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ABSTRACT

The characteristics and causes of a radar artifact called a flare echo are described. The spike or flare-shaped
echo typically has reflectivities <20 dBZ, and approaching Doppler velocities. It extends radially 10-20 km
downrange of some intense radar storm echoes. Zrnié recently proposed a three-body scattering scenario to
explain its occurrence, which consists of scattering by the hydrometeors to the ground, backscattering by the
ground to the hydrometeors and scattering by the hydrometeors to the radar. In addition he developed relationships
that predict the behavior of the flare reflectivities and velocities.

The data presented here support Zrnié’s three-body scattering explanation and relationship, indicating that
the flare echo power is dependent on the inverse cube of the distance from the large hydrometeors to the ground.
The flare Doppler velocities depend on the radial velocity and fall speed of the hydrometeors responsible for
producing the flare. However, it was found that Zrnié’s theory did not fully address anomalies observed for
scattering paths directly below the large hydrometeors and the contribution of their radial velocities to the flare
velocities.

In this paper flare echo data from Colorado and Alabama are compared. The Colorado flares are typically
more intense, extensive, and longer lasting and are highly likely to be associated with large (>2 cm) hail and
can thus be used as a warning signature. However, this use is not transferrable to Alabama storms where surface
hail rarely occurs with flare echoes. In fact, there is evidence that large raindrops may sometimes cause the flare
in Alabama.

The flare echo may cause difficulties for unaware researchers using multiple Doppler techniques to synthesize
wind fields. It is also a potential problem for forecasters interpreting the data and computer algorithms searching
for velocity features such as downbursts and gust fronts. The flare velocities may prove useful for nowcasting
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microbursts.

1. Introduction

An elongated radar reflectivity and Doppler velocity
signature resembling a spike or flare (see Fig. 1) has
been observed to extend radially outward beyond some
strong radar echoes. The signature which we chose to
call a “flare echo,” typically extends 10-20 km from
the back edge of the cell and exhibits reflectivities <20
dBZ,.! The Doppler velocities within the flare are usu-
ally toward the radar and have been observed to be as
strong as 20-40 m s~!. Figure 1, a black and white
photograph showing reflectivities associated with a flare
that occurred on 13 June 1984 near Denver, Colorado,
was taken when the flare was at maximum length; at
this time, golfball-size hail was reported at the surface.
This signature is not likely the same as the hailfinger
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1 Z, refers to the effective radar reflectivity factor. This means the
reflectivity is equivalent to that from raindrops scattering in the Ray-
leigh region where the complex refractive index is equal to 0.93.
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signature reported by Battan (1973). The hailfinger,
while not well defined, may include real precipitation
or sidelobe echo and may have any orientation, while
the signature presented in this paper is an artifact and
has a specific orientation.

The flare echo was first noted by the first author on
24 June 1982 during the Joint Airport Weather Studies
(JAWS) project from the National Center for Atmo-
spheric Research (NCAR) 5- and 10-cm wavelength
Doppler radars. A research aircraft in the vicinity re-
ported a hail swath on the ground from the storm pro-
ducing the flare echo and public reports indicated 1 in.
(2.5 cm) diameter hail on the ground, 5 in. deep. In
the 1984 Convection Initiation project in Colorado and
in the 1985 PRESTORM project in Kansas, flare
echoes were again reported with large and damaging
hail. Wilson and Reum (1986) originally called this
signature a “hail spike” based on studies from Colorado
which showed a close relationship with large surface
hail. However, after it was observed in the absence of
surface hail during the Microburst and Severe Thun-
derstorm (MIST) Project in Alabama, Professor Theo-
dore Fujita suggested it be renamed a flare. This paper
extends the studies of Wilson and Reum (1986) to in-
clude data from Alabama with the purpose of docu-






