P Bonnefond, P Exertier, 0.Laurain, 0CA7GEOAZUR, Grasse, France
T.Guinle;CNES, Toulouse, France
P Femenias, ESAZESRIN, Frascati, Italy

Jon 2 et b Jason-2 Comrections. Jason-2. parameters
oo,

\¢

In collabora-

tion with the

CNES and

NASA  oceano-

m el unesplained.vaking or graphic  projects
the comlete set for better 9 (T/P and Jason), the
'OCA developed a veri-
fication site in Cor-
sica since 1996 and
operation: ince

1998.

Now, Corsica is, like the
Harvest plaﬂor
Jason-2 parameters side
G0RD oL MLES)

£t

EralisaystsNenisis
support a continuous
monitoring with a
high level of accu-
racy: a ‘point cal
bration’  which
yields _instanta
neous bias esti-

mates h  a Figure 3. Absolute biases determined from Senetosa sitefor TOPEX/Poseidon,

Jason-1 and Jason-2 2 wellas fom Ajacco site for Envisatand ERS-2

1. Radiometers minus GPS wet troposphere.

=

TP ALT-A (MGDR++)
TP ALTS (MGOR+s)

10-day repeatability of
(standard deviation) and

mm_(standard error). For a ) s Mo

time series, the stan. i et
m).
In-situ calibration of altimetric height (SSH for ocean su
faces) is usually done at the vertical of a dedicated CALIVAL site,
by direct comparison of the altimetric data with in-situ data. Adding
the GPS buoy sea level measurements to the “traditional” tide gauges ones, it offers
the great opportunity to cross control that is of importance to insure the required
accuracy and stability. This configuration leads to handle the differences compare to the alti-
metric measurement system at the global scale: the Geographically Correlated Errors at regional (orbit,
sea state bias, atmosphodc r:orr.ctloni. and local scales (geodetic systematic errors, land contamination
for the instruments, meter)
‘Gur CALIVAL activities are thus focused not only on the very important continuity between past, present and
future missions but also on the reliability between offshore and coastal altimetric measurement. With the recent ex-
tension of the Corsica site (Capraia in 2004 -nu Aecsiopmaunodl el ERARvrr: iuslas EovrEisltolpedomltetety
altimeter calibration for ERS -2, Envisat,
TIP and Jason missions. The upcoming
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TN S PR TR 2T Y] Figure 4. Comparison of averaged differences (every 5 km) between wet tropospheric correction

mllllon will naturally be included in our CAL/VAL activities but will require with L] radiometers and ECMWF model at Senetosa (a) and Ajaccio (b). The dashed red lines correspond to

some extension of the local geoids. This will permit to improve the essential link between all these long time series of sea level |haibussriiathinb il ines correspond to Sardinia overflight. The pink plain
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the calibraion process.
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8092 =-60.78 mm
"'“"]““""‘“”““'"“‘ psth detay vabue used on Jason) Table 3. Total footprint radii for past, current and future (italic) missions.
i orded by the tide gauge. These two ssh are located at two di 5
\ore altimetric measurement to tide gauges locations. The situation of the Coulea cal hraﬂnn i
ope can reach 6 cm/km (at Senetosa Cape) and specific GPS campaigns have been realized in order to e
il e e e e T o e e et IR e S I S <RI S
scribed in detail in Bonnefond et al. (2003a and 2003b respectively) and illustrated in
in this study, the calibration process has been applied in the same way to TOI’EXIPouldon. Jason-182 and ERS-2[Envisat satellites and for the Cape hmn o mm:;;}: "7"*"‘1‘"“’;“‘°’: ',f;:*
Senetosa and Ajaccio sites. The tide gauges series used in this analysis are illustrated where our longer time series is from the M3 location [eissiseed ity iy
at Senetosa and spans from May 1998 to now. footnotes for explanations of notations.
The presented altimeter biases are derived from Senetosa (TOPEX/Poseidon and Jason-182) and Ajaccio (ERS-2 and Envisat) tide gauges.
For TOPEX/Poseidon the altimetric data used are the MGDR, while it is the GDR-C for Jason-1 and Envisat, and the OPR-2 for ERS-2. For Jason-2
P Ofe gL ot i e FZet | et L fowt o et oV 108 3o e sl emmremee fo3 —
the of the series. For the others, the atmospheric corrections come from on board instruments (radiometer o= o :‘1"""‘ Table 4. Slope in the S5H and bias differences
and altimeter). The mean :Illm.l-r biases for each satellite are given in - Note that all the biases are corrected from the land contamina- T N ;":“"F’i;::';;"“‘""'“’""“’"""‘“"" (derived
tions described hereafter (radiometer and altimeter).

The wet tropospheric correction (path delay with a negative sign) is an important source of geographically correlated bias. Indeed, it is
o land calibration sites depending on the distance from the
coast and tho orientation of the satellite approach to the land. This for the Envisat
illustrated in - Compared to the case of T/P and Jason 122 overflight (ascending pass #85) at Senetosa where the impact can reach 10-15 mm
the bias induced by the MWR land contamination is at the level of few mm. Details on the land contamination and the technical description of S e e s e
the various radiometers are given in Bonnefond et al. (2010a, 2010b and 2011). — —— i, beping i 11 i,
so be evaluated by e from in situ GPS data. I R
xhibit a bias compared to GPS, while delays from the JMR and AMR using the Enhanced Path Delay (EPD) prod- T AimcerCation vt Abimee Calbcaion
uct developed by Brown (2010) agree with GPS at the millimeter level ( ) in an averaged sense. The m.. time series of JMR vs. GPS comparisons at ——— e
the Corsica site (more than five years beginning 2003) also permits monitoring of drifts in the path delay measurements. The use of the EPD products
also shows an improvement in term of m-hnny ( ) and the estimated drift for JMR is negligibl (oo H mmlyr). as the associated standard error is at
the same level. The of the wet reveal a very small bias of about +6 mm, close to the
one observed from the comparison with e (~+4 mm at the end of the interpolation area, )-The ebserved drift of 1 mmiyr in the compark
sons wm- GPS is at the same level than associated lundlrd error and so not statistically significant (this is mainly due to the 35-day repetitivity for
[ — Envisat lower than the 10-day ones for the Jason satellites).
Figare 5. SWH fom atimety a5 cton of SWH rom Investigations of errors in the wet
GPS buoy measurements: a) Jason-1 (b) Jason-2 (c) Such studies can the impact of

pass (#130) overflying Ajaccio site is

of satellite altimetry.
on the Sea Surface Height determination.

lute values of SWH diffe- ——
ines comespond o lnearregressions The Since 2000, a GPS buoy is also used in th at Senetosa. GPS b Iso provid . o 0
horizontal thin li rre s 10 the ted bnd t . R DD LoD oy L0g ~ e
to e for S oeton 110 90 for S abos oy the sea height variations due to waves. Because GPS buoy is drifting during the calibration pass (about 1 hour of igh-fate biases from tde gauges sea level measurements 2 a funcion of distance to
measurement centered on Time of Closest Approach), filtered sea height is removed to avoid sea height varia- ;’* ol ";"”" ) Joson 2 ‘:;'0”3‘/:’“"":;‘5‘";’;;;? ) Eimisat ot Moo Bhack
tions due to geoid slope. Standard deviation on the GPS buoy sea height residuals is then computed (Gsn). GPS w::‘fm;:;;(m ey “m‘“:;’;‘ *:';“'ﬂmgfimhmmgmmmm g
0y measurements have also their internal error which have been estimated during quasi-static session to be at the ‘reas descibed at the beginning of Section 3.1.1the srrght lai blackines comespond 10 the
level of 2.6cm (a".). The standard deviation on the GPS buoy sea height residuals is then the root square sum of o, and ‘/mean of the whole data and correspond to the d;;,‘m ‘mean bias computation used at the Corsica
Gwave (WHere Guave is the standard deviation of GPS buoy measurements due to waves). SWH (or Hys) is then deduced from the calibration site. The vertical dash-dot ine on (d) corresponds to the Capu di Muro location. The grey
formui: shadedras comespondohesndard erorof e v i Tte bass tandad deviaton
SWHyuoy = 4.0wave

fed by the square root ofthe number values over 1 k).
Gurrent error budget of GDRs (Bonnefond et al., 2041) for SWH is 10% or 40 cm (which ever is greater) with a goal of

and , the comparisons between SWH from altimetry and SWH from GPS buoy
that the error on SWH is far better than what is expected from GDRs and very close to the goal.
7 ~87 %, whatever the satellite, the GPS buoy appears to be a valuable tool to validate SWH from

\ ever, it is difficult to validate it over the full range of SWH due to too harsh sea-state conditions to

W navigation for high values of SWH but also due to strong tilts of the SWH buoy that lead to lots of

losses of lock.

Jason-2 POSEIDON-3 - Cycle 047 - Pass 085

(details in lonneﬁmd etal., 2012)

Typical footprint values are provided in n

up to several kilometers off na o diissatepred signals can corru
quently range estimation. Analyzing the behavior of Sea Surface Height due to the altimeter
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to tides and ocean dynamics that are higher in magnitude than the expecting error itself. Moreover,
affect

- It clearly appears that

Corsica Sea Level Tide Gauges Records
gy, oo & Ao

-2 20-Hz waveforms for pass 4085 on cycle 047: the waveforms are plotted as

r scale) The 20 H Sea
site process is then perfectly designed for such a study as we correct for the geoid slope and the
imeter

deduced cycle-by-cycle al s is implicitly corrected from tides and ocean dynamics thank:
the differences between altimetric and tide gauges heights. Moreover, even if the cycl le altimeter
bias is the result of the mean of all the high-rate entering the surfaces mapped with the Catamaran-GPS,
the individual high-rate are saved and can be stacked over a long period to be able to extract any persistent
behavior as a function of distance to the coast. ustrates this for T/P, Jason 1&2 and Envisat. Re-
sults at Senetosa ( ) clearly show a drop of the Sea Surface Heights for T/P and Jason satellites when ap-
proaching the coast but while the estimated slope is very small for T/P (~2mm/km) it is about four
times bigger for J 182 (~8 mm/km). illustrates what happens when Jason 2 is ap-
proaching the coast with a clear modification of the shape of the waveforms. Far off the
Eomats; (Wsyefori. s contol faltolne rownl modetlWhich 1 e[ modsi sy isealto e
track the ocean waveforms. From 10 km offshore, the slope of
edge is slightly modifying. Th becomes mo; poaky’
weaker land signals and the estimates pro-
vided by the retracking algorithm are palemlal allered
Thanks to a large number of GPS buoy deployments at Senetosa since 2000 and
Nnulo since 2008 (respectively 98 and 12) and nouhly at different locations
for Jas we have derived mean values of the altimeter bias at offshore loca:
{Homs whare the alimater shguld not be affected by land contamination. The re-
sults presented in are in good agreement with the general shape of
the high-rate biases and the lower values of the biases deduced from the GPS

corresponds to the linear regression separated at 10 km and the plain ine to a quadraticfit over the

‘Table 4. Siope in the SSH for MLE3, MLE4 and.
ICE retracking (Jason-2 GOR-D)

Jason-2 Altimeter Calibration
cle 110.36 and 82 to 146 - MLE3, MLEA, ICE
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Figure 2. Tide gauges time series n Corsica Bormetons P, Exertio,, Laurain, O, Tibaut, P, Mercior,
F, GPS-based sea level measurements o holp the charac-

saton proces o eom 2 GORD)tSentosa
fand for cycle 107.0n the upper panel,crosses represent SSH for
high-rate data and diamonds for 1 Hz ones.On the lower panel,thel
altimetric heights are corrected from the geoid height differences
e tid gugerocations.On the map t g theHigh it s
1 Hz data are plotted at their locations along with their footpri

circles deduced from Chelton et al.(198) formula.

buoy for T/P and Jason 182 at 10 km clearly shows that, even at 10 km, the
land contamination affects tha range. At Ajaccio, the location where the GPS ~ buoy.
is deployed is the only one far enough from any land to avoid contamination and the
W mean value of the GPS buoy hiases is also in good agreement with the shape of

0 15
the tide gauges high-rate biases. Distance from coast (k)

Fhgre 9. Sty tan Figure but g Json 2 MLES, MLE4 andCE retacing
GDR.D prod:

on dedicated a coastal
ion site such as Corsica can yield results
at strengthen the important
link between open-ocean and
coastal measurements
in the context of
the altimetric
error budget.
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