of 1.5 m above the snowpack parallel to the ground surface. A series of five Cambell
Scientific model 101 thermistor probes were used to measure temperature at 5 and 10 cm
below the ground surface, at the ground-snow interface, and at two levels in the snowpack. These temperature profiles served to estimate the ground energy available for
melt and the cold content of the snowpack. Wind, air temperature, and relative humidity were measured at 60 cm and 150 cm above the snowpack at 1 minute intervals.
Although most of the instruments were not installed until the summer and fall of
1982, some preliminary snowmelt measurements had been made during the winter of 1981-82. The measurements consisted exclusively of air temperature and snowmelt lysimetry.
Two small snow lysimeters, providing a total surface area of 0.9 m 2 , had been installed in both the clearcut and forest. The 1981-82 winter saw a deep longlasting
snow pack with very little precipitation falling as rain. However meltrates due to
radiation were monitored and verified against a weekly snow survey. Results did not
match: meltrates registered from the lysimeter were either much greater or much less
than the direct snow survey measurements. It was hypothesized that due to drainage
channels within the snowpack, as described in Smith (1974), the melt water was being
routed either directly to or away from the small lysimeters. To overcome this problem, a
much larger lysimeter was used the following winter, this being more representative and
hopefully averaging out inconsistent meltwater routing. The large lysimeter is a 28 m 2
triangular-shaped tarpaulin of fiberglass-reinforced plastic. Runoff is fed into a
7.6-cm diameter pipe with the outflow being measured in a tipping-bucket arrangement.
Instruments were connected to four Cambell Scientific CR-21 data loggers programmed to
register samples, maximums, minimums and averages every 30 minutes. The data loggers
along with the tape recorders required to store the data were housed in insulated
Coleman coolers, heated with a propane heat exchanger and kept dry with silica gel.
Snowpack depth, density, and water equivalent were measured weekly on a 30-point snow
course in both the forest and clearcut, and precipitation was obtained from a recording
precipitation gauge in the clearcut.

Three approaches were used to determine snowmelt rates: (1) the energy balance,
(2) a water balance using snow lysimeters and precipitation data, and (3) a weekly snow
survey.
RESULTS AND DISCUSSION
With only the first season's data available the objectives of the study have not
been completely met although preliminary results have revealed some interesting relationships. Snowpack conditions this past winter (Table 1) were such that only a few
rain-on-snow events occurred after instrumentation problems were overcome. Only those
events that occurred when both clearcut and forest sites had significant snow cover
were monitored.
The first major, rain-on-snow event monitored was that of 23 January, 1983. Three
other events also met the criteria for analysis, 26 and 27 January, and the 10 February
storm that caused the Alberta Creek disaster on British Columbia Highway No. 99 near
Horseshoe Bay. For each event variables have been plotted showing the energy available
at the snow surface and the resulting runoff (Figures 3-5). Snowmelt amounts from
calculations using the Corps of Engineers' point snowmelt equations (USACE 1960) were
compared to the lysimeter and snow survey results. Radiation melt was calculated
directly from net radiation data. The equations used to calculate snow melt are the
Corps of Engineers' equations (USACE 1956), transformed for metric input.
Me = 0.957(Za-Zb)-1/6(ea-es)Ub

(4)

Mh = 0.2007(p/po)(Za•Zb)-1/6(Ta-Ts)Ub

(5)

Mr = 0.001251 Tr-Pr

(6)

where Me, Mh, and Mr are condensation, convection, and rain melt (cm/day) respectively,
ea and e s are vapor pressure of the air at height Za and snow-surface vapor pressure respectively (Mb), Ta is air temperature (°C) at height Za (cm), Ts is snowsurface temperature (O*C for melting snow), P and Po are air pressure (mb) at the study
site elevation and at sea level respectively, Pr is precipitation (mm), U is wind speed
(m/sec) at height Zb (cm). These equations were converted to give Me, Mh, and Mr in
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