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ABSTRACT 

A scanning lidar system has been used at Aberystwyth (52.4°N, 4.l 0 W) to measure the 
backscatter and depolarization ratios in cirrus clouds. The measurements indicate that the 
height of maximum occurrence was near 9 km and that about 50% of clouds showed the 
presence at some height of ice crystals having a near horizontal orientation. The angular 
dependence of the backscatter about the vertical showed that the maximum tilt angle of these 
crystals from the horizontal plane was about 0.3°. 

1. Introduction 

Cirrus clouds have been identified as one of the 
major unsolved components in weather and 
climate studies (Bretherton and Suomi, 1983). 
They contain a significant amount of large non­
spherical ice crystals in which plates and stellar 
forms have been found to predominate at tem­
peratures above -20°C and columns at tempera­
tures below - 30 °C, as shown by observations at 
the ground and during aircraft flights (Weick­
mann, 1945; Magono and Lee, 1966). Further­
more, aircraft observations up to 5.6 km by Ono 
(1969) indicated that the crystals fall so that the 
greatest areas of the plates and longest edges of 
the columns lie parallel to the ground, such that 
the resistance of the air is a maximum. The 
reflection of sunlight from such orientated plates 
and columns is believed to produce certain 
optical phenomena in the sky (Greenler, 1980). 
Their presence has also been demonstrated in 
laser radar (lidar) measurements by Platt (1977), 
Platt et al. (1978) and Sassen (1984) of back­
scatter and depolarization at vertical and near 
vertical incidence, and by Gibson et al. (1977) of 
backscatter and extinction at different angles of 
incidence. The observations by Platt (1977), Platt 
et al. (1978), and Sassen (1984) referred to heights 
of 4.6-5.6 km, 2.4-3.0 km, and 4.7-5.1 km, re-
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spectively, the corresponding temperature ranges 
being -12°C to -20°C, -9°C to -l3°C, and 
·- 17 °C to - 20 °C. The three sets of measure­
ments were interpreted in terms of ice crystal 
plates. The observations by Gibson et al. (1977) 
referred to heights of 10-12 km, and therefore 
related to lower temperatures characteristic of the 
upper troposphere, and were interpreted in terms 
of ice columns. 

Asano (1983) has shown that the reflection and 
transmission properties of cirrus clouds with 
optical depths equal to or less than unity depend 
significantly on whether the ice crystals are 
orientated randomly in three-dimensional space 
or in horizontal planes. Thus information on the 
proportion of crystals showing horizontal orien­
tation is relevant to calculations of atmospheric 
heating rates involving cirrus. Furthermore, the 
observation of orientated crystals at different 
heights, and therefore temperatures, relates to the 
habit of such crystals. Finally, the changes in 
backscatter for laser beam directions about the 
vertical can provide information on the distri­
bution of ice crystals about the horizontal plane. 
The present paper describes lidar measurements 
at Aberystwyth (52.4°N, 4.l 0 W) which show that 
at any height in the cloud there is a 50% chance 
that ice crystals orientated within small angles of 
the horizontal plane are present. By analogy with 












