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ABSTRACT

The Radar Wind Sensor (RAWS) was proposed as a complement to laser wind sensors,
allowing coverage in cloudy regions excluded from laser coverage. Previous University of
Kansas studies showed the feasibility of the wind measurement at various levels in the
atmosphere and indicated that RAWS can also measure rain rates and ocean-surface winds. Here
we discuss measurement of the wind vector in terms of the scan patterns for a conically scanned
antenna. By using many measurements from cells about 66 km square and 132 km square, a
least-squares algorithm gives results that are reasonable for insertion into global atmospheric
models. For RAWS to be used successfully as a complement to a laser wind sensor, the design
of the two sensors should be integrated and radial velocity measurements in a given atmospheric

cell should be combined to get the most accurate results.



Introduction

Modeling global atmospheric circulations and forecasting the weather would improve
greatly if worldwide information on winds aloft were available. Recognition of this led to the
inclusion of the Laser Wind Sounder (LAWS) to measure Doppler shifts from aerosols in the
original plan for Earth Observation System (EOS) [1]. However, gaps would exist in LAWS
coverage where clouds are present. The RAdar Wind Sensor (RAWS) was proposed to fill these
gaps by measuring Doppler shifts from clouds and rain [2,3].

Previous studies showed that RAWS is technologically feasible. Sensitivity studies
showed the best single frequency and pairs of frequencies [4] and the required antenna size.
With the original power proposed, RAWS could measure most clouds types. With reduced
power, it can measure all but thin clouds [5]. The conical scan pattern gives two looks for every
point measured [2]. Use of estimates of the raindrop fall speed based on rain-echo intensity
solved the problem of the dependence of the wind solution on the vertical speed of hydrometeors
[6]. Also, studies showed that the combination of a laser and a microwave radar would reduce
the power requirements of the microwave radar [7].

This report discusses the derivation of the true wind velocity from multiple measurements
of radial velocity. Ideally the conical scan pattern would provide intersections of forward- and
aft-looking radial velocity measurements for individual points. In fact, the forward motion during
conical scans is such that one must use measurements from nearby, but not coincident, points for
most of the coverage area. In this report, we show simulations that indicate the accuracies that

may be achieved by using all measurements within a particular grid square.



Antenna Scan Pattern and Measured Points

RAWS uses a conical scan pattern that is similar to the proposed LAWS scan pattern.

The scan method is shown in Fig. 1. There, h is the altitude of the radar and © the nadir angle

Fig. 1. Conical scan pattern for RAWS.

of the scan beam. This is a single-beam scan that allows two looks at a given area along the

path parallel to the antenna moving velocity vector. The scan paths on the ground are plotted

in Fig. 2.
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Fig. 2. RAWS scan paths on the ground.

The possible scan swath width using plane geometry is

W=2h-tan (8 ) (1)

When the radius of the Earth is considered, W becomes

W,..=a(@ ,-8) © (2)
where a is the radius of the Earth and 9, is

8 ,=sin™( Lo

sinB@ ) (3)

The possible measured points on the scan path depend on the scan period T, and the antenna

dwelling time t, at one point. The total number of points on one scan circle is






































































































