














Space-Time Smoothed SSH, Current Speed and Vorticity:
Present Capabilities from AVISO SSH Fields

(Geostrophic with 200 km x 1 month Smoothing)
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The coordinate system of the ROMS model is rotated 24° CCW from north-south/east-west.
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Figure 13. Alongshore wavenumber power spectral densities of simulated satellite estimates of the
signals and errors for: Column a) SWOT estimates of (top-to-bottom) SSH and geostrophically computed
cross-shore and alongshore velocity and vorticity obtained from simulated pre-processed SWOT data;
Column b) the same as Column a), except after isotropic smoothing using a Parzen smoother with
the same half-power filter cutoff wavelength of 10 km used in the pre-processing of WaCM data; and
Column c) WaCM estimates of (top-to-bottom) cross-shore velocity, alongshore velocity and vorticity
obtained from simulated pre-processed WaCM data. The red lines are the signal spectra computed from
the model after applying the pre-filtering for SWOT (columns a and b, with additional 10-km smoothing
in the latter) and WaCM (column c). The dark blue lines are the spectra computed empirically from
the simulated error fields, which were computed geostrophically based on the local value of the Coriolis
parameter f at each grid point in the case of SWOT. The green lines are the theoretical spectra of errors
derived in Appendix I, which are based on the constant value of f at the central latitude 37◦N of the CCS
model domain in the case of SWOT. All of the spectra were smoothed by ensemble averaging over the
individual spectra computed from alongshore grid lines that extend the full length of the model domain
with a cross-shore spacing of 5 km. For reference, selected power-law rolloff dependencies on alongshore
wavenumber l are labeled in the top panels of Columns a and b. Note that the rolloff of l−7/2 is not
significantly different from the rolloff of l−11/3 that was deduced from along-track altimeter data by Le
Traon et al. (2008) and is consistent with the l−5/3 spectral rolloff of velocity in surface quasigeostrophic
(SQG) theory (Held et al., 1995).

Figure 14. Alongshore wavenumber power spectral densities of simulated satellite estimates of the
signals and errors after 2-dimensional isotropic smoothing of the pre-processed SWOT data with half-
power filter cutoff wavelengths of 20, 50 and 80 km (left, middle and right columns, respectively) for:
Row a) SSH; Row b) geostrophically computed cross-shore velocity; Row c) geostrophically computed
alongshore velocity; and Row d) geostrophically computed vorticity. The solid red lines are the signal
spectra from the model after isotropic smoothing. The dark blue lines are the spectra computed empir-
ically from the smoothed error fields constructed based on the local Coriolis parameter f at each grid
point The green lines are the theoretical spectra of smoothed SWOT error fields derived in Appendix I.2
based on the constant value of f at the central latitude 37◦N of the CCS model domain. For reference,
the dashed red and green lines are the signal spectra and theoretical error spectra in Fig. 13a based on
the pre-processed SWOT data without additional smoothing in simulated ground-based post-processing.
All of the spectra were smoothed by ensemble averaging as in Fig. 13.

Figure 15. Alongshore wavenumber power spectral densities of simulated satellite estimates of the
signals and errors after 2-dimensional isotropic smoothing of the pre-processed WaCM data with half-
power filter cutoff wavelengths of 20, 50 and 80 km (left, middle and right columns, respectively) for:
Row a) alongshore velocity; Row b) cross-shore velocity; and Row c) vorticity. The solid red lines
are the signal spectra from the model after smoothing. The dark blue lines are the spectra computed
empirically from the simulated error fields after smoothing and the green lines are the theoretical spectra
of smoothed error fields derived in Appendix I.4. For reference, the dashed red and green lines are the
signal spectra and theoretical error spectra from Fig. 13c for the pre-processed WaCM data without
additional smoothing in simulated ground-based post-processing. All of the spectra were smoothed by
ensemble averaging as in Fig. 13.

Figure 16. Examples showing the characteristics of noisy data after isotropic 2-dimensional smoothing
to achieve signal-to-noise standard deviation ratios of 1, 2 and 3.16 (rows a, b and c, respectively).
For illustration purposes, these are maps of the normalized vorticity ζ/f constructed from simulated
noisy WaCM data as in Sec. 6.2 below for the case of uncorrelated speed measurement errors with a
standard deviation of σspd = 0.50 m s−1. The left, middle and right columns show, respectively, the noisy
estimates of ζ/f , the error-free ζ/f signal and the residual errors after smoothing with the half-power
filter cutoff wavelength λc labeled to the left of each row.
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Summary of WaCM and SKIM Wavelength Resolution Capabilities
in 4-Day Averages for S/N Standard Deviation Ratios of 3.16 and 2.00
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SKIM (Sea surface KInematics Multiscale mission) is a proposed European Space Agency 
Doppler radar mission to measure surface currents and waves across a swath width of 320 km. 
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Summary of WaCM and SKIM Wavelength Resolution Capabilities
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SKIM (Sea surface KInematics Multiscale mission) is a proposed European Space Agency 
Doppler radar mission to measure surface currents and waves across a swath width of 320 km. 



The Challenge of WaCM Estimation of 
Surface Current Divergence

Since the velocity field is nearly geostrophic on the scales 
that will be resolvable by WaCM, divergence is about 
10x weaker than vorticity. Estimation of surface current 
divergence, and hence vertical velocity, will therefore be 
challenging. 

•	 Divergence and vorticity both involve 1st derivatives of velocity. 
The residual noise variance for a given amount of smoothing will 
therefore be about the same for divergence as for vorticity.

•	 The signal-to-noise ratio will therefore be smaller for divergence  
than for vorticity. 

The resolution capability of WaCM estimates of divergence 
will thus be coarser than that of vorticity.
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