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Radar reflectivity and
precipitation rate studies at

Palmer Station and Faraday Base

R. WHINNERY, B. BARNHARDT, and J . A.
WARBURTON

Desert Research Institute
University of Nevada System

Reno, Nevada 89507

An experiment to determine precipitation rates in
snowfalls will be conducted cooperatively during the
1979 winter and 1979-80 summer field seasons in Ant-
arctica by researchers of the Desert Research Institute
and the British Antarctic Survey.

The study will employ the x-band radar located at
Palmer Station to record the reflectivity of clouds over
Faraday Base, which is 50 kilometers away in the Ar-
gentine Islands. A recording precipitation gage and ice
crystal replicator will be stationed at Faraday Base.

The experiment aims to ascertain the relationships
between radar reflectivity (Z) from precipitating storms
and the precipitation rate (R) of the snow (water equiv-
alent). Although the Z-R relationship is well known for
rainfall, only a few attempts have been made to obtain
the relationship for snowfall conditions.

Some of the earlier work of Gunn and Marshall
(1958), Carlson (1968), Sekhon and Srivastava (1970),
and Ohtake (1969) is summarized in figure 1. The es-
tablishment of the Z-R relationship normally requires
the assumption that one is dealing with spherical drops
of water in the atmosphere and that the drop size dis-
tribution follows the usual Marshall-Palmer (1948) re-
lationship.

It can be seen from figure 1 that the relationships so
far determined are in modest agreement in the precip-
itation rate range from 2 to 4 millimeters of water per
hour. Outside this range, the results diverge gradually
but significantly.

Because snowflakes or ice crystals vary so much in
shape and structure, one cannot generalize the results
for differing snowfall conditions. It becomes necessary
therefore to measure the ice crystal shapes and sizes so
that their equivalent water drop size distributions can be
determined. This necessitates replicating the crystals as
they precipitate to the surface and at the same time mea-
suring the precipitation rate of water equivalent using
a heated recording snow gage. A photograph showing
the gage and replicator installed at Faraday Base in the
1978-79 austral summer season is given in figure 2.

The experiment must be conducted under relatively
low wind velocity conditions, so that reasonably accurate
measurements can be made of precipitation rate and the
replicator can satisfactorily collect the falling ice crystals.
Also, we deemed it desirable to conduct the experiment
throughout the complete year's season so that a variety
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Figure 1. Comparison of Z-R relationships for snow. Key:
a. Z=2000 A20 - Gunn & Marshall (1958)
b. Z=1780 R221 - Sekhon & Srivastava (1970)
c. Z=1000 R267 - Carlson (1968)

of snowfall conditions and ice crystal habits, which are
a function of temperature, could be sampled.

One evident problem relates to the fact that the radar
at Palmer Station looks at a large cloud volume over
Faraday Base. The snow falling to the surface at Faraday
Base is probably representative of this volume, but up-
per air winds could complicate the physical correlation
between the two independent measurements.

Figure 2. Precipatation gage and crystal replicator installed
at Faraday Base, Argentine Islands.
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Agreement has been made to publish the results of
this work jointly with British Antarctic Survey scientists.

This work is being supported by National Science
Foundation grant DPP 77-22208.
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Large simultaneous disturbances
in antarctic ionosphere
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We are in the process of analyzing data from the high-
frequency doppler experiment conducted over the last
three years in the vicinity of the Argentine Islands (66°
15'S/64 0 16'W) by the University of Leicester and the
British Antarctic Survey. The experimental technique
and purpose of the experiment are described by Du-
deney and Jones (1976) and Dudeney et al. (1977).

Our analysis has revealed a surprisingly high number
of direct correlations between periodic variations in the
F region of the ionosphere, observed using high-fre-
quency doppler equipment, and variations in the Earth's
magnetic field. The doppler events in these cases occur
as short trains of oscillations lasting from a few minutes
to several hours, with periods ranging from 40 seconds
to more than 1 hour.

The short-period events (in the order of 1 minute)
appear to be associated with magnetic pulsations of the
Pi2 and Pc4 class (Dudeney and Jones, 1977; Koster-
meyer and Rottger, 1976).

An example of the long-period event is given in figure
1. Data from four transmitting sites and on two fre-
quencies are available, so that both the horizontal and
vertical structure of the disturbances can be investigated.
The doppler variations are of large amplitude and ap-
pear on all eight traces simultaneously, within the time
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Figure 1. Doppler frequency changes measured on two
transmitting frequencies (4.286 and 5.417 megaherz) for
night of 17-18 February 1977. Receiving station located at
Argentine islands (650 15'S/64016'W). Transmitting stations
located as follows: AB - Aimirante Brown (64053'S162053'W);
PP - Prospect Point (66 000'S/65021 'W); PA - Palmer Station

(64046'5/64°05'W); AD - Rothera Point (67034'S/68007'W).

resolution of the equipment. These are general char-
acteristics of the events, leading us to name them Large
Simultaneous Disturbances (LSD's).

The data from the Palmer Station transmission path
for the period 2300 to 0200 universal time (UT) have
been analysed in detail and the results are shown in fig-
ure 2. This gives variations in the H and Z components
of the magnetic field observed at Argentine Islands,
variations in phase path of the radio waves determined
by integrating the doppler trace, and the variations in
the height of maximum electron concentration in the F2
layer (hmF2) and in the ray apogee heights for the two
transmitting frequencies as determined from Argentine
Islands ionosonde data. The phase path and ionosonde
data show that the event consisted of a vertical displace-
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