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Summary

The Velocity Azimuth Display (VAD) is a radar scanning mode in which a radar beam
is directed at a constant elevation angle and is rotated around a vertical axis. A VAD analysis
has been developed to determine kinematic properties of a wind field using a singe Doppler
radar. We propose in this paper, a technique and a numerical procedure of the VAD analysis
based on a least-squares-fitting method. We have also developed a numerical procedure of
correcting an aliased Doppler velocity.

Lhermitte and Atlas (1961) first described how a single Doppler radar could be used to
measure the horizontal wind field in widespread precipitation. Then Browning and Wexler
(1968) proposed a technique, which is based on a harmonic analysis, for measuring kinematic
properties of a wind field in a situation of widespread homogeneous precipitation using a single
Doppler radar. Assuming that the horizontal wind field is representable by its first-order
Taylor expansion, the VAD is fully described by the zeroth, the first and the second harmonic
component of a Fourier series that is an expansion of Doppler velocities as a function of the
azimuth. According to Browning and Wexler (1968), divergence is obtainable from the magni-
tude of the zeroth harmonic; wind speed and direction obtainable from the amplitude and
phase of the first harmonic; deformation and the axis of dilatation obtainable from the ampli-
tude and phase of the second harmonic. The harmonic analysis used to determine Fourier
coefficients necessitates a uniform distribution of Doppler velocity data along the scanning
circle of the VAD. Therefore, gaps of data due to the lack of precipitation particles lead to
a crucial error in the determination of the coefficients. On the contrary, the least-squares-
fitting method (see appendix) proposed in this paper works correctly even though there are
gaps in the distribution of Doppler velocity. Practically, we perform calculation of the VAD
analysis for the data including 50 points at least.

In order to obtain the vertical velocity using a single Doppler radar, the horizontal diver-
gence of the continuity equation is integrated from the surface. The procedure of integration
of the horizontal divergence considering the air density is also presented in this paper.

We have developed an algorithm in order to make an automatic correction of aliased
Doppler velocities. Before correcting aliased data, obtained data were smoothed by a running
mean method in the radial and the azimuthal direction with three non-zero data points. If
the variance of the three data averaged was larger than a given threshold, we deleted the data
as a noise. The basis of correcting aliased velocities is as follows. If the Doppler velocities
VR; and VR,_, are not zero, we compare VR;.; with VR;, VR;+32, and VR;—32 and choose
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the closest one to VR;.; of the three, where 32 is two times the Nyquist velocity of the
Doppler radar. If VR, is zero, we take non-zero VR, (k<i—1) which is the closest one to
VR;_, instead of VR,;. We performed this correcting procedure in the azimuthal direction
first and in the radial direction next.

The VAD analysis with a single scan, which was proposed by Browning and Wexler
(1968), needs or assumes particle fall velocities. In contrast, Yokoyama (1986) presented an
extension of the VAD method in which both the horizontal divergence and the particle fall
velocities are derived from two VAD scans of two different elevation angles. Meanwhiie,
Srivastava et al. (1985) developed an EVAD (Extended VAD) method. Assuming that the
horizontal divergence and particle fall velocities are a function of only height, they determined
both the divergence and fall velocities from numbers of VAD scans. The two extended
methods do not require knowledge of the particle fall velocities.

An example of the VAD analysis is presented in this paper. We observed a snowfall
associated with a midlatitude cyclone on 23 January 1988. The distribution of radial velocities
at a height of 2741 m is shown in Fig. 3 a, and its distribution after correcting aliased velocities
in Fig. 3b. The least-squares-fitting method gives a best fitting curve in Fig. 3 b (solid line).
The VAD analysis successfully gives the profiles of wind direction and speed (Fig. 4). The
time-height cross section of wind profiles (Fig. 5) shows a detailed horizontal wind field. Above
a height of 1.5km the wind is backing, which means cold air advection ; below the level the
wind is veering, which means warm air advection. The wind in the layer of 2km~3km
altitude has a hyperbolic tangent profile, which strongly suggests a possibility that shear
instability and shear-induced waves occur at a height of 2.5 km.



