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ABSTRACT

This paper reports on a series of flights that were conducted off the east coast of Australia through and over
stratocumulus and fair-weather cumulus cloud fields. The CSIRO Fokker F-27 research aircraft was used to
obtain radiation and in situ cloud microphysical and thermodynamical measurements. Central to the analyses
presented in this paper were the measurements obtained by a spectrally scanning visible near-infrared radiometer
(SPERAD) which was designed specifically for the experiments reported herein.

Analyses of the data obtained during the flights that are reported in this paper showed that the clouds sampled
were warm and mainly maritime in character, with both low droplet concentrations and liquid water contents.
The stratiform clouds were shallow, with optical depths of about 10, Despite the lack of cloud vertical development,
significant concentrations of large droplets were recorded by the Knollenberg 2D probe. Variance analyses of
the cloud optical properties indicated that the sampled cloud layers possessed highly variable volume extinction
coefficients with fractional deviations exceeding 0.5 at most levels, whereas the single-scattering albedo and the
asymmetry parameter were more uniform along any given level. Variance analyses of the bidirectional reflected
radiation from Sc clouds indicated a variability of cloud reflectance on two distinct horizontal scales, which
could in turn be related to the scale of the relevant mixing processes. It was also found that the reflected radiances
from cumulus clouds were far more anisotropic in character than those reflected from stratocumulus clouds.
The spectral variation of cloud reflectance with wavelength also exhibited features that, on the basis of the
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comparisons reported, could not be fully explained by existing theory.

1. Introduction

It has long been recognized that clouds are one of
the most crucial, but least understood, components of
the climate system. This basic lack of understanding
stems from our inability both to realistically describe
the various life cycle processes of clouds and to predict
their radiative properties. Incorporation of these pro-
cesses is crucial in any attempt to model the realistic
feedbacks between clouds, radiation and dynamics.
Perhaps the greatest difficulty associated with the mod-
eling of these feedbacks is that the fundamental pro-
cesses that govern cloud production and dissipation
occur on a scale smaller than that resolved by large-
scale atmospheric climate models.

A process that is likely to play a central role in the
evolution of clouds and cloud systems is the interaction
of radiation with the atmospheric environment both
in and around clouds. This interaction depends on the
geometric structure of the cloud in a highly nonlinear
manner, and just how important the interaction is in
deriving the bulk radiative budget of the cloudy envi-
ronment is not yet fully understood. As a first step, it
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seems important to establish the extent to which en-
semble average-cloud variables (such as a bulk-averaged
liquid water and perhaps some bulk descriptor of cloud
shape, for example) are sufficient predictors of the ra-
diative budget of clouds. Because of the complexity of
this issue, and the lack of adequate multidimensional
radiative transfer theories, observational studies will
play an increasingly important role in providing an
understanding of the radiative transfer through a ran-
domly fluctuating cloudy medium.

This paper reports on aircraft measurements made
during two field experiments and their subsequent in-
terpretation. The experiments attempted to provide
some basic information on the structural, microphys-
ical and radiative properties of cumulus and strato-
cumulus clouds with the intention of obtaining some
insight into the complex transfer problems mentioned
earlier. The outline of this paper is as follows. Section
2 presents the specific objectives of the experiment and
much of the scientific background that provided the
original motivation for the study. Section 3 contains a
summary of the various parameters observed and the
instruments used. Section 4 contains a description of






