Random inputs yield random outputs Retracker errors correlated by the waveform plateau
For Example
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Covariant errors in ocean retrackers
evaluated using along-track cross-
spectra
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Waveforms graph the power in a random process.
The first moment of the power fluctuations on the

plateau will be random.
If the moment twists clockwise, 6° and PPP
increase; (ONA)? decreases.
The errors are inevitably correlated. 1 it twists N ise, ° and PPP

(ONA)? increases.

'NOAA Lab for Satellite Altimetry, 2Technical University of
Munich, *Plymouth Marine Laboratory, “National

Oceanography Centre e Retrackers estimate model parameters: range, SWH, 0°, (ONA)Z

Retrackers Analyzed Parameters analyzed

Unweighted Retrackers: * RAWSSHA (orbit height minus retracked range
minus mean sea surface)

MLE3 and ALES do not

estimate (ONA)2 . - . ) )
ALES does not fit the ALES: Fits leading edge only; no (ONA)
plateau much at all. * MLES Fits all waveform without (ONA)? * SWH

* MLEA4 Fits all waveform with (ONA)? .o

| * PEACHI Newton-Raphson, all with (ONA)?
eighted fitting (PEACHI Nelder-Mead) gives Weighted Retracker:
little weight to the plateau and most of the

weight to the toe. * PEACHI Nelder-Mead, all with (ONA)?

————" /" This strongly correlates SWH and range, and
thus changes the sea state bias.

* PPP (pulse peakiness parameter)

* (ONA)?, if the retracker estimates this

Data analysis is at 20 Hz sampling for Jason-2 and
Jason-3, and at 40 Hz sampling for SARAL.

SSHA (Auto-) Spectra
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ALES is also very
good.
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Pulse Peakiness
Parameter (PPP)
spectrum looks
like (ONA)?
spectrum.

This parameter
depends on the
waveform only,
«and not on the
retracker, so only
3 cases are shown
here, one from
each of the three
data sets.
analyzed.

Two types of cross-spectral analysis:

1. MSC (magnitude-squared coherency), the square
of the linear correlation coefficient between two
variables. This shows us where one parameter is
correlated with another.

2. Admittance, the ratio (variable 2):(variable 1).
This shows us, e.g., meters of SSHA per meter of
SWH in sea-state bias.

Ji For retrackers fitting (ONA)?

to Ku, more than 50% of the|

i variance in o° is due to|

° ONA? MSC

variance in (ONA)? at A < 50|

km, reaching more than 90%.
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For MLE3, as much
as 20% of SSHA
variance is due fo 6°
variance in the

SSHA — SWH Cross-Spectrum: MSC

strongly correlates range
and SWH noise in the
white noise zone.

€
E
o Overall, correlations between SSHA and o®are | spectral bump. 3 g
2 o5 Ku (ONA)? fitting 2 3
% spikes to 35% in a H More than half the § — wavelengths.
< narrow band. 2 variance in SSHA is due 8 M
% ALES does best - 1o correlation with SWH < Admittance is
@ overall at 2 B in the spectral bump, if g P negative; SSHA goes
o the L0 MLE3 is used. PEACHI ] T down as SWH goes
covariance of SSHA . Ider-M E =] up; absolute value
and o, best, ALES good, in 2 0%-13% shown here.
spectral bump.
i, t
w00 o m m ® 65 & 165
Wavelength (km L)




Summary / Conclu

Sea state bias is not a constant percentage; it is
wavelength- and retracker-dependent.

The “spectral bump” is due to correlated errors.
Fitting (ONA)? increases o° errors.

Overall, ALES has the best noise spectrum (low
covariant errors, low/moderate SSB)

PEACHI Nelder-Mead minimizes SSHA variance but at
the cost of strong correlation with SWH and new and
larger SSB.

Summary / Conclu

* Comparison with SARAL AltiKa is instructive, as it
has a narrower field of view and is beam-limited
as well as pulse-limited.

This study was in a relatively quiet area of the sub-
Equatorial Pacific, so very large SWH or extreme
weather are uncommon. A more global study may
be needed to explore the full range of SSB
conditions.




