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Introduction

A central goal of the Atmospheric Radiation Measurement
(ARM) Program is to characterize the cloud properties in
columns of atmosphere above the centres of the ARM
Cloud and Radiation Testbed (CART) sites. Techniques
developed at the CSIRO Division of Atmospheric Research
over the past decade or two are very relevant to this ARM
concept. The basis of the techniques, which have come to
be known collectively as the Lidar/Radiometer (LIRAD)
method, is to use two independent groundbased observa-
tions of clouds. A laser radar, or lidar, measures the cloud
height, structure and particle phase. A narrow-beam filter
radiometer measures the cloud infrared (IR) radiance. By
combining the lidar and radiometer observations with a
radiosounding of temperature, accurate information on
cloud infrared emittance can be obtained. If the cloud is
semi-transparent, which is often the case for high cirrus ice
clouds, then the cloud IR optical depth and profile of IR
absorption coefficient can also be obtained.

The secretofsuccess in the techniqueis to use aradiometer
with a narrow field-of-view compatible with that of the lidar
(~10 mR or 0.5 degree) and with a response time fast
enough to follow the observed rapid fluctuations in cloud
emission, which can often occur as different clouds come
into view. The radiometer axis should also be aligned with
the lidar and the two axes placed as close together as
possible sothatlidar and radiometer are looking effectively
at the same volume of cloud.

An infrared narrow beam filter radiometer is ideal for this
purpose. For a filter width of about 1 um wavelength and

asuitable detector, such aradiometer canyield aresponse
time of about one second, which will follow most cloud
fluctuations with minimum lag.

The LIRAD Method

The use of narrow beam filter radiometers with lidars goes
back some considerable time. The CSIRO Mark | radiometer
was designed and constructed in 1970 (Platt 1971). Since
then, improved versions (Mark il and Mark 111) have been
constructed (Platt et al. 1987). Using the LIRAD method,
much information has been obtained on the optical
properties of cirrus (e.g., Platt et al. 1987, Platt and
Harshvardhan 1988), as well on midlevel clouds (e.g.,
Platt and Bartusek 1974, Platt et al. 1978).

Basically the LIRAD method is a means of obtaining two
independent pieces of information on clouds, one in the
visible spectrum and one in the infrared. In principle, using
the theoretical relationship between visible and infrared
optical properties, one can then determine the total spectral
radiative properties of the clouds, to an accuracy which is
quite acceptable at present, as LIRAD has proven to be the
only reliable method of obtaining such data.

In LIRAD, the infrared radiometer measures the cloud
radiance continuously in a narrow region of the spectrum
(10.84 £ 1 um in the Mark | to Mark il radiometers. Mark
il and |ll also had capability for 8-13 um measurements).
Using suitable spectral data combined with radiosonde
ascents, the cloud radiance is corrected for atmospheric
transmittance and emission from water vapour, ozone,
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values of depolarization ratio A, with tropical clouds giving
the lower values (A = 0.3 at -60°C) compared with mid-
latitude clouds (A = 0.4 at -60°C). This aspect requires
further investigation.



