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ABSTRACT

Actual data are used in one case to investigate the nature and source of vertical velocity errors resulting from
analyses of multiple-Doppler radar measurements. Consistent with earlier analytical works, larger errors are
found than would be expected from previous theoretical studies. It is shown that the reconstructed maximum
updraft speed in strong updrafts (>20 m s™!) is accurate, on the average, to within about 10% (standard deviation
of 10%). Storm advection, incomplete sampling of low-altitude divergence caused by the radar horizon, top
boundary errors, and uneven terrain are studied and all are dismissed as dominant sources of error in the case
considered here. The inability to determine a dominant error source has important consequences for the for-

mulation of vertical velocity adjustment schemes.

1. Introduction

The difficulties of obtaining the vertical component
of motion from multiple-Doppler radar data are sig-
nificant, as is evidenced by the many papers dealing
with vertical velocity errors that have appeared in the
literature. The first investigations of error sources dealt
with boundary errors and/or Doppler/terminal velocity
statistical uncertainty problems (e.g., Bohne and Sri-
vastava, 1975; Doviak et al., 1976; Ray and Wagner,
1976). Later, theoretical calculations and simulated
data were used to study many other error sources such
as storm advection/evolution, interpolation, etc. (e.g.,
Clark et al., 1980; Gal-Chen, 1982; Ray et al., 1983).
Practical experience, though, has shown that vertical
velocity errors are greater than one would expect from
these studies (Nelson and Brown, 1982; Carbone and
Carpenter, 1983).

There is.a need to devise better collection methods
and to formulate better adjustment techniques, and
these tasks can be accomplished only if the dominant
error sources are identified. For example, the founda-
tion of any vertical velocity adjustment method is the
a priori specification of the relative distribution of errors
in vertical columns. It is typically assumed that error
sources are essentially independent of height (Ray et
al., 1980; Nelson and Brown, 1982).

Here we take the approach of using actual data to
study and isolate various error sources. In the following
sections, data from one case are used to characterize
vertical velocity errors and to isolate and study four
error sources—storm advection, incomplete sampling
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of low-altitude divergence, top boundary errors and
uneven terrain.

2. Analysis techniques and data characteristics

Details of the dual-Doppler synthesis techniques
used in this study are described in Brown et al. (1981),
Nelson and Brown (1982) and Brown and Nelson
(1982), but a short description follows. A three-dimen-
sional grid is constructed by first selecting the grid cen-
ter to be colocated with the area of interest. Using this
point as a basis, a horizontal orthogonal grid is con-
structed which is the equivalent of making the as-
sumption of a “localized flat plane”. This causes the
compass direction to be exact only for the center of
the grid. For the domain used here (25 X 25 km), how-
ever, distortion near the edges of the grid are negligible.
In the vertical, the planes are established so that all
grid points at a given level are the same distance above
a spherical earth’s surface. The distortion of these
curved surfaces from a true orthogonal grid is negligible
for the distances considered here.

The first step in interpolating the data to the grid is
to pick a reference time. To minimize advection cor-
rections, a time is selected midway between the first
and last times of data collection for the volume scan
of interest. The data are interpolated to the grid using
a Cressman scheme with each data point time-to-space
adjusted to the reference time using a previously de-
termined storm motion vector. For each grid point the
weighted average deviation of the data collection time
from the reference time is computed. To correct for
the aspect angle problem described by Gal-Chen (1982),
these times are used to adjust the radar position by the
method referred to by Gal-Chen as the “NSSL” tech-






