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ABSTRACT

The feasibility of determining components of wind velocity and precipitation particle terminal fallspeeds
from the equation of continuity for air and precipitation velocity data collected by Doppler radars is in-
vestigated. The investigation is carried out for a system which utilizes two Doppler radars as well as for a
system which utilizes three Doppler radars. When only two Doppler radars are available, it is necessary to
assume that the terminal fallspeed of precipitation particles is known. This assumption is unnecessary when
the data from three noncollinear Doppler radars are available. For suitably restricted precipitation regions,
the problems are shown to be well-posed in the mathematical sense and explicit representations of the solu-
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tions are obtained,

1. Introduction

In this paper, we first investigate the problem of
determining the three components of wind velocity from
the equation of continuity for air and precipitation
velocity data collected by two Doppler radars. For this
case, the terminal fallspeed of precipitation particles is
assumed known. We also investigate the problem of
determining the three components of wind velocity as
well as the terminal fallspeed of precipitation particles
from the equation of continuity for air and precipitation
velocity data collected by three Doppler radars. The
useé of an additional Doppler radar eliminates the need
to know or to assume the terminal fallspeed of precipi-
tation particles. For suitably restricted three-
-dimensional precipitation regions, the preceding prob-
lems are shown to be well-posed in the mathematical
sense and explicit representations of the solutions are
obtained.

The use of a single Doppler radar to determine
kinematic properties of the wind field accompanying
widespread precipitation has been treated in depth by
Browning and Wexler (1968). In this case, features of
the wind near the radar site are detived from the record
of radial velocity along annuli completely surrounding
the station when the air is filled with radar targets which
are good tracers of the horizontal component of the
wind. Measurements from two or more locations are
required, however, to estimate the wind field in a region
remote from the radar. Lhermitte (1968) has investi-
gated thelatter problem considering two Doppler radars

1 This work was performed on Purchase Orders ES-022-3024-67
and ES-022-3054-67 from the Environmental Science Services
Administration, National Severe Storms Laboratory, while the
author was employed by TRW Systems. The program of Doppler
weather radar studies at NSSL receives support from the Federal
Aviation Agency.

under the assumption that the component of the air
tracers’ vertical velocity along the radars’ lines of sight
is negligible. He has also outlined a method of approach
for the case of three Doppler radars under the assump-
tion of constant density air flow. Some of the significant
practical problems related to the distribution of particle
velocities within a pulse volume have been studied by
Battan and Theiss (1968), and least-squares polynomial
fitting techniques for smoothing measured data have
been proposed by Peace and Brown (1968). Additional
practical subproblems are discussed briefly in the
concluding remarks of this paper.

2. Coordinate system conventions and definitions

We are given a right-handed coordinate system
(%,7,2), where the plane 2= 0is assumed to coincide with
the surface of the earth, which is assumed flat. The
origin of the coordinate system is taken to coincide with
the location of one of three available Doppler radars.
The « axis runs from the origin through one of the two
remaining Doppler radars. The y axis is directed so that
the resulting orthogonal coordinate system is right-
handed. It follows that the three radars are located at
the points (0,0,0), (x2,0,0), (x3,y3,0). Since the radars
are noncollinear, we have x,70 and y;5¢0. The coordi-
nate system conventions are illustrated in Fig. 1.

For an arbitrary point (x,¥,2) above or on the plane
z=0, we define %(x,y,2), v(2,y,2) and w(x,y,5) to be the
components of wind velocity in the directions of the
x,,% axes, respectively. If the point (x,y,2) lies in a
region of precipitation, then the velocity of a precipita-
tion particle is given by (u, v, w+ V), where V(x,y,2) is
the negative terminal fallspeed of precipitation particles.

We assume that the radars measure radial com-
ponents of precipitation particle velocities in some






