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ABSTRACT

Variance in horizontal and vertical winds are predicted when these components are computed from
dual-Doppler velocity measurements combined with terminal velocity estimates and the continuity equa-
tion. Errors in horizontal wind magnitude and direction are shown to be functions of wind dircction and
speed as well as spatial location. Vertical wind could be estimated with errors less than a few meters per
second up to altitudes near 14 km over a region 4dX4d, where 2d is the radar separation. Vertical wind
variance at high altitudes is related to accumulation of errors due to the integration of the continuity equa-
tion. The cause of wind variance is assumed to be uncertainty in mean Doppler velocity estimates produced
by spectrum broadening mechanisms (e.g., shear, turbulence). Two interpolation methods, used to estimate
Doppler velocity at common grid locations, are compared and their contribution to Doppler velocity variance
reduction is calculated. Terminal velocity variance has been related to uncertainties in drop-size distribu-
tions and reflectivity estimate variance. The methods derived herein are applied to determine the errors in

wind speeds calculated from dual-Doppler data.

1. Introduction

Wind fields can be inferred by combining Doppler
velocities, measured by two spaced radars, with
particle terminal velocity estimates and subsequently
solving the continuity equation (Lhermitte, 1970;
Miller and Strauch, 1974; Ray et al., 1975). Wind field
determination is greatly simplified if synthesis is per-
formed in cylindrical coordinates with an axis colinear
with the line connecting the two radars. Lhermitte
and Miller (1970) suggested that Doppler data acquisi-
tion be confined to planes in this frame (COPLAN
method) so that winds in each plane could be deduced
directly with minimal data interpolation. Irrespective
of the acquisition mode, wind synthesis is facilitated
when executed in cylindrical coordinates and Cartesian
wind components are derived from the synthesized
cylindrical components. We shall determine wind
estimate variance assuming this synthesis procedure.
Although we can solve directly for Cartesian wind
components, this necessitates a solution of a linear,
inhomogeneous, hyperbolic partial differential equation
to derive vertical wind (Armijo, 1969). Lhermitte and
Miller (1970) estimated errors in dual-Doppler derived
horizontal wind for regions where the particle’s vertical
motion can be neglected. In this paper, error in both
horizontal and vertical wind related to interpolated
mean Doppler velocity variance and error reduction
associated with interpolation is evaluated. Further,

vertical velocity variance is related to height-dependent
mass density and station separation.

To determine wind we must interpolate Doppler
data to a grid common to both radars. We analyze two
interpolation methods: 1) linear 4-point interpolation
appropriate for COPLAN data acquisition and 2)
distance-weighted spatial averaging applicable to
data acquired using azimuthal sector scans stepped in
elevation angle.

2. Wind estimate variance (cylindrical
components)

Although we seek Cartesian component velocity
variance for dual-Doppler derived wind, we first
evaluate the variance of the wind components il-
lustrated in the cylindrical coordinate system depicted
in Fig. 1. Following Miller and Strauch (1974) the
particle veloc1ty at a grid point in a plane elevated by
angle a is specified by
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where Vi, V, are the interpolated estimates of mean






