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Introduction

The National Oceanic and Atmospheric Administration’s
(NOAA) Wave Propagation Laboratory (WPL) operated a
sensitive, 8-mm wavelength Doppler radar in three recent
studies of clouds: the Cloud Lidar and Radar Exploratory
Test (CLARET), the First ISCCP‘® Regional Experiment
(FIRE 1), and the Atlantic Stratocumulus Transition
Experiment (ASTEX). Each experiment focused on cloud
radiative and microphysical properties in order to improve
cloud parameterizations in generai circulation models. An
overview of results from these experiments is presented to
demonstrate the unique measurement capability of 8-mm
wavelength (K, -band) radar.

When integrated with other remote sensors such as a
narrow-band infrared (IR) radiometer or a lidar, an
mm-wavelength radar can greatly extend the quantitative
microphysical information over that obtainable by any one
of the sensors alone. Operating at 8 mm also has other
distinct advantages for groundbased cloud remote sensing;
such radars can penetrate optically thick and high liquid
water content cloud layers. As a result, they can detect
cirrus clouds above regions of light precipitation that
attenuate lidar and shorter wavelength radar signals.

Radars at K,-band are generally less sensitive to ground
clutter than longer wavelength radars, making them
operable atclose range. Yetthe wavelength is long enough
to ensure that size parameters for cirrus cloud particles do
notextend into the Mie scattering regime, greatly simplifying
interpretation of the data. This paper illustrates the
significant cloud observing capability of millimeter
wavelength Doppler radar with recent examples from the
WPL K, -band Doppler radar (Kropfli et al. 1990).

(a) International Satellite Cloud Climatology Project.

The WPL 8-mm wavelength radar was designed with good
sensitivity and resolution to observe the small-scale
structure and microphysical properties of clouds. During
ASTEX, for example, it observed, with 37-m resolution, all
marine boundary layer (MBL) stratus and stratocumulus
clouds within 5km ofthe radar. More dense nonprecipitating
clouds and very light drizzle were routinely observed to
ranges exceeding 35 km. Characteristics of the radar are
summarized in Table 1.

A new offset Cassegrain antenna with good polarization
performance is now being developed for this radar to study
ice crystal shapes in cirrus clouds. Its capability for dual-
polarization at circular, linear, and elliptical polarization
basis states and the microphysical information obtainable
from such measurements are described by Matrosov
(1991) and by Matrosov and Kropfli (1993). These polari-
zation states are made possible by a rotatable quarter-
wave plate. This relatively unexplored technology based
on Gaussian optics theory (Goldsmith 1991) may be

Table 1. Characteristics of WPL K_-band radar.

Wavelength (cm) 0.866
Peak power (kW) 100
Pulse width (m) 37

Beam width (deg) 05

Dual polarization yes
Scannable yes
Transportable yes
Doppler accuracy (4 s dwell) <5cmst
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appropriate for other millimeter wavelength radars now
being developed for cloud research.

Ice Particle Size
and Concentration

Median Diameter D,, microns



