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ABSTRACT 

 Three sites were chosen for future UW-Scat deployment: windswept tundra, forest, and drift.  

Each site offers unique snow conditions that are representative of similar land cover types within 

the greater region.  An early spring melt allowed us to observe that shrubs buried within the 

snowpack can modify the frequency and distribution of flow fingers and melting fronts.  We also 

observed an acceleration of surface melt in areas where dark dust from an adjacent highway had 

become embedded in the snow surface. 
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INTRODUCTION 

With a renewed focus on large scale, global remote sensing of snow, bolstered by upcoming 

projects like NASA’s SnowEx campaign, the importance of ground referencing through in situ 

measurements is emphasized.  Recent studies have suggested that microstructural elements of the 

snowpack may be a critical driver of the radar response at Ku- and X-band frequencies further 

highlighting the importance of a comprehensive field data set (Thompson et al., in preparation). 

A field campaign, in April 2016, located at Environment Canada’s Trail Valley Creek research 

basin in the Northwest Territories focused on in situ snowpack measurements, and lay the 

foundation for a 3-year study that will combine ground-based radar observations at Ku- and X-band 

frequencies using the University of Waterloo scatterometer system (UW-Scat), with differential 

interferometric SAR techniques aimed at extracting snow volume information, and will therefore 

require a robust suite of field measurements.   

The primary objective was to explore the spatial variability of snow microstructure in a variety of 

seasonal arctic accumulation environments including a forested site, wind-swept tundra, and drifted 

snow.  The secondary objective was to identify optimal sites within Trail Valley Creek for future 

UW-Scat deployment.  Measurements included snow depth, density and temperature profiles, along 

with snow grain and stratigraphy observations augmented by NIR photography.  Employing a series 

of 5 m orthogonal snow trenches at each site, we investigated the spatial variability of the snowpack 

characteristics over short distance scales.  Local meteorological data, collected at three sites, 

provided evidence of the processes that controlled the snowpack development and metamorphosis. 
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STUDY SITE & METHODS 

TVC, shown in Figure 1, is a 63 km2 basin located 50 km north of Inuvik, NWT (Marsh & 

Pomeroy, 1996).  Situated over continuous permafrost on the northern edge of the boreal forest-

tundra ecotone at 50-180 m above sea level, it experiences a low-Arctic climate with short, cool 

summers and long cold winters bringing snow cover from September to May (Pohl et al, 2005; 

Pomeroy et al., 1998).  The yearly average temperature in the area is -8.2°C, and it receives about 

159 cm of snowfall annually, although much of this snow is relocated by wind transport and stored 

in drift features (Environment Canada, 2016). Vegetation in the open tundra areas is primarily grass, 

lichens and mosses while shrub tundra (alder, birch, and willow) and sparse spruce forest is found 

on hillslopes and in valley bottoms (Marsh & Pomeroy, 1996).  The terrain is hummocky and soils 

consist of peat, and silty clay soil (Pohl et al., 2005). 

 

 

Figure 1. Location of Trail Valley Creek, NWT including sites selected for future active microwave 

campaigns. 

Three regions were targeted:  windswept tundra, sparse forest, and drifted snow.  The snow 

accumulation in the drift was caused by a ~50 m diameter ring of shrubs surrounding the site.  In 

situ observations of snow were made in each snowpack type: depth, density, stratigraphy, 

temperature, grain size (visual estimate of maximum dimension of prevailing grain), and NIR 

photography (1000 nm).  Snow pits were excavated at the tundra and forested sites, and 5 m trenches 

were excavated at the tundra and drift sites.  Trenches were aligned parallel (NW-SE) and 

perpendicular (NE-SW) to the prevailing winter wind direction at each site.  In situ observations 

were made at 50, 150, 250, 350 & 450 cm along the trench face.  Snow surveys were conducted 

over 100 m transects at the two tundra sites, the forested site and the drift site.  Depth was measured 

with a MagnaProbe while density and SWE were obtained with an ESC30 160 cm SWE tube.  Soil 

roughness measurements along each trench were made by laying a 5 m levelling rod across the 

surface and measuring the vertical distance from the rod to soil surface at 10 cm intervals along the 

trench.  Meteorological stations established at the tundra 1, tundra 2, and forest sites collected air 

temperature, wind speed & direction, precipitation 
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RESULTS & DISCUSSION 

Summary statistics for the drift and tundra trenches are given in Table 1.  The maximum snow 

depth observed in the drift trenches was 116 cm and the minimum was 82 cm while the standard 

deviation in the NE-SW and NW-SE drift trenches was 11 cm and 6 cm respectively.  Tundra depth 

ranged from 21 cm to 38 cm and standard deviation in the NE-SW and NW-SE trenches was 6 cm 

and 3 cm respectively.  Average density in the drift trenches was higher than that of the tundra 

trenches, a result that was also observed by Sturm et al. (2005) for shrub-influenced snow drifts. 

Table 1. Summary of depth, density and SWE in the trenches. 

 
 

A summary of depth, density, and SWE observations from the snow pits is given in Table 2. 

Depths and densities of the tundra sites are similar to tundra trench observations. A density of 345 

kg/m3 observed on April 24 was caused by a knife-hard, high density mid-pack layer.  This feature 

was spatially discontinuous as it did not appear in the other tundra 1 snow pit but did appear in the 

NW-SE Tundra 1 trench at the 50 cm position, although it was only 3 cm thick in the trench 

compared to 8 cm thick in the snow pit.  In both instances this feature was found at a depth of about 

30 cm. 

Table 2. Summary of snow pit observations. 

 

 

A summary of depth, density and SWE measurements from the snow surveys is presented in 

Table 3.  Density of tundra snow was lower than that reported by Derksen et al. (2009), while the 

slab and hoar stratigraphy observed was similar.  Transect densities were also lower at all sites than 

those observed in snow pits and trenches.  Vegetation at the base of the snowpack hindered density 

measurements with the SWE tube and likely accounts for the relatively low densities.  A standard 

deviation of 24.5 cm at the drift site, was the highest observed value, and was caused by the presence 

and distribution of shrubs in a ring-like pattern surrounding the snow pit and trench sites.  This 

resulted in greater accumulation near the shrubs and less accumulation away from the shrubs.  This 

variation in depth may not have been evident from the pit and trench observations, but would have 

been captured by the snow survey which traversed the entire site.  The presence of shrubs tended to 

increase snow depth due to enhanced drifting and a reduction in sublimation (Sturm et al., 2001; 

Sturm et al., 2005). 

Site Position (cm) 50 150 250 350 450 Average Stdev

Depth (cm) 90 99 116 85 92 96 11

Density (kg/m3) 352 361 359 334 331 347 13

SWE (mm) 317 357 416 284 305 336 47

Depth (cm) 96 98 88 86 82 90 6

Density (kg/m3) 367 362 337 373 391 366 18

SWE (mm) 352 355 296 321 321 329 22

Depth (cm) 38 28 21 31.5 22 28 6

Density (kg/m3) 278 267 262 253 283 269 11

SWE (mm) 106 75 55 80 62 76 18

Depth (cm) 26 28 28 34 33 30 3

Density (kg/m3) 290 258 292 271 266 275 13

SWE (mm) 75 72 80 92 88 81 8

Drift NE-SW 

April 27, 2016

Drift NW-SE 

April 29, 2016

Tundra 1 NE-SW 

April 28, 2016

Tundra 1 NW-SE 

April 28, 2016

Tundra 1 23-Apr-16 53 275 146

Tundra 1 24-Apr-16 36 345 124

Forest 25-Apr-16 57 273 156

Tundra 2 26-Apr-16 40 273 109

Site Date
Depth 

(cm)

Density 

(kg/m
3
)

SWE 

(mm)
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Table 3. Snow survey summary. 

 
 

Vertical profiles of the snow trenches, including density and temperature, are shown in Figure 2, 

along with the soil roughness characterization.  Continuous layers have been identified and 

extrapolated between observation points using a dashed line.  Discontinuous layers have been 

marked with a black dot.  Ice layers have been indicated with a blue dashed line. 

 

Tundra 1 45.5 11.7 176 80

Tundra 2 50.1 9.2 251 126

Forest 62.7 7.2 218 137

Drift 90.6 24.5 284 257

Site
Average Depth 

(cm)

Stdev of Depth 

(cm)

Average 

Density (kg/m
3
)

SWE                   

(mm)
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Figure 2. Trench profiles for a) Drift NW-SE, b) Drift NE-SW, c) Tundra NW-SE, and d) NE-SW trenches.  

Soil surface is illustrated with brown line. Primary morphological grain shape per layer shown on right side 

of figures. 

Comparing the soil profile for each trench in Figure 2 with the associated air-snow interface 

profile it is noted that the hummocky terrain produced a profile that was far rougher than the air-

snow interface which was visibly smooth and did not incorporate the hummocks beneath.  This 

phenomenon was noted by Sturm & Benson (2004) who observed that the influence of the tundra 

topography on the snow layer geometry was consistently reduced with snow depth.  The tundra 

topography therefore explains the observed variation in snow depths at TVC given in Tables 1, 2, 

and 3, and also the spatial variability in stratigraphic features at shallow depths with in the snowpack 

such as the hard, dense layer buried in the Tundra 1 snow pit, and 50 cm position of the NE-SW 

Tundra 1 trench.  At shallow snow depths, the effects of wind in terms of deposition and 

redistribution were spatially variable and influenced by the hummocks and therefore contributed to 

variability in the distribution and characteristics of wind slab layers. 

Daytime maximum air temperatures exceeded 0°C (Fig. 3) towards the end of the month leading 

to extensive surface melt marking one of the earliest starts of the spring melt on record at TVC 

(Marsh, 2016, personal correspondence).  This increased snowpack density, and led to isothermal 

temperatures especially in the NW-SE drift trench (Fig. 2b).  It also caused percolation into the 

snowpack through visible flow fingers and wetting fronts (Fig. 4).   

 

Figure 15. Daytime maximum air temperature as measured near the Tundra 1 site.  Measurements from April 

27, 28 & 29 were taken from the Inuvik weather station, approximately 50 km southwest of TVC. 
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Wetting fronts from recent melt events refroze into mid-pack ice layers.  Ice layers were 

continuous across the trench except for where larger vegetation (ie. shrubs) occurred.  Multiple ice 

layers are visible near the shrub to the right in the NW-SE drift trench shown in Figure 4 and suggest 

that in the presence of shrubs, the flow path for meltwater percolation, and perhaps the thermal 

regime, is modified.  This observation may be of interest for modelling snowmelt especially 

considering the proliferation of shrubs in the arctic tundra as predicted by Sturm et al. (2001) and 

Sturm et al. (2005).   

Vertical flow fingers are visible in the trench shown in Figure 4 and span the horizontal and 

vertical extent of the trench.  The NW-SE drift trench was excavated and photographed on April 29.  

The NE-SW drift trench and tundra trench were excavated on April 27th and April 28th.  Despite 

being excavated only 1 and 2 days earlier, they did not exhibit wetting fronts and flow fingers which 

is surprising given that earlier studies have found that wetting fronts in deeper snow are delayed by 

up to 4 days compared to shallow tundra snow (Marsh & Pomeroy, 1999).  This suggests an 

accelerated melt regime.  A possible explanation for this is the brown dust that covered the snowpack 

surface in discontinuous patches.  The dust appeared to have blown off of a newly constructed gravel 

highway along the western edge of TVC and coated the snow surface.  The dust likely decreased 

albedo and therefore increased the absorption of solar radiation thus accelerating melt in this 

location as observed. 

 

Figure 4. NIR photo (1000 nm) of NW-SE drift trench.  Dark horizontal features are refrozen melting fronts.  

Trench was excavated and photographed on April 29. 

CONCLUSIONS 

Three unique sites were chosen for future UW-Scat deployment as a result of this study.  The 

wind-swept tundra site offers snow conditions characteristic of the greater region, with the 

shallowest snow depth of around 40 cm (average of all sites).  Wind slab, depth hoar, and melt-

refreeze layers were generally continuous on short distance scales but were interrupted by 

topographic features and vegetation which modified the stratigraphy.  With an average depth of 

about 60 cm, the forested site offered deeper snow which remained sheltered from wind processes 

and therefore offered different stratigraphy.  The drift site offered the deepest snow, averaging about 

92 cm, with a lower proportion of depth hoar than the other sites and therefore a much different 

snowpack.  Variation in snow depth at each site was generally caused by local topography and 

location of shrubs, the distribution of which will be an important consideration for future ground-

based radar deployments. 

An early spring melt allowed for investigation of melt patterns in the snowpack.  Shrubs were 

observed to modify the distribution of flow fingers and melting fronts within the snowpack 

suggesting that their presence modifies the thermal regime of a melting snowpack.  This is an 

interesting finding that may have implications for snowmelt modelling. 

The early melt also allowed us to observe the acceleration of surface melt seemingly caused by 

dust from a newly constructed highway that became imbedded in the snow surface.  The dark-

colored dust appears to have decreased the snow albedo thus accelerating the melt. Whether this 

was a temporary condition caused by road construction, or a permanent change to the local melt 

regime remains to be seen. 
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