Weather image

Optical phenomena
over Plymouth

lce clouds over south-west UK in the early
afterncon of 1 November 2005 provided
excellent conditions for observations of
optical phenomena, Figure 1 shows a
colourful circumzenithal arc together with
part of a 22° halo around the sun. As can be
seen from the satellite image in Fig. 2, the
shield of cirrostratus above 7500m, asso-
ciated with a warm front, was approaching
the British Isles from the south-west at
1157UTC and the optical phenomena
formed as light was refracted through this
ice-crystal cloud.

The 22° halo is caused by refraction of
light through alternate sides of hexagonal
ice crystals (Greenler 1980) effectively acting
as a 60° prism (Fig. 3(a)). The minimum devi-
ation angle, D, of light rays is ~22°, but rota-
ting the ice crystal a few degrees around the
central axis away from the minimum devia-
tion geometry causes only slight changes to
the deviation angle [(see httpy/fwww.
sundog.clara.couk/halo/circl.htm). Hence,
randomly oriented crystals in a cloud will
deflect light rays over a range of angles but
with a concentration around 22°. By con-
trast, the circumzenithal arc is produced by
flat plate hexagonal ice crystals suspended
horizontally in the atmosphere with the
light rays entering the top of the plate and
exiting through the side, acting as a 90°
prism (Fig. 3(b)). As its name suggests the
arc appears around the zenith and only
appears when the sun is less than 32° above
the horizon (for Fig. 1 the solar elevation was
~20°). Above 32° the ray in Fig. 3(b} is totally
internally reflected at the side face (Greenler
1980). The horizontal orientation of flat plate
crystals also produces sun dogs or parhelia
and these were also visible prior to Fig. 1.

The most striking difference between the
two phenomena is the colour, The 22° halo
appears mostly white since light of each
colour is deflected at a range of angles
greater than the minimum by the randomly
oriented crystals and all the colours super-
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Fig. 1 Digital camera picture of part of the 22° halo and circumeenithal are recorded at approximately 1400
UTC an T November 2005

Fig. 2 Visible band image from
the 8044 polar-arbiting Advanced
Very High Resolution Rodiometer
instrument at 1157 0T on |
November 2005, Image courfesy
of the NERC Dundee Satellite
Recenving Station and Remote
Sensing Data Analysis Service,
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