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Motivation

The satellite altimeter scenario of the past two decades provides continuous and precise monitoring of the ocean surface with a beneficial spatio-temporal sampling.
Since 1992 two or more contemporaneous missions are continuously available (see Fig. 2). For climate studies a consistent long-term data record is a fundamental
requirement. However, combining missions with different sampling capabilities requires a careful preprocessing and calibration of all altimeter systems. A global multi-
mission crossover analysis Is able to connect the measurement from individual missions and merge them to one consistent long-term data record even if some of the

mIssions are not operating on a repeat ground track.

Method: Multi-Mission Crossover Analysis (MMXO)

The Multi-Mission Crossover analysis (MMXQO) takes advantage of the high
redundancy provided by a multiple surveying of the sea surface through
contemporaneous altimeter missions. The redundancy is expressed by short-
term single- and dual-satellite crossover differences Ax; in all combinations.
Together with consecutive radial errors é6x; they are minimized by a least
squares adjustment, which includes a variance component estimate to achieve
an objective relative weighting between different missions.
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Main steps: guns M

1) Computation of single and dual-satellite crossover
differences Ax; in all combinations

2) Minimizing both Ax, =x-x, and 6x=x,,,-x; and
estimation of radial errors x; at all crossover points

3) Derivation of relative range biases, center-of-origin
shifts as well as common error components of

ascending and descending passes

Fig. 1: Crossover differences

Output:

Time series of radial errors for each mission, which is used to derive

« Empirical auto-covariance functions of the radial errors

» Geographically correlated errors (GCE)

 Mean range bias 4r (per 10 day cycles)

* Mean differences in the center-of-origin realization 4x,4y,4z (10 day cycles)
* Global mean range bias for each mission (w.r.t. reference mission, TOPEX)
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Fig. 2: Overview on Altimeter systems providing measurements in the last 20 years

Data from all missions since 1992 are used for the MMXO. In order to get
consistent calibration results, it is necessary to harmonize these data sets as
far as possible. To achieve this, identical reference ellipsoids (TOPEX) are used
as well as same geophysical corrections whenever possible (EOT11a, DAC).

Moreover, actual orbits for each mission are used.

Empirical Auto-Covariance Functions (EACF)

The stochastic properties of radial errors
can be characterized by EACFs (see

Fig. 5 for three of the involved missions).
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Fig. 5: EACFs for Jason-1, Envisat, and ERS-2

Geographically Correlated Errors (GCE)

Error components having the same sign for ascending and descending passes are
called geographically correlated errors (GCE). The MMXO is able to reveal GCE from
the estimated radial errors for each of the involved missions. GCE mainly represent
problems in precise orbit determination (POD) but also include other geographically
correlated effects. Reprocessed orbits can significantly reduce the GCE, e.g. for ERS-

1 and ERS-2 (see Fig. 6).
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Fig. 6: Geographically correlated error for ERS. The left hand side is computed with early DEOS orbits and
the right hand side with the new REAPER orbits. The RMS is improved from 7.7 mm to 2.8 mm for ERS-1
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(top) and from 9.5 mm to 3.7 mm for ERS-2 (bottom).
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Radial Errors
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MMXO results in a time oA6F -
series of radial errors for 0441 -
every mission. = I B I R B V. ¥ S S B 1ol
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estimates with an average 0204_ fffffffff S -
sampling distance of about 0o s e
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15 seconds (over ocean area JD2000 [days]
only). Fig. 3: Radial errors for Jason-1 for a
subset of 2 days in September 2002
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Time Series of Range Biases
For each 10-day cycle one range bias is computed. These time series can
Indicate possible instrument drifts (e.g. Envisat first mission phase) or outliers
(e.g. Envisat in 2006, offset between side A and side B of ~1.7cm).
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Fig. 4: Range bias of Jason-2 (left) and Envisat (right) w.r.t. TOPEX
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Range Blases e _ \
L . Range Bias [cm]
For each mission included in <Mission> - TOPEX
the MI\[/DIXO rc])nebglobal meant | Jason-1 99+01cm
range bias has been computed.
- +
As these values can reach up Jason-2 17.420.2cm
to half a meter, it is important to ERS-1 44.1 +0.8cm
take them into account when ERS-2 6.9+0.7cm
co_ml:_)mmg different altimeter Envisat (repro) 450 + 0.6 cm
missions.
Tab. 1: Global mean range bias GFO 2.1+0.4cm
<mission> - TOPEX [cm *
! teml) |CESat 3.9+2.3cm
*|CESat range bias differs for each laser period. .\
*Cryosat result is based on baseline A data. Cryosat -58.6 £ 0.4 cm
~—._ - 00000000
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