An Empirical Model for Wind-Driven Surface Velocity using Altimeter, Wind, and Pacific Drifter Data
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ABSTRACT

Drifter-AItimeter Crossing Points
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Ralph and Niiler (1999) (RN) analyzed long-term mean ageostrophic circulation
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Both along-track T/P SSH and 2-D gridded AVISO SSH (Ducet, et al., 2000) PR ARSI : wey ® ..,z" ¥ .- -‘:" '_:'.}:,?:":: - . similarly, but was available on a 1/4 degree grid and fitting lengths were Figure 0a Figure Ob

limited to 1 or 2 grid points on either side of the crossing. The fit generally
worked better at the longer lengths. The variance reduction at the optimal fit
length 1s shown in figure 6. The along-track fits are significantly better than
the 2-D gridded product in all cases, with the near-equatorial data showing

were used to estimate and remove the geostrophic velocity. The along-track
SSH performs slightly better than the gridded product, reducing the variance of
the observations by up to 70%. The optimal smoothing scale for computing
geostrophic velocity from along-track SSH varies significantly with latitude,

120° E 140° E 160° E 180° 160° W 140o W 120° W 100° W 80° W Figure 6: Geostrophic variance reduction vs latitude at the optimum fitting scale from Figure

5. Part "a" shows the total dataset, while "b" shows the de-meaned data. Note that the choice
of wind product only affects these curves by changing the number of observations.

RN model, in box: 110 — 290 and 20 — 26 npts= 5038

Figure 9: Wind model angle vs. latitude. This shows the angle which produced
the minimum residual variance when using the RN model. The two panels and
the 4 curves are as in figure 8.

Figure 1: Locations of drifter data crossing altimeter ground tracks. This is only a subset of the Pacific drifter dataset.
Both drogued and corrected undrogued data are present in this figure. Crossing points with a time lag between
altimeter and drifter larger than 3 days are not shown, and were not used in the analysis. Data in the 4 degree band
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velocity anomalies. The 'nolev' notation identifies results from using SSH
anomalies and full drifter velocities.

better geostrophic fits lead to better performance of the wind model, suggesting that residual
geostrophic velocities act as noise to reduce the performance of the wind model fit.

data at high latitudes. The bins centered on + 47 degrees are judged to be near the minimum
number of data required for reliable estimates, based on cross-validation studies done in
bands with larger numbers of observations.
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only for the velocity component in the cross-track direction. The Atlas wind product was
used.

RN values for wind model parameters seem to apply in the time-dependent case,
although there seems to be a trend with latitude, which may have to do with
unmodeled parameters, such as mixing layer depth.

Figure 2: Fractional variance reduction (variance of crosstrack drifter velocities after subtraction of estimated
geostrophic velocity, normalized by the variance before subtraction) plotted vs. half the along-track length
over which the surface slope was computed by a least-squares fit. The minimum for this latitude range (20-
26N) occurs at 85 km, with an uncertainty of +/- 5 km derived from the curvature at the minimum.

Figure 10 shows wind model scaling factor vs. latitude for these same data. The scaling
factor multiplies the 0.065 drag factor used in the reference RN model. Aside from greater
scatter at the equator and high latitudes, the RN value (1.0 in these units) seems to be
preferred in general.

Figure 8 shows the wind model residual fraction vs. latitude, for both total and demeaned
datasets. Along-track altimeter data outperform the 2-D product, in general, and Atlas winds
outperform the NCEP/NCAR reanalysis wind product.
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Figure 3: Histogram of residual velocities after the geostrophic fit,
normalized by their observed standard deviation.
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