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Correlating ice crystal
types with halo types

WALTER TAPE

Department of Mathematical Sciences
University of Alaska Fairbanks

Fairbanks, Alaska 99775

Halos are caused by the refraction or reflection of sunlight by
ice crystals in the atmosphere. Conditions in the antarctic inte-
rior are especially favorable for the formation of the well-formed
ice crystals necessary for fine halos. While ornate or poorly
formed crystals do occur at times, the crystals responsible for
elaborate halo displays tend to be simple hexagonal prisms,
ranging in shape from platelike to columnar (figure 1).

Plate crystals may tend to fall with their (principal) axes
vertical and to produce a characteristic group of halos. Colum-
nar crystals sometimes tend to fall with their axes horizontal
and then give rise to a second group of halos. In addition, the

Figure 1. Ice crystals collected as they fell at the South Pole on 16
January 1986. The large columnar crystal at the upper right is about
0.2 millimeter long.
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Figure 2. Ice crystals collected as they fell at the South Pole on 16
February 1986. The crystals were collected iii hexane liquid, and
they grouped together when the sample was moved. The longest
crystal is almost 0.4 millimeter long.
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columnar crystals may have their top and bottom prism faces
horizontal—such orientations are known as Parry orientations—
and in this case produce yet another group of halos. More or less
randomly oriented crystals will produce another group, the
circular halos.

During the austral summer seasons of 1984-1985 and
1985-1986 ice crystals were collected as they fell during halo
displays at the South Pole. A major goal was to provide an
empirical check of the theoretical correlation of crystal types
with halo types as outlined above. Many crystal samples are not

especially useful for that purpose because, as in figure 1, they
contain a variety of crystal types, and the halo display contains
many halos. A more helpful crystal sample is shown in figure 2,
in which all of the crystals are long hexagonal columns. Figure 3
is a computer simulation that shows the theoretically expected
halos if crystals shaped like those in the sample fell with their
axes approximately horizontal. The simulation closely matches
photographs of the actual display and thus supports the con-
clusion that the crystals indeed fell with their axes nearly hori-
zontal.

Figure 3. All-sky simulation of the halo display that occurred while the crystals in figure 2 were collected. The brightest halo is the upper tangent
arc. The faint V-shaped halo within the upper tangent arc is the (upper sunvex) Parry arc. The long curve crossing itself is the heliac arc.
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In addition to having their axes approximately horizontal,
about 10 percent of the crystals in the simulation had Parry
orientations and were responsible for the Parry arc and heliac
arc. Parry orientations have long been known to be the cause of
these two halos, but some writers have wondered whether a
simple columnar crystal would fall with two prism faces hori-
zontal. Perhaps some sort of cluster of crystals would be neces-
sary to achieve the horizontal prism faces, or in single crystals
perhaps two opposite prism faces would have to be much larger
than the others, resulting in tabular crystals. The presence of
the Parry arc and the heliac arc in the actual display, together
with the absence of clusters or obviously tabular forms in the
crystal sample, indicates that simple columnar crystals by
themselves can assume Parry orientations.

This display illustrates the sort of inferences that can some-
times be drawn from examining crystals during halo displays.

Thorough understanding of the relation between crystal types
and halo types would permit halos to be used as indicators of
crystal types present in halo producing clouds. Since crystal
types are thought to be a function of atmospheric conditions,
halo types should in principle be indicators of atmospheric
conditions.

The computer simulation program is similar to that originally
developed by Pattloch and Trankle (1984).

This research was supported in part by National Science
Foundation grant DPP 84-14178.
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Blowing snow in eastern Antarctica
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A large-scale U.S.-French experiment IAGO (Interaction-At-
mosphere-Glace-Ocean) was carried out in Adélie Land, East
Antarctica, and was first described by Wendler and Poggi (1980)
and Poggi et al. (1982). This experiment included setting up
meteorological towers to gather wind, temperature, and radia-
tion data; taking balloon, kite, and airborne measurements
through the boundary layer; and taking blowing snow mea-
surements. It is the last of these data, which were collected at
D-47 (67°23'S 138°43'E, 1,560 meters altitude), that will be high-
lighted here. The station is some 100 kilometers from the coast-
line, the winds are strong (12.6 meters per second mean annual
value) and very constant in direction (0.94 wind direction con-
stancy). Apart from their intrinsic value, blowing snow mea-
surements are also of importance to understand the mass bal-
ance of Antarctica better, because large amounts of snow are lost
to the oceans in areas as windy as Adélie Land.

We measured the number and sizes of the snow particles
photoelectrically with a device developed by the University of
Alaska. We patterned the design after Schmidt (1977), the big-
gest design change being that not only the frequency, but also
the mean size varied linearly with the output voltage. This is
important, because the cube of the diameter must be used in the
flux calculation, and small errors in the diameter might other-
wise result in large errors in the fluxes.

Measuring the fluxes photoelectrically has the big advantage
that the air flow is not disturbed as with mechanical devices
which have been previously used in Antarctica (e.g., Budd
1966; Radok 1970; Kobayashi 1978). Further, short integration

times are possible, giving a more meaningful relation between
wind speed and flux (e.g., Tabler 1975). In figure 1, frequency
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Figure 1. Number of particles per second (frequency) and mean size
of the particles against wind speed for one specific event (1 De-
cember 1985) and one specific height (30 centimeters) at D-47, East
Antarctica.
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