration experiment is thus very difficult to achieve,
beca use of all kinds of possible systematic errors. The main absoluto
calibration experiments realized in the recent past [Ménard el al..
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1994; Christensen et al., 1994; Franeis, 1992] showed this diffieulty
clearly. As a eonsequenee of the inereased preeision of the satellite
altimetry teehnique (instrumentation, orbit, and eorreetions) over the
last ten years, requirements are now at the centimeter level and even
less for the altimeter bias deterrnination. This makes absolute
ealibration a field eampaign whieh can be very expensive
eeonomieally, but remains strietly neeessary for a given
oeeanographie mission and espeeially for a series of sueeessive
missions (over several deeades).

Three preliminary eampaigns for TOPEXlPOSEIDON (T/P) were
made in Mareh 1999 and July 2000 and for JASO ·1 in August
2002, in the NW Mediterranean Sea at the Begur Cape area.
Direet absolute altimeter ealibration was made in these eampaigns
from direet overflights using GPS buoys with a toroidal design
perforrned at the ICC based in the original design of the University
of Colorado at Boulder and a estimation of the TOPEX Alt-B bias
was made.
In the seeond eampaign the main objective was to map with GPS
buoys the Mean Sea Surfaee MSS along an aseending T/P
groundtraek about 15-25 km from the eoast, using eoastal tide gauge
measurements from L'Estartit.

We present synthesis of the results obtained from TopexIPoseidon
eampaigns at I'Estartit and the first results on Jason-I altimeter
ealibration using the direet measurements from GPS buoys and the
derived marine geoid at Ibiza island. They agree relatively well with
results obtained at Corsica, Harvest and Bass Strait calibration
perrnanent sites. Moreover, the geodetie aetivities (e.g., GPS,
levelling) has perrnitted to build a very aeeurate (few rnm) local
network linked to the European one, with a referenee frame
compatible with the satellite altimetry missions (ITRF2000). The
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GPS kinematic data were proeessed using two different softwares
allowing to check the consisteney of the solutions.

2. CALIBRATION METHODOLOGY
A eomparison of the instantaneous sea surfaee height (SSH)
estimated by two independent teehniques at the same geographieal
loeation and time was the methodology followed [Bonnefond et al.
2003b]. This technique is the so-called direet ealibration method.

The instantaneous SSH derived from the JASON-I measurements,
that is, the difference between the satellite orbit height (,,"ro,,) and the
altimeter measurement (h,,,), which represents the corrected basically
raw range of the media delays, troposphere and ionosphere, the sea
state bias and the instrumental delay SSHJ,wn, is compared with the
same magnitude SSHude gauges which can be considered a 'true'
measurement of the instantaneous sea level, estimated from the
measurements of the GPS buoys placed undemeath the ascending
T/P satellite ground track.

(1)

Thus the bias ofthe altimeter is obtained from this comparison :

BIAS = SSH JASON - SSH,jde gauge (2)

However, because off-shore altimetrie data are affected by the geoid
slope, the Sea Level map derived from both the GPS catamaran
campaign (Ibiza 2003) or the GPS buoy campaign (Begur 2000 and
2002) is used to correct them. Such a method is described in detai! in
[Bonnefond et al., 2003b].
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Figura 1 - General dístributíon or tñe calibratíon si/se of Begur and Ibiza. Al Iéft. the GPS network of the ICC in Cataloniaand the calibration area oJJshore
Begur Cape(surveying points on 1999-2000 and 2002 campaígns}. Ir ís represented the nominal TIP ground track in the center and the parallel internal and the
external ground tracks for mappíng of the sea surface. Al right, The 2003 Ibiza calibration distribution and GPS catamaran. GPS data collected (gray) and kept
(black). Dashed fines represent (he Jason-l passes: aseending N° 187 (South West- North East) and descendíng N°248 (North West -. South East).
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3. CALIBRATION CAMPAIGNS

3.1 BEGUR CALIBRATION CAMPAIGNS
The instrumentation consists on the reference station at the coast
and the GPS buoys. The near tide gauge is only used when
performing the indirect method. The reference station close to the
satellite ground track is needed in order to achieve kinematie buoy
solutions within centimeter aecuracy level, which is the typieal error
assumed for the range measurement of the altimeter [Fu and
Cazenave, 200 1].

In all the campaigns, the buoy solution has been eomputed by using
a differential kinematie strategy with short baselines, assuming
common atmosphere corrections (ionosphere and specially
troposphere) between the fix reeeiver and the rover. The mean value
of the baselines is of 14.3 km and 14.9 km in 1999 and in 2000,
respectively, and of 22.4 km in 2002. Previously, the coordinates of
the fiducial site at the eoast (triangles in figurel) have been fixed by
eomputing the free-network solution [Zumberge, 1997] that involves
several permanent IGS-ITRF stations of the ICC in Catalonia
(squares in fig.I).

Apart of the tide gauge at l'Estartit, two aneilliary sensors were
temporally installed at Llafrane harbor in 1999 in order to study the
spatial and temporal variability of the ti des in that area from the
simultaneous records.

In the 1999 and the 2000 campaigns the direct estimation of the
altimeter bias was realized during the overflight of the
TOPEXlPOSEIDON onto a point marked as TOP-08 and in the
2002 campaign the overflight occurred onto TOP-II, in figure!.
Overflight times have an uncertainty of about 10 see.

3.2 IBIZA CALIBRATION CAMPAIGNS
The detennination of the marine geoid by GPS catamaran
technique was objective. This marine geoid will be used to
rely the coastal tide gauge data and the off of coast Jason-I
altimeter data. The GPS catamaran was designed at ICC
taking in account the one used in SenetosaíCorsica campaigns
[Bonnefond et al., 2003b]. Also a toroidal GPS buoy was

used. GPS reference stations were located at Ibiza, San
Antonio and Portinatx (figure 1). Data from tide gauges at
Ibiza and San Antonio have been used and a spirit levelling
was perfonned in these two places.

4. CALIBRA TION RESUL TS

4.1. BEGUR CAMPAIGNS
The GPS data have been processed with the GIPSY/OASIS-lI
software (JPL). In the three campaigns the GPS data
processing has been split in two parts: First, positioning of the
reference station at the coast near the calibration area (free-
network solution) and, second, differential positioning of the
buoy respect to the reference (fiducial) site off the coast
(differential kinematic solution).

In the direct calibration the SSH measured by the altimeter at
the overflight is compared with the same magnitude derived
from the buoy solution. Thus the range bias is computed in
table 1 and example of the kinematic solution at 2000
campaign is given in figure3.

The significant wave height (SWH) computed from GPS as
described in the section before is compared with the
simultaneous radar altimeter measurement. Table 2 shows
very good agreement between both measurements, thus GPS
measurements are very accurate descriptors of SWH because
it is the stardard deviation from the mean value of the sea
surface.

Also the altimeter bias computed by the mapping of the sea
surface and correcting the sea level anomaly from the time
serie of 1'Estartit tide gauge give closer values to the ones
given in the literature and their associated nns have
decreasing respect to the values obtained in the single point
calibrations or direct methods where the buoy is physically
present (table 3).

Table I - Estimation ofthe SSHB1AS by single point experiments over point TOP-08 (figure 1)for TOPEX-B and over point TOP-11 for Jason-
1 radar instruments. The vall/es in 1999 correspon to similar GPS buoys used at that campaign (UPCB and JPLB bl/oys. respectively).

Campaign Overflight Cycle SSHGPs SSH,lt SHHB1AS Alt. praduct
(UTC time) (m) (m) (cm)

1999
18/03 at

T/P 239 49.12 ± 0.319 49.05 ± 0.04 6.50 ± 32.10 M-GDR
08:45:41 49.09 + 0.323 49.05 + 0.04 3.70 ± 32.60 TOPEX-B

2000
07/07 at

T/P 287 49.24 ± 0.074 49.21 ± 0.04 +3.43 ± 7.96
M-GDR

07:34:47 TOPEX-B

2002 28/08 at J 23 49.29 ± 0.061 49.18 ± 0.08 +10.52 ± 10.35
I-GDR

15:37:07 Jason-I

Table 2 - SWH at the overflight and the in-situ wind speed.

Campaign WS(km/h)
1999 UPCB 128.0 130.0 31.0
1999 JPLB 129.0 130.0 31.0
2000 21.0 20.0 17.0
2002 27.5 28.0 10.0

4.2. IBIZA CAMPAIGNS
Jason-I altimetric data was analyzed from cycle 9 (beginning
of San Antonio tide gauges data) to cycle 62. Fig.4 and 5
shows the time series of the Jason-I altimetric bias for pass

Table 3 - SSH.,AS estimation by the indirect method for TOPEX-B and
Jason-Laltimeter in oll/y one pass.

Date Cycle averaged
points

SHHB1AS

(cm)
Altimeter
praduct

2000 TIP 287 6 + 2.13 ± 6.55 M-DGR
TOPEX-B

2002 I-DGR
Jason-I

J 23 4 +10.12 ± 6.23

187 (Ieft) and 248 (right) from Ibiza and San Antonio tide
gauges.
The statistics of this analysis are summarized in table 4. The
bias found at San Antonio is very close to that found at other
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calibration sites notably the Corsica one where the
geographically correlated errors should be comparable (orbit,
sea state, ..): +138 ± 7 mm at Harvest [Haines et al., 2003],
+ 120 ± 7 mm at Corsica [Bonnefond et al., 2003b] and + 131
± lI mm at Bass Strait [Watson et al., 2003].

However, the one derived from Ibiza tide gauge data exhibit a
difference of about +50 mm. This confirms the difference of

48 mm found in the GPS sea height versus tide gauge sea
level at Ibiza (Tab.4). Moreover, the mean sea heights of tide
gauges (Tab.5) exhibits a difference of 95 mm while the
geoid height difference should be close to 50 mm. lt seems
that there should be an error of about 50 mm either in the
leveling or the height between the pressure sensor and the
Tide Gauge Bench mark. These measurements have to be
redone to find the error source.

JASON-1 POSEIDON-2 - Cycle : 44 - Pass: 248
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Figure 2 - Jason-l a/timeter calibration process for pass 248 and cycle 44.
Tab/e.4 - Statistics of the Jason-l altimeter bias for passes 187 and 248 using Ibiza and San Antonio tide gauges.

Ibiza San Antonio

187
248

169.0
177.0

23.4
27.4

Pass Mean (mm) cr (mm) Mean (mm) cr(mm)
33.4 119.0
24.5 122.0

JASON-l • pass 248 - GDRM

0-' I

10 20

Figure 5 - Time series 01Jason-I altimeter bias lar pass 187 (tejí) and 248 (right). Crosses and diamonds represent the determination from
San Antonio and Ibiza tide gauges respective/y.
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