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ABSTRACT

The U.S. Department of Energy Atmospheric Radiation Measurement (ARM) Program operates 35-
GHz millimeter-wavelength cloud radars (MMCRs) in several climatologically distinct regions. The
MMCRs, which are centerpiece instruments for the observation of clouds and precipitation, provide con-
tinuous, vertically resolved information on all hydrometeors above the ARM Climate Research Facilities
(ACRF). However, their ability to observe clouds in the lowest 2-3 km of the atmosphere is often obscured
by the presence of strong echoes from insects, especially during the warm months at the continental
midlatitude Southern Great Plains (SGP) ACRF. Here, a new automated technique for the detection and
elimination of insect-contaminated echoes from the MMCR observations is presented. The technique is
based on recorded MMCR Deoppler spectra, a feature extractor that conditions insect spectral signatures,
and the use of a neural network algorithm for the generation of an insect (clutter) mask. The technique
cxhibits significant skill in the identification of insect radar returns (more than 92% of insect-induced
returns are identified) when the sole input to the classifier is the MMCR Doppler spectrum. The addition
of circular polanization observations by the MMCR and ceillometer cloud-base measurements further im-
prove the performance of the technique and form an even more reliable method for the removal of insect
radar echoes at the ARM site. Recently, a 94-GHz Doppler polarimetric radar was installed next to the
MMCR at the ACRF SGP site. Observations by both radars are used 1o evaluate the potential of the
94-GHz radar as being insect free and to show that dual wavelength radar reflectivily measurements can be

used 1o identify insect radar returns.

1. Introduction

During the past 20 yr, there has been substantial
progress in the development and application of milli-
meter-wavelength radars in atmospheric research (Kol-
lias et al. 2007a). Their short wavelengths (3 and 8.6
mm, corresponding to frequencies of 94 and 35 GHz,
respectively) allow these radars 1o detect clouds with
small droplets or ice crystals at high spatial and tempo-
ral resolutions and to infer important information on
their microphysical and dynamical structures (e.g.,
Lhermitie 1987; Frisch et al. 1995; Kollias and Albrecht
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2000; Sasscn et al. 1999; Hogan et al. 2005). Although
cloud radars are insensitive 10 Bragg scattering in the
lower troposphere, hydrometeors are not their only
source of atmospheric backscatter. Small insects pro-
duce strong radar echoes in the lowest 2-3 km of the
atmosphere (e.g., Clothiaux et al, 2000; Geerts and
Miao 2005), especially over land and during the warm
season. These insect radar echoes in the boundary layer
have reflectivities comparable to those of clouds and
precipitation, and they contaminate and mask the true
cloud returns, making detection of cloud base difficult
without the use of a laser instrument. Insect radar ech-
oes (“atmospheric plankton™; Lhermitte, 1966) are not
new to radar meteorologists and in some cases can be
used as a tracer of the wind field at low levels in scan-
ning weather radar applications (e.g., Vaughn 1985;
Achtemeier 1991; Wilson et al. 1994).
















































