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In January 2014, researchers and students in the Department of Geography at Nipissing University 

initiated a snow hydrology research project designed to combine high resolution isotopic sampling 

of snow with extracurricular undergraduate teaching and learning. The goal of the research was to 

understand how the isotopic composition of the snowpack varied from accumulation to melt in an 

effort to establish a snowmelt end-member for further study iof catchment hydrology on the 

Canadian Shield in Ontario, Canada. Physical snow properties were measured and snow/meltwater 

samplers were collected from bulk cores, snow pits, a snow measurement board, and snowmelt 

lysimeters. An on-site weather station, including an ultrasonic snow depth sensor, added 

meteorological data. 

The study site was an undeveloped parcel of land on the Nipissing University campus. The site is 

formerly a century-old farm homestead, and much of the land has been unmanaged for a number of 

years; natural vegetation has re-established itself over much of the land. Currently, a TransCanada 

oil pipeline passes through the property, although instrumentation and fieldwork avoided this 

regularly thawed area. The site is composed of mixed woodland on Boreal Shield terrain, typical of 

the surrounding region. 

Specific siting of fieldwork differed between the 2014 and the 2015-16 fieldwork seasons (Fig. 

1). In 2014, an Onset HOBO meteorological station was paired with a Campbell Scientific SR50 

sonic ranging sensor which collected continuous snow depth measurements at 10 minute intervals 

throughout the snow-on-the-ground season. A snow measurement board was co-located at the 

meteorological station and sampled at regular intervals. After depth measurements and snow 

samples were taken, the board was cleaned and placed on top of the snowpack to record “event” 

snow. A 100m snow course, oriented NNE-SSW was established nearby, as was an undisturbed area 

for repeated snow pits. Bulk and stratified snow samples were obtained along the snow course at 10 

m intervals at least once per week from January through April. Additional sampling occurred after 

snowfall events or during the melt period. Snow pits were dug approximately 2 m apart, with a 

sampling interval concurrent with the snow board and snow course. 
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Figure 1. Location of field site components during the 2014-16 period. Symbols: star = 

meteorological  and other sensor stations; circle = snow board; triangle = snowmelt lysimeters; 

open box = snow pit area; lines = snow courses. 

 

 

For the 2015-16 winter seasons, the snow board, snow course, and snow pit area were moved 

approximately 300 m north, while the meteorological station remained at the original site. A new 

snow measurement station was established at the new site, which included the SR50 ultrasonic depth 

sensor and soil moisture probes. The snow course was oriented in the shape of a cross, with N-S and 

E-W branches. 

Snowmelt lysimeters were constructed at each site for the three years of study. The structure of 

the lysimeters changed from year-to-year depending on observations of snowmelt patterns and 

meltwater catch efficacy. The original structure was a 2m x 2m x 10cm plywood box; this structure 

was too large, resulting in excessive meltwater and rapid overfilling of sampling containers. In 2016, 

a new pair of snowmelt lysimeters using 1 m diameter plastic pans were used which improved both 

the representativeness of the sample and ability to catch a reasonable amount of meltwater. 



Snowmelt lysimeter construction and use was hampered considerably by the low relief of the field 

site. 

 

 

Figure 2. A: a view of the 2014 site looking NNE. The snow course extends along the left edge of 

the photograph. The snow pit area is to the right of the meteorological station in the centre 

background. B: the meteorological station at the 2014 site. The SR50 snow depth sensor is 

position on the white frame behind the station. C: the sensor station at the 2015-16 site. The Onset 

HOBO meteorological station continue to run at the original location in 2015-16. In addition to 

measuring snow depth and air temperature (a key component of the ultrasonic measurement), two 

soil pits containing soil moisture sensors were included. D: snowmelt lysimeters installed at the 

2015-16 site. Due to low relief at the site, a trench was dug to contain the meltwater container. 

Water samples were collected during melt events (up to twice daily), volumes measured, and 

subsampled for isotopic analysis. 

 

 

An invaluable component of the research project included a group of volunteer undergraduate 

students who participated in the semi-weekly sampling program, running concurrent with regular 

course work. On each sampling day, a group of 2 – 4 students was organized via Facebook. At the 

sampling site, student would work together collecting bulk density measurements and snow samples 

along the snow course, and qualitative (e.g., presence of ice layers, grain morphology) and 

quantitative (e.g., layer thickness and density) measures of snowpack stratigraphy from snow pits. 

Impromptu lessons on sampling strategies, snow hydrology, and stable water isotope chemistry, at 

the request of the students, often accompanied the sampling. The efforts by the students have 

contributed to a multi-year documentation of snowpack stable isotope evolution and overall 

watershed-scale isotopic studies in the region. 

 

 

 

 

 

 



 

Figure 3. Student involvement in all aspects of snow sampling was a critical component of this 

project.  In 2014, winter temperatures at the site reached -40 °C, revealing to students some of the 

challenges faced when conducting winter research. 

 

 

While measuring in situ snowpack properties were an important component of this research, 

understanding the isotopic evolution of the snowpack through the snow-on-the-ground season was 

the primary interest (Fig. 4). During measurement excursions, several samples of snow – bulk cores 

from the snow course, 10 cm depth intervals from the snow pits, and event snow from the snow 

board – were collected, slowly melted at 4 °C to minimize fractionation processes, and subsampled 

for analysis. All snow samples were analyzed at the Integrative Watershed Research Centre at 

Nipissing University using a Picarro L2120-I cavity ring-down spectrometer.  

 

 

Figure 4: Left-to-right: snow depth, snow water equivalent (SWE), and 18O results for 2014-2016 

snow measurement years. These data were collected primarily by volunteer undergraduate 

students, many of whom participated in more than one year. In 2016, a relatively warm winter 

resulted in substantially different snow properties, particularly related to oxygen and hydrogen 

isotopes. These data are now used in other studies to understand the role that snowmelt waters 

hold in seasonally variable isotopic composition of streamflow in the southern Boreal region of 

Ontario. 
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