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DopplerScatt is a Ka-band coherent scatterometer,
designed to measure ocean vector winds and
currents over a wide swath.

e Data Products:

*  Vector ocean surface currents

Vector ocean surface winds

« Radar backscatter maps (sensitive to
surfactants such as oil films)

* Mapping capabilities:
* 25 km swath
*  maps 200km x 100km area in about 4 hours

e Performance characteristics:

* Velocity: 5-15 cm/s component precision

* Wind speed: 1 m/s accuracy for 3-20 m/s wind
*  Wind direction: 15 deg
e Spatial resolution: 200m currents, 1km winds
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GoM - Chevron Flight Campaign

Strong, warm core eddy
“Eddy Quantum” was the
target.

Four flight dates during the
week of April 24, 2018.

Line (a) out

About 4 hours of 30 minute
repeat passes in box (b)

Line (a) back.
Buoys at (¢) and (d).

VIIRS 1 km interpolated SST
underlay.

Flights funded by the Chevron
Corporation.
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Counts

GoM Vector Winds
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GoM Vector Winds (zoom)
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GoM Vector Currents (zoom)
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Eddy Quantum Wind Modulation

Scatterometer winds are measured: ]
— relative to surface currents.

— assuming neutral boundary layer
stability.

These assumptions cause scatterometer winds
to diverge from actual 10 meter winds in, for
example, a warm core ocean eddy! 1

Uy “
U(z) = Us + ?[ln(z/zo) + ®(z,zp,L)]

Right: The DopplerScatt measured wind .
field from March 25t L
(a) Original, scatterometer measured surface
relative equivalent neutral wind field with no
adjustments.

(b) Surface currents added back into (a)
using DopplerScatt-measured currents.

(c) Atmospheric stratification adjustments
made in addition to surface current.
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GoM Buoy Wind Comparisons

« RMS:
— .98 m/s
— 8.2 deg

* Good time-tracking.

* Winds were corrected
for surface currents
(with DS measurements)
and for boundary layer
stability.
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Wind Stress Power Spectral Density
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results from Vinnichenko (1970), Balsley and Carter (1982), Chen
and Wiin-Nielsen (1978), Kao and Wendell (1970), and Boer and
Shepherd (1983) (adapted from Lilly and Petersen, 1983).

Figure: Nastrom and Gage, 1984: 4 Climatology of Atmospheric Wavenumber Spectra of Wind and
Temperature Observed by Commercial Aircraft

1/3/20 9



Current Power Spectral Density

(d) LatMix: summer, 20 m depth DopplerScatt Current Power Spectral Density
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Figure: Callies et al. 2015 Seasonality in submesoscale turbulence
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Derivatives
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Wind Stress Curl — 0325 (low winds)
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Current Relative Vorticity — 0325 (low winds)
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Wind Stress Curl x10*

Wind-Current Curl Correlation
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Wind-SST Interactions
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Wind-SST Interactions
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Wind-SST Derivative Interactions
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Wind-SST Interactions
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Summary

* Summary:

— Scatterometer winds at Ka-band are consistent with buoy
observations.

— Winds, currents, SST, and their derivatives are coupled!

— The submesoscale structure of winds and currents are likely
interdependent on one another.

e To Do:

— Look at more regions outside the GoM and mesoscale eddy to
determine how the spectrum of winds/currents changes/

— Wavelet and filtering analysis to see what sorts of processes
drive the energy spectrum at different scales.

1/3/20 19



Thank you!

For more, see:

Rodriguez, E.; Wineteer, A.; Perkovic-Martin, D.; Gal, T.; Stiles, B.W.; Niamsuwan, N.; Rodriguez Monje,
R. Estimating Ocean Vector Winds and Currents Using a Ka-Band Pencil-Beam Doppler
Scatterometer. Remote Sens. 2018, 10, 576.
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Wind-Current Coherence

DopplerScatt Wind-Current Coherence
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DopplerScatt/Buoy Wind and Surface Currents

* The wind is vectorally
sensitive to the moving surface
currents.

* Project surface current speed
along the wind direction to do
analysis in speed space.

Up = UCCOS((pUC - ¢U10)

* Buoy winds are not sensitive to
the surface currents, so
differences should appear.

* Expect slope of negative one
for buoy-DS wind diff vs Up.

u
Us + —

U(z) p

[In(z/z9) + ®(z,z0,L)]

Best corr.
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DS - Buoy Speed Difference (m/s)

(Plagge 2012 for neutral stability)
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DopplerScatt/Buoy Wind Stress and Surface Currents

* The same analysis can be
done for DopplerScatt stress
and buoy stress, 7.

T= Paierll—jm - l—jsl((—jw - U—;)

» If we assume Us is zero for
the buoy, the expected stress
difference between the buoy
and DopplerScatt is:

AT = p,Cy (U2 — 2UyUs)

DS-Buoy Wind Stress Difference (Pa)
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Wind Work
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Wind-Work Power Spectral Density

DopplerScatt Wind Work Power Spectral Density
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Wind Stress Curl — 0324 (Moderate Winds)
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Current Relative Vorticity — 0324

. ’ -
| S EE—

|

90.7°W

90.6°W

—4

90.5°W

-9

~

00 4°W 00.3°W 00.2°W 00.1°W 00°"W
0 9 4

Relative Vorticity ¢/ f




Wind-Current Curl Coherence
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Spectra Methodology

* Grid winds/currents along track.
* Take spectrum along track for each cross-track bin.
* Multitaper windowing, detrended.

* Estimate mean and standard deviation of spectrum over all
cross track spectrum realizations using jackknife sampling.

* Perform over either a single date or set of dates.
* Power spectral densities shown.
* Coherence 1s magnitude squared.
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Derivative Fields Methodology

* Original wind/current fields taken in retrieved lat/lon coordinates at 400m resolution.
 Filtered to 1.5 km using a 2d gaussian filter.
* Curl and divergence taken for each flight line separately.

* Results are then gridded at 100m resolution (since flight lines overlap).
* Filtered back to 1 km and plotted.
* For spectra, the 1.5km filtered data are taken for each flight line.
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