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The Corsica 
site, which 
i n c l u d e s 
A j a c c i o -
A s p r e t t o , 
S e n e t o s a 
Cape, and 
Capraia (Italy) 
in the western 
Mediterranean 
area has been 
chosen to 
permit the 
a b s o l u t e 
calibration of 
radar altime-
ters. Thanks to 
the French 
Transportable 
Laser Ranging 
System (FTLRS) 
for accurate orbit 
determinat ion, 
and to various 
geodetic measu-
rements of the 
local sea level 
and mean sea 
level, the objective 
is to measure the 
altimeter biases 
and their drifts.
The expected 
outputs of this on 
site verification 
experiment are 
dedicated obviously 
to the determination 
of the calibration 
bias of T/P and 
Jason-1. On the 
other hand, it is also 
an opportunity to 
contribute to the orbit 
tracking of oceano-
graphic and geodetic 
satellites and to the 
analysis of the diffe-
rent error sources, 
which affect altimetry. 
In the field of positio-
ning, we expect to con-
tribute also to the 
decorrelation between 
the possible vertical 
displacements of our 
site (Earth crust) and 
the Mediterranean mean 
sea level.The double 
geodetic site in Corsica 
(Aspretto, near Ajaccio 
and Senetosa Cape 40 
km south under the 
Jason-T/P ground track 
N° 85) has been used to 
calibrate the T/P altime-
ters from 1998, and the 
Jason-1 ones since the 
beginning of the mission. 
Permanent and semi-
permanent geodetic equip-
ments are used to monitor 
these calibrations.
Concerning the Aspretto 
site, a permanent GPS 
station and an automatic 
tide gauge have been instal-
led since 1999. Two dedica-
ted tracking campaigns of 
the French Transportable 
Laser Ranging System have 
been realized in 2002 and 
2005. Results of the last cam-
paign, in term of calibration, 
are presented.
At Senetosa cape, permanent 
geodetic installations have 
been installed since 1998 and 
different campaigns have been 
conducted in view of Jason-1 
mission. Four tide gauges are 
installed at the Senetosa Cape 
and linked to ITRF using GPS 
and leveling. In parallel, since 
2000, a GPS buoy is deployed 
during overflights at Senetosa 
(10 km off-shore). Moreover, 
since 2003, a permanent GPS 
has been installed to monitor 
possible vertical displacements 
of our site. In addition, using a 
local weather station, we derived 
the wet tropospheric path delays 
from GPS measurements which 
are compared to the Jason Micro-
wave Radiometer ones at the 
overflight times.
T/P altimeter calibration has been 
performed from cycle 208 to 365. 
All the produced Jason-1 GDR 
cycles have been also analyzed in 
the altimeter calibration process. 
However, a detailed analysis has 
been performed for the reprocessed 
(GDR-B) cycles 1 to 21 which have 
been compared to T/P improved 
MGDR (TMR, orbit, …). In addition, 
new JMR (as included in GDR-B) 
path delay has been compared for all 
the available cycles to the ECMWF 
and GPS derived tropospheric 
correction. 
Our semi-permanent experiment is 
planned to last over several years in 
order to detect any drift in the space 
borne instruments.
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Calibration process
The calibration principle is to compute the difference between 
the sea surface height (ssh) measured with the altimeter and 
the ssh recorded by the tide gauge. These two ssh are located 
at two distant points. The link between the two ssh is partly the 
geoid slope from offshore altimetric measurement to tide 
gauges locations. The situation of the Corsica calibration site 
implies to take it into account. This slope is 6 cm/km on average 
and a specific GPS campaign has been realized in 1999 in order 
to determine a geoid map of about 20 km long and 5.4 km wide 
centered on the satellites ground track. Details can be found in 
Bonnefond et al. (2003a and 2003b).
Bonnefond, P., P. Exertier, O. Laurain, Y. Menard, A. Orsoni, G. Jan, and E. Jeansou, 
Absolute Calibration of Jason-1 and TOPEX/Poseidon Altimeters in Corsica, Special 
Issue on Jason-1 Calibration/Validation, Part 1, Marine Geodesy, Vol. 26, No. 3-4, 
261-284, 2003a.

Bonnefond, P., P. Exertier, O. Laurain, Y. Menard, A. Orsoni, E. Jeansou, B. Haines, D. 
Kubitschek, and G. Born, Leveling Sea Surface using a GPS catamaran, Special Issue 
on Jason-1 Calibration/Validation, Part 1, Marine Geodesy, Vol. 26, No. 3-4, 319-334, 
2003b.

A permanent GPS receiver is installed close to T/P-Jason-1 track #085 (Cape A permanent GPS receiver is installed close to T/P-Jason-1 track #085 (Cape 
Senetosa lighthouse) since end of 2003. Using the GPS data, the wet tropospheSenetosa lighthouse) since end of 2003. Using the GPS data, the wet troposphe--
ric path delay is computed with GAMIT software.ric path delay is computed with GAMIT software.
In the Figures 8a and 8b, the wet tropospheric path delays (correction to be apIn the Figures 8a and 8b, the wet tropospheric path delays (correction to be ap--
plied to the altimetric range) issued from Senetosa GPS data are then compaplied to the altimetric range) issued from Senetosa GPS data are then compa--
red to Jason-1 Microwave Radiometer (JMR, GDR-A and GDR-B data) and red to Jason-1 Microwave Radiometer (JMR, GDR-A and GDR-B data) and 
ECMWF model tropospheric corrections. The agreement between GPS and ECMWF model tropospheric corrections. The agreement between GPS and 
ECMWF is pretty good (-4.9mm) but exhibits a drift (+1.8mm/yr). Concerning the ECMWF is pretty good (-4.9mm) but exhibits a drift (+1.8mm/yr). Concerning the 
JMR, the new calibration coefficients (GDR-B) remove completely the observed JMR, the new calibration coefficients (GDR-B) remove completely the observed 
drift in the GDR-A products (due to steps in the JMR calibration coefficients). drift in the GDR-A products (due to steps in the JMR calibration coefficients). 
However, a bias of +13.6mm and +18.5mm remains when compared respectiHowever, a bias of +13.6mm and +18.5mm remains when compared respecti--
vely to GPS and ECMWF. This is probably due to coastal approach and needs to vely to GPS and ECMWF. This is probably due to coastal approach and needs to 
be discussed during the OSTST meeting. This effect induces a lower altimeter be discussed during the OSTST meeting. This effect induces a lower altimeter 
bias at Senetosa and can explain most of the differences with Harvest determibias at Senetosa and can explain most of the differences with Harvest determi--
nation.nation.

WET TROPOSPHERIC CORRECTION ANALYSISWET TROPOSPHERIC CORRECTION ANALYSIS

Figure 8a Figure 8b

IMPACT OF ORBIT ON THE ALTIMETER CALIBRATIONIMPACT OF ORBIT ON THE ALTIMETER CALIBRATION

TOPEX/PoseidonTOPEX/Poseidon
The new NASA POE orbits (TVG ITRF2000 and TVG ITRF2005-rescaled) have been used in replacement of the T/P GDR orbits in the altimeter process The new NASA POE orbits (TVG ITRF2000 and TVG ITRF2005-rescaled) have been used in replacement of the T/P GDR orbits in the altimeter process 
(ALT-B, cycle 237 to 364, Figure 6). ALT-B bias (at epoch 2002.0) is decreased by 11.3 and 8.1mm for TVG ITRF2000 and TVG ITRF2005-rescaled res(ALT-B, cycle 237 to 364, Figure 6). ALT-B bias (at epoch 2002.0) is decreased by 11.3 and 8.1mm for TVG ITRF2000 and TVG ITRF2005-rescaled res--
pectively. The new ALT-B bias time series based on TVG orbits exhibit a drift relatively to the one based on the GDR orbit of -1.7mm/yr and -1.2mm/yr pectively. The new ALT-B bias time series based on TVG orbits exhibit a drift relatively to the one based on the GDR orbit of -1.7mm/yr and -1.2mm/yr 
for TVG ITRF2000 and TVG ITRF2005-rescaled respectively.for TVG ITRF2000 and TVG ITRF2005-rescaled respectively.

Jason-1Jason-1
Same exercise has been realized for Jason (cycles 1-21 and 73-177). POSEIDON-2 bias (at epoch 2002.0) is not significantly changed for both TVG Same exercise has been realized for Jason (cycles 1-21 and 73-177). POSEIDON-2 bias (at epoch 2002.0) is not significantly changed for both TVG 
ITRF2000 and TVG ITRF2005-rescaled . The new POSEIDON-2 bias time series based on TVG orbits exhibit a drift relatively to the one based on the ITRF2000 and TVG ITRF2005-rescaled . The new POSEIDON-2 bias time series based on TVG orbits exhibit a drift relatively to the one based on the 
CNES GDR-B orbit of -1.4mm/yr and -0.8mm/yr for TVG ITRF2000 and TVG ITRF2005-rescaled respectively. CNES GDR-B orbit of -1.4mm/yr and -0.8mm/yr for TVG ITRF2000 and TVG ITRF2005-rescaled respectively. 
GPS Reduced Dynamic orbits from JPL have been recently released (07a version, not shown on Figure 7) and included in the calibration process. As GPS Reduced Dynamic orbits from JPL have been recently released (07a version, not shown on Figure 7) and included in the calibration process. As 
for TVG orbits POSEIDON-2 bias at epoch 2002.0 is not significantly changed but the time series exhibits an opposite drift of +0.9mm/yr relatively for TVG orbits POSEIDON-2 bias at epoch 2002.0 is not significantly changed but the time series exhibits an opposite drift of +0.9mm/yr relatively 
to the one based on the CNES GDR-B orbit.to the one based on the CNES GDR-B orbit.

Detailed values are given in Table 1 and a detailed analysis of the orbit differences can be found in the POD poster: Validation Activities for Jason-1 Detailed values are given in Table 1 and a detailed analysis of the orbit differences can be found in the POD poster: Validation Activities for Jason-1 
and Topex/Poseidon Precise Orbits.and Topex/Poseidon Precise Orbits.

Figure 6

TOPEX/POSEIDON AND JASON-1 FORMATION FLIGHT PHASE ANALYSISTOPEX/POSEIDON AND JASON-1 FORMATION FLIGHT PHASE ANALYSIS

The new products availables for both TOPEX/Poseidon (MGDRThe new products availables for both TOPEX/Poseidon (MGDR++ and Retracked GDR) and Jason-1 (GDR-B) during the formation flight phase (cycle 1 to 21) have  and Retracked GDR) and Jason-1 (GDR-B) during the formation flight phase (cycle 1 to 21) have 
been compared. For TOPEX/Poseidon, retracking values are given for the two types of retracking: Least Squares (LSE, RGDR1) and Maximum a Posteriori (MAP, been compared. For TOPEX/Poseidon, retracking values are given for the two types of retracking: Least Squares (LSE, RGDR1) and Maximum a Posteriori (MAP, 
RGDR2). Figure 3 shows the time series of Jason-1 and T/P altimeters biases while Figure 4 shows the relative bias between the two satellites. Results are RGDR2). Figure 3 shows the time series of Jason-1 and T/P altimeters biases while Figure 4 shows the relative bias between the two satellites. Results are 
given below:given below:

     Absolute biases (cycle 1 to 21):      Relative biases (cycle 1 to 21, common cycles):     Absolute biases (cycle 1 to 21):      Relative biases (cycle 1 to 21, common cycles):

     Poseidon-2 GDR-B:  +85.3 ±5.7 mm         Poseidon-2 GDR-B:  +85.3 ±5.7 mm    

     TOPEX ALT-B MGDR     TOPEX ALT-B MGDR++: -25.1 ±8.8 mm    (Poseidon-2 GDR-B) - (TOPEX ALT-B MGDR: -25.1 ±8.8 mm    (Poseidon-2 GDR-B) - (TOPEX ALT-B MGDR++): +111.2 ±8.4 mm): +111.2 ±8.4 mm
     TOPEX ALT-B RGDR1: -26.8 ±9.9 mm    (Poseidon-2 GDR-B) - (TOPEX ALT-B RGDR1): +114.4 ±12.1 mm     TOPEX ALT-B RGDR1: -26.8 ±9.9 mm    (Poseidon-2 GDR-B) - (TOPEX ALT-B RGDR1): +114.4 ±12.1 mm
     TOPEX ALT-B RGDR2: -41.4 ±10.3 mm    (Poseidon-2 GDR-B) - (TOPEX ALT-B RGDR2): +120.4 ±14.5 mm          TOPEX ALT-B RGDR2: -41.4 ±10.3 mm    (Poseidon-2 GDR-B) - (TOPEX ALT-B RGDR2): +120.4 ±14.5 mm     
            
          
                                  
          

Figure 4Figure 3

EXTENDED ANALYSIS OF T/P RETRACKED PRODUCTSEXTENDED ANALYSIS OF T/P RETRACKED PRODUCTS

More cycles of the Retracked GDR Products have been recently reMore cycles of the Retracked GDR Products have been recently re--
leased and we compared them to MGDRleased and we compared them to MGDR++ (Figure 5). The Standard  (Figure 5). The Standard 
deviation of both deviation of both Least Squares (LSE, RGDR1) and Maximum a PosLeast Squares (LSE, RGDR1) and Maximum a Pos--
teriori (MAP, RGDR2) are significantly higher (respectively 32.5 and teriori (MAP, RGDR2) are significantly higher (respectively 32.5 and 
42.0mm) than the 42.0mm) than the MGDRMGDR++ one (25.8 mm) and induce spurious drift.  one (25.8 mm) and induce spurious drift. 
Mean ALT-B bias is increased by 12.6mm and 6.4mm respectively for Mean ALT-B bias is increased by 12.6mm and 6.4mm respectively for 
LSE and MAP retracked data (see Table 1 for mor details).LSE and MAP retracked data (see Table 1 for mor details).
As SSB and ionospheric corrections have not been recomputed from As SSB and ionospheric corrections have not been recomputed from 
these retracked data sets, the values will probably change and it is these retracked data sets, the values will probably change and it is 
very difficult to rule on these data quality. SSB is one of the most imvery difficult to rule on these data quality. SSB is one of the most im--
portant issue of this OSTST meeting.portant issue of this OSTST meeting.

Figure 5

Figure 7

The above Figures show TOPEX/Poseidon (Figure 1) and Jason-1 (Figure 2) altimeter bias determination for the three tide The above Figures show TOPEX/Poseidon (Figure 1) and Jason-1 (Figure 2) altimeter bias determination for the three tide 
gauges settled at Cape Senetosa and for the GPS buoy. Jason-1 cycle 22 corresponds to the last T/P over flight (365, gauges settled at Cape Senetosa and for the GPS buoy. Jason-1 cycle 22 corresponds to the last T/P over flight (365, 
august 14th, 2002). The presented times series has been obtained using the best products available that are close to the august 14th, 2002). The presented times series has been obtained using the best products available that are close to the 
future reprocessing except for retracking on T/P and for SSB and ionospheric correction for both satellites:future reprocessing except for retracking on T/P and for SSB and ionospheric correction for both satellites:
 - TOPEX/Poseidon: MGDR products with the TMR replacement product and the GSFC TVG orbits based on ITRF 2000  - TOPEX/Poseidon: MGDR products with the TMR replacement product and the GSFC TVG orbits based on ITRF 2000 
(those used in the Retracked GDR products). This will be named MGDR(those used in the Retracked GDR products). This will be named MGDR++ in the following. in the following.
 - Jason-1: GDR-B products. - Jason-1: GDR-B products.
Bias for ALT-B altimeter (T/P) is -22.1 ±3.4 mm while for POSEIDON-2 (Jason-1) the bias is +83.3 ±4.1mm when derived sea Bias for ALT-B altimeter (T/P) is -22.1 ±3.4 mm while for POSEIDON-2 (Jason-1) the bias is +83.3 ±4.1mm when derived sea 
surface height are compared to tide gauges measurement. Taking into account only the common cycles where both surface height are compared to tide gauges measurement. Taking into account only the common cycles where both 
techniques (tide gauges and GPS buoy) are used the differences in term of altimeter bias are at +8mm and +16mm for T/P techniques (tide gauges and GPS buoy) are used the differences in term of altimeter bias are at +8mm and +16mm for T/P 
and Jason-1 respectively: GPS buoy measurements provide an external and independent control of the whole system.and Jason-1 respectively: GPS buoy measurements provide an external and independent control of the whole system.
Detailed values of this TOPEX/Poseidon and Jason-1 altimeter bias processing are given in Table 1 (numbers in red).Detailed values of this TOPEX/Poseidon and Jason-1 altimeter bias processing are given in Table 1 (numbers in red).

TOPEX/POSEIDON (MGDRTOPEX/POSEIDON (MGDR++) AND JASON-1 (GDR-B) ALTIMETER BIASES) AND JASON-1 (GDR-B) ALTIMETER BIASES

Figure 1 Figure 2

Cycles N Epoch LEAST SQUARES

Mean Err sd Bias Err Drift Err sd
SSH BIASES: JASON ABSOLUTE SERIES

Jason-1 GDR-A 1-135 84 2002.0 95.9 3.4 30.8 111.6 6.2 -8.7 2.9 29.3
Jason-1 GDR-B 1-21 / 73-183 64 2002.0 83.8 4.1 32.7 81.1 8.8 1.0 2.7 32.7
Jason-1 GDR-B (on GSFC orbit cycles) 1-21 / 73-177 60 2002.0 83.3 4.1 32.1 81.8 8.8 0.5 2.8 32.1
Jason-1 GDR-B + GSFC (ITRF 2000) 1-21 / 73-177 60 2002.0 78.7 4.2 32.7 81.3 9.0 -0.9 2.8 32.6
Jason-1 GDR-B + GSFC (ITRF 2005-rescaled) 1-21 / 73-177 60 2002.0 82.9 4.2 32.5 83.7 8.9 -0.3 2.8 32.5

SSH BIASES: TOPEX/POSEIDON ABSOLUTE SERIES
TOPEX-B MGDR 237-365 59 2002.0 -9.3 3.3 25.0 -8.2 4.8 1.0 3.1 25.0
TOPEX-A MGDR 211-235 11 2002.0 -2.9 6.0 20.0
POSEIDON-1 MGDR 211-365 6 2002.0 -14.4 9.6 23.4
TOPEX-B MGDR + TMR drift (old correction) 237-365 59 2002.0 -3.9 3.3 25.0 -2.4 4.8 1.3 3.1 25.0
TOPEX-A MGDR + TMR drift (old correction) 211-235 11 2002.0 1.7 6.0 20.0
TOPEX-B MGDR + TMR replacement product (TMR-rp) 237-365 59 2002.0 -12.6 3.2 24.7 -11.7 4.7 0.8 3.1 24.7
TOPEX-A MGDR + TMR replacement product (TMR-rp) 211-235 10 2002.0 -7.6 7.5 23.7
POSEIDON-1 MGDR + TMR replacement product (TMR-rp) 211-365 6 2002.0 -17.4 9.5 23.3
TOPEX-B MGDR++ (TMR-rp + TVG ITRF 2000) 237-365 59 2002.0 -22.1 3.4 26.2 -23.0 5.0 -0.9 3.2 26.2
TOPEX-B MGDR + TMR-rp + TVG ITRF 2005-rescaled 237-365 59 2002.0 -19.4 3.4 26.1 -19.8 5.0 -0.4 3.2 26.1
TOPEX-B MGDR++ (on retracked data cycles) 290-364 35 2002.0 -21.4 4.4 25.8 -22.2 5.2 -2.3 7.8 25.8
TOPEX-B Retrack1 (LSE) 290-364 35 2002.0 -8.8 5.5 32.5 -13.6 6.4 -12.4 9.1 31.6
TOPEX-B Retrack2 (MAP) 290-364 35 2002.0 -15.0 7.1 42.0 -24.3 8.0 -24.4 11.3 39.3

SSH BIASES: FORMATION FLIGHT ANALYSES
Jason-1 GDR-A 1-21 15 111.0 4.2 16.2
Jason-1 GDR-B 1-21 13 85.3 5.7 20.6
TOPEX-B MGDR++ 344-364 13 -25.1 8.8 31.7
TOPEX-B Retrack1 344-364 13 -26.8 9.9 35.6
TOPEX-B Retrack2 344-364 13 -41.4 10.3 37.0
GDR-A – TOPEX-B MGDR++ 1-21 11 138.7 6.6 22.0
GDR-B – TOPEX-B MGDR++ 1-21 11 111.2 8.4 28.0
GDR-B – TOPEX-B Retrack1 (LSE) 1-21 11 114.4 12.1 40.0
GDR-B – TOPEX-B Retrack2 (MAP) 1-21 11 120.4 14.5 48.0

Bias Model Linear Model

Table 1. TOPEX/Poseidon and Jason-1 altimeter biases for various configurations. Numbers in red correspond Table 1. TOPEX/Poseidon and Jason-1 altimeter biases for various configurations. Numbers in red correspond 
to the products close to final ones except retracking and SSB issues. to the products close to final ones except retracking and SSB issues. 


