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Instrumentation to quantify snow accumulation and transport
dynamics at two locations on the Ross Ice Shelf

DAVID A. BRAATEN, Department of Physics and Astronomy, University of Kansas, Lawrence, Kansas 66045

S
now accumulation and transport dynamics on polar ice
sheets cause an almost continuous evolution of the local

snow profile due to several controlling factors including pre-
cipitation events, wind transport, vertical redistribution (mix-
ing) by wind, sublimation and deposition, gravitational
forces, and metamorphic snow-crystal processes. These fac-
tors and their relationship to the procession of ice-sheet evo-
lution are complex, time-dependent, and geographically vari-
able. Wind transport of snow and the formation of snow sur-
face features constitute an especially complex process which
is essentially nonlinear, in that the turbulent air flow distorts
the snow surface which in turn distorts the flow. Quantitative
measurements of blowing snow in Antarctica have been con-
ducted by Budd, Dingle, and Radok (1966), Kobayashi (1978),
and Wendler (1989, pp. 261-279) using innovative experimen-
tal techniques to examine various characteristics such as
mass flux, and snow grain size as a function of height and
wind speed. Snow surface features associated with blowing
snow in Antarctica have been investigated in terms of external
properties such as size, shape, distance between features, and
movement (Budd et al. 1966; Kobayashi and Ishida 1979);
however, microphysical properties associated with surface
features, such as snow grain transport and mixing, remain
largely unknown.

To obtain greater quantitative insight into the time-
dependent processes of annual ice-sheet snow accumulation
and transport dynamics, new instrumentation has been
developed and was deployed January 1994 at two Ross Ice
Shelf locations influenced by different local wind regimes, but
generally influenced by the same synoptic-scale storms.
These sites are adjacent to the Willie Field (77.85°S 167.08°E)
and Ferrell (78.02 0S 170.800E) automatic weather stations
(AWSs) in the Ross Island region. This instrumentation,
referred to as the microsphere dispersal system (MDS), auto-
matically activates for a 10-second interval once every 14

days, dispersing inert, colored (high-albedo) glass micro-
spheres with a diameter of 120 micrometers onto the snow
surface. The microspheres act as a time marker and tracer to
quantify accumulation rate and microphysical processes of
snow transport, mixing, and surface feature formation which
influence ice-sheet growth in a windswept environment.

The MDS consists of three aerosol generator units, each
mounted on an aerodynamic mast (figure 1), and a pneumat-
ic system controlled by a microcontroller- based timing sys-
tem. The nozzle of each unit is positioned approximately 1.5
meters above the snow surface in a radial arrangement to
maintain consistent spatial microsphere dispersion on the
snow surface regardless of wind direction. Polyethylene tub-
ing connects the aerosol generator units to the pneumatic
system, which is buried at a depth of 1.5 meters. Each aerosol
generator unit consists of four individual aerosol generation
chambers containing approximately 300 milliliters of a single
color of glass microspheres (pink, green, orange, yellow.) Dur-
ing each activation, high-velocity dry nitrogen gas (approxi-
mately 100 meters per second) with a volumetric flow rate of
approximately 1,700 cubic centimeters per second supplied
by two 6.2-cubic-meter tanks of compressed nitrogen enters
one chamber of each aerosol generator unit, aerosolizes the
microspheres, which are located in the lower half of the
chamber, and exits through the round outlet nozzle with
approximately 25 milliliters of glass microspheres as shown in
figure 2. A total of approximately 5x10 7 spheres from the three
aerosol generator units is dispersed during each activation
and settle on the snow surface in elliptical patterns with
approximate dimensions of 5x1 meters and roughly oriented
in the direction of the mean wind.

A schematic diagram of the pneumatic system is given in
figure 3. The pneumatic system consists of two pressure reg-
ulators, four solenoid valves, and a microcontroller timing cir-
cuit. The pneumatic line downstream of each solenoid is
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Figure 1. Aerosol generator units and masts of the microsphere dispersal system deployed at the
Willie Field AWS. Flags mark the location of the buried pneumatic system.
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spheres occur when a solenoid
valve is opened by a custom-
designed microcontroller timing
circuit. This timing circuit was
designed for operation at low tem-
peratures and for low power con-
sumption, with key components
including a ROM-based 8-bit
CMOS micro controller, and a
micropower voltage regulator,
mounted on a custom-manufac-
tured circuit board. Power con-
sumption of the timing circuit was
measured to be less than 100
microamperes and verification of
low-temperature performance was
obtained by operating the timing
circuit while it was buried in dry-
ice. The algorithm executed by the
microcontroller uses the internal
timer and counters to activate a

Figure 2. Cut-away side view of an activated aerosol generator cham-
ber.
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Figure 3. Schematic diagram of the pneumatic system of the micro-
sphere dispersal system.

branched off to chambers of each aerosol generator unit
which contain the same color microspheres. Activation of the
pneumatic system and, hence, the generation of micro-

solenoid for 10 seconds every 14 days starting with solenoid 1.
After the next 14-day period solenoid 2 is opened for 10 sec-
onds, and so on, cycling back to solenoid 1 after solenoid 4
has been opened. Time of activation for each 14-day period is
accurate to within approximately 30 seconds. Both the micro-
controller timer and solenoid valves are powered by 12-volt
gel-cell batteries.

Snow core and pit sampling is planned for each site dur-
ing the 1994-1995 field season to quantify net accumulation
with a 14-day resolution, as well as snow transport and redis-
tribution by the wind. Laboratory identification microspheres
in snow samples is straightforward, and in principle, is sensi-
tive enough to identify a single microsphere in a sample.
Snow samples are melted, briefly centrifuged, and the cen-
trifuge tip is examined for microspheres with a low-power
microscope. If any microspheres are present, they are
removed with a disposable pasteur pipette and placed on fil-
ter paper, where the number and color of the microspheres
present in the sample are determined using a color video
microscopy and image analysis system.
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