Radar Altimeter Calibration
using a  GPS-buoy in Corsica

JASON-1 POSEIDON-2 - Cycle : 21 - Pass : 85

L ++++JZ>++++++ Geoid height (m)
T+

e+ o R PR
. +++++#+ " +++ L + 472 474 476 478 480

ea height (m) from CNES orbit

20:5:54.59 20:5:55.31 20:5:56.04 20:5:56.76 20:5:57.49 20:5:58.21 20:5:58.94
UTC time (hh:mm:ss) - Date : 2002-08-04

Jason-1 Altimeter Calibration
Site of Senetosa: 1Hz data (SSB Table)

GPS Buoy experiment |

Senetosa (calibration location) : 03/07/2001
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The above Figure show Jason-1 altimeter bias determination from cycle 2 to cycle 25
for the three tide gauges settled at Senetosa Cape and for the GPS buoy. Cycle 22
corresponds to the last T/P over flight (365, 14th august 2002) but also to a change in
the JMR corrections. Cycles 23 to 25 will then be removed from the statistics in order
to work on a consistent set of data. The Figure below shows Jason-1 and T/P
] altimeter biases time series as well as their differences. While the mean bias
Y A S estimated for T/P is very close to the one obtain from the beginning of ALT-B
R o altimeter, Jason-1 altimeter bias is lower by about 30mm. However, this set of data is
not really statistically significant and we are confident that continuing the GPS buoy

experiment will provide results at the level of those obtained for T/P.
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Jason-1 and TOPEX/Poseidon Altimeter Calibration
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process. An example is given for T/P
270 260 20 300 310 320 cycle 350 where we can see undulations
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on the sea level deduced from GPS
which seems to be linked to GPS data
and/or kinematic process.
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T/P and GPS buoys SWH T/P, Jason-1 and GPS buoys SWH
Site of Senetosa Site of Senetosa
“—T/P: mean = 68.2 cm / std = 34.7 cm (5 lason 70.0 cm/ std = 36.3 cm

GPS buoy: mean = 66.1 cm / std = 39.4 cm H cm/std = 25.8 cm
=70.5cm/std=29.9cm
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Wet troposphere path delay (mm)

Using GPS data from the geodetic reference point (Lighthouse) the wet troposphere Wind Speed from meteorology station has been

path delay is computed with GAMIT software using the following methodology: compared to T/P wind speed values in IGDR (using Wind
Speed from Witter and Chelton (1991) formulation,

GPS buoy measurements Significant Wave Height correlation

also prOVide the sea height Site of Senetosa: TOPEX/Poseidon Slgmflcant Wave Helght correlation

Site of Senetosa: Jason-1 and TOPEX/Poseidon

variations due to waves. L n— Jason-1 cycie ¢ Computation of a one per hour troposphere path delay constraint by a piecewise AVISO standards)

Because GPS buoy is R S e sty linear model (0.02m/sqrt(hour)). The Senetosa station is determined relatively to the

drifting during the European network using the stations of Grasse, Ajaccio, Cagliari, Zimmerwald, Results shows a good agreement with T/P and Jason-1
calibration pass (about 1 Wettzell, Matera, Roquetes-Torto. Low constraints are applied to the coordinates and of the IGDR products: the main part of differences may
hour of measurement , the precise ephemeris (GAMIT relax mode). An elevation cutoff of 10 is used and the be linked to the location of the meteorology station
centered on Time of 100 Wet Troposphere Path Delay correlation fixed ambiquities solution is considered. (altitude ~90m near the light house) where winds can be

Site of Senetosa: Jason-1 and T/P

different than off-shore. Correlations are 70 and 75%
respectively for Jason-1 and T/P with very similar time
series between both satellites.

Satellite (cm)
Satellite (cm)

Closest Approach) filtered
sea height is removed to
avoid sea height variations
due to geoid slope.
Standard deviation on the

/] The dry contribution is computed from Saastamoinen model using local
meteorological data (lighthouse meteorology station) and is removed from GPS
‘ I¢:Ietermination

(OJMR: 94% (slope=0.9 / cste=-1.0)
X TMR: 96% (slope=1.2 / cste=12.8)

* The resulting wet troposphere path delay is then computed by a linear interpolation
at the time of closest approach.

GP_S buc_>y sea height £ Wind speed
reSIduals IS the“ compl’Ited GPS t;IL(l)C())y (cm) GPS buoy (cm) % TROPOSPHERATH DEAY - Seneto . L Site of Senetosa
(Oshr)- GPS buoy = The time series of wet troposphere

measurements have also

their internal error which have been estimated during quasi-static session to
be at the level of 2.6cm (og4ps)- The Standard deviation on the GPS buoy sea
height residuals is then the root square sum of o4,s and owave (Where owaye is
the standard deviation of GPS buoy measurements due to waves):

(0shr)2 = (Ogps)2 + (Owave)2 Where ogps = 2.6cm
S0, owave = SQRT((0shr)2 - (Ogps)?2)

SWH (or Hy3) is then deduced from the formula below (Stewart R., [2001],
Introduction to physical oceanography)

SWHuuoy = 4.0wave where SWH,,., is the resulting significant wave height
deduced from GPS buoy measurements.

The analysis covers more than two years of T/P data sampled by about 20 over
flights where SWH have been deduced from the GPS buoy. This has allowed to
obtain various kind of sea states from very flat to relatively rough seas. Over
this time period results show a very good correlation between both sets of
SWH (98%) with a mean difference of about 2cm.

Since the beginning of Jason-1 mission SWH deduced from GPS buoy have
also been compared to Jason-1 determination. While the correlation with T/P
remains relatively good (92%) over the common observed period, the
correlation with Jason-1 is lower (77%). No clear bias has been observed but
the SWH coming from Jason-1 have higher standard deviation than T/P ones
(36cm and 26cm respectively) and the correlation of the two sets is about
60%. Because the SWH is used to compute the Sea State Bias, a "poor”
determination may affect it and then the deduced sea height. In our poster
"Absolute Calibration of Jason-1 and TOPEX/Poseidon Altimeters in Corsica"
we have shown that this effect can reach 20mm in the bias determination.

Correlation between T/P and Jason-1 SWH
Site of Senetosa: 60% (slope=0.3 / cste=51.9)
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TOPEX/Poseidon and GPS Wet Troposphere

Site of Senetosa

»—TMR: mean = -151.6 mm/ std = 41.0 mm
GPS: mean =-139.5 mm / std = 34.8 mm
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Wet Troposphere Path Delay correlation
Site of Senetosa: TOPEX/Poseidon

X TMR: 91% (slope=1.1/ cste=-1.5)

path delays determine by GPS in
comparison to TMR determination
show a good correlation (91%). Since
cycle 330, the permanent GPS
receiver settled at Ajaccio permits to
better constrain the solution and the
GPS and TMR solution are then
closer. Concerning the common
period between T/P and Jason-1,
correlations with GPS determination
are respectively 96% and 94%. On
common observed cycles, the
differences in term of path delay
correction (negative) are:

GPS - JMR = -20.1 mm

GPS - TMR = -8.1 mm

The resulting 12mm difference
between JMR and TMR means that
JMR "under-estimates™ the wet
troposphere path delay: Jason-1 bias
should then be higher by about
12mm (see "Absolute Calibration of
Jason-1 and TOPEX/Poseidon
Altimeters in Corsica" poster).
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