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ABSTRACT  

The snow grain size and shape characterization, their evolution in depth (stratigraphy) and 
through the winter (metamorphism) are key parameters for the improvement and validation of 
climate and radiative transfer models as well as for remote sensing retrieval methods. This paper 
describes and discusses four different optical methods (two active and two passive shortwave 
methods) for in-situ determination of the specific surface area (SSA) of snow grains. We present a 
new shortwave infrared (SWIR) camera approach, compared with a light SWIR laser-based 
system measuring snow albedo through an integrating sphere (InfraRed Integrating Sphere, IRIS), 
similar to the system previously proposed by Gallet et al. (2009). The SWIR camera approach 
shows improved sensitivity to snow SSA when compared to the near-infrared camera, given a 
more contrasted and better calibrated image of the snow stratigraphy in a snowpit. The IRIS 
measurements directly on the wall of the snowpit, i.e. without snow sample extraction, give a 
better vertical resolution of measurements, but with a higher uncertainty than measurements based 
on extracted snow samples (fixed method). Improved accuracy (10%) and reproducibility in SSA 
measurements are obtained using the fixed IRIS system on extracted samples, validated against 
several methane (CH4) adsorption and X-ray computed micro-tomography measurements. 
Complementary to these measurements, macro-photographs of individual snow grains with an 
innovative multi-directional diode lighting system were taken. This method is very easy to handle 
in the field and allowing the retrieval of three dimensional (3D) representations of the snow grains. 
Such 3D snow grain representation appears very useful to characterize the snow grain shapes and 
types of extracted snow samples at each snowpack layers. 
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INTRODUCTION 

The snowpack parameterization (depth, density, wetness, temperature, cohesion and snow grain 
size/shape) is important for many climate and hydrological applications (surface energy balance, 
avalanche predictions, water resources management) (e.g. Hall, 2004; Armstrong and Brun, 2008; 
Brown, 2010; Foster et al., 2011). The seasonal and vertical snow grain size characterization are 
key parameters for snow albedo retrieval from solar satellite data (Jin et. al., 2008; Lyapustin et 
al., 2009; Fernandes et al., 2009), for snow water equivalent retrieval from microwave satellite 
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data (e.g. Chang et al., 1982; Durand et. al., 2008; Mätzler, 2006; Pulliainen, 2006;  Derksen et al., 
2010; Langlois et al., 2010a) and for studies of atmospheric-snow chemistry interactions (Grannas 
et. al., 2007; Dominé et. al., 2008). These analysis models still need to be improved with reliable 
and accurate ground-based snow grain measurements. 

Here, we present a new SWIR camera approach, at wavelengths comparable to our SWIR 
integrating sphere system (InfraRed Integrating Sphere, IRIS) and to the DUFISSS (Dual 
Frequency Intergrating Sphere for Snow Specific surface area) system (Gallet et al., 2009). 
Compared to the DUFISSS system, our IRIS system has two types of settings: mobile setting, 
which allows albedo measurements without extracting a snow sample and; fixed setting using 
extracted sample of snow, similar to the DUFISSS system. In parallel to these measurements, 
macro-photographs using a new multi-directional lighting system were taken allowing a three 
dimensional representation of the snow grains. 

Greatest extension (diameter, Dmax) of snow grain measured in millimeters has long been used 
as a classical parameter for characterizing its size (Fierz et. al., 2009). Given the variety of grain 
shapes (precipitation particles, rounded grains, faceted crystals, depth hoar, etc) and size 
distributions (Fierz et. al., 2009), the definition of grain size remains ambiguous (Aoki et. al. 2000; 
Mätzler, 2002; Taillandier et. al., 2007) and improved measurements methods are required. 
Moreover, grains are sometimes not a clear component of a snowpack as the boundaries between 
them are not always clearly identifiable (Dominé et al., 2008). Hence, the main objective of this 
paper is to analyze and compare several optically-based field retrieval methods of snow grain size 
and to discuss their accuracy and reproducibility with various measurements taken in Northern 
Canada and the French Alps. 

MODELED EFFECTS OF GRAINS SIZE AND SHAPE ON SNOW ALBEDO 

In radiative transfer studies, the “optical” diameter of particles (Do) is commonly used to 
characterize particle sizes for any given shape using the volume (V) to surface area (A) ratio 

where
A

V
Do 6  (e.g. Grenfell and Warren, 1999). The optical diameter can also be related to the 

so-called specific surface area (SSA) of particles. SSA can be defined by its surface area (A) to 

volume (V) ratio (
V

A
SSA  ) (in mm-1). The relationship between the optical diameter and the 

SSA is then:
SSA

D
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0  . In this study, we used the simple optical equation model suggested by 

Kokhanovsky and Zege (2004) (hereafter referred to as KZ04) for snow albedo computation:  
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where ,aR  is the spectral albedo, at the wavelength  ,   is the absorption coefficient of ice 
which depends on the imaginary part of the refraction index of ice (the refraction indexes were 
taken from Wiscombe, 2005), the constant b represents the shape factor and accounts for various 
types of grains (b ranges from 4.53 for spheres to 3.62 for tetrahedral grains, see Picard et al., 
2009a), Do is the optical diameter of the snow grain and K0 is the escape function and depends 
mainly on the incident lighting conditions (

7

9
 for normal incidence albedo and 1 for plane 

albedo). Figure1A clearly shows the higher sensitivity of snow albedo to Do in the SWIR region 
(>1.2µm) compared to the NIR region (<1.0µm). 
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Figure1. Spectral albedo of snow: A) for different grain sizes (Do) simulated with the KZ04 model for normal 
incident lighting (K0=9/7). The spectral responses of the NIR (dark gray rectangle) and SWIR (light gray 

rectangle) cameras are displayed. The wavelength of the IRIS and DUFISSS laser system are included in the 
SWIR camera spectral response. B) for different grain shape factors simulated with the KZ04 model for plane 

albedo (K0=1 and given b valCues) fitted to the Jin et. al. (2008) data (personnal communication). 

The effect of the snow grain shape is illustrated in Figure1. Spectral albedo of snow: A) for 
different grain sizes (Do) simulated with the KZ04 model for normal incident lighting (K0=9/7). 
The spectral responses of the NIR (dark gray rectangle) and SWIR (light gray rectangle) cameras 
are displayed. The wavelength of the IRIS and DUFISSS laser system are included in the SWIR 
camera spectral response.B. Simulations from the KZ04 model using different values of b are 
compared to computed spectral albedo using the improved geometric-optics method (IGOM) 
developed by Yang and Liou (1996) (derived from the data of Jin et al., 2008, personal 
communication). Four idealized shapes: aggregates of columns, solid hexagonal columns, spheres 
and hexagonal plates, were considered. For the same effective equivalent grain size, i.e. the 
effective diameter Deff defined above, aggregates have the highest albedo, whereas plates have the 
lowest. Spheres and columns produce similar spectral albedo (Figure1. Spectral albedo of snow: 
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A) for different grain sizes (Do) simulated with the KZ04 model for normal incident lighting 
(K0=9/7). The spectral responses of the NIR (dark gray rectangle) and SWIR (light gray rectangle) 
cameras are displayed. The wavelength of the IRIS and DUFISSS laser system are included in the 
SWIR camera spectral response.B) because they have similar asymmetry factors (Jin et al., 2008). 
Using an iterative approach to optimize the fit between the KZ04 and Jin et al. models, we sought 
the value of b which gives the best fit. Results show that b values ranges from 3.3 for aggregates 
to 4.3 for spheres or columns and 6.8 for plates (Figure 1B). These behaviors of spectral albedo 
variation (Figure1. Spectral albedo of snow: A) for different grain sizes (Do) simulated with the 
KZ04 model for normal incident lighting (K0=9/7). The spectral responses of the NIR (dark gray 
rectangle) and SWIR (light gray rectangle) cameras are displayed. The wavelength of the IRIS and 
DUFISSS laser system are included in the SWIR camera spectral response.B) given for mono-
dispersed sizes of idealized particles show that the shape of the snow grain could be important in 
the retrieval procedure, as also outlined by Picard et al. (2009a). However, in practice, snow grain 
samples include different sizes and shapes giving a poly-dispersed particle distribution. This will 
be discussed further in the result section. 

INSTRUMENTS USED TO DERIVE SSA AND GRAIN SHAPE 

NIR and SWIR cameras 
One of the instruments used in this study is sensitive to the near infrared and shortwave infrared 

(0.9-1.7µm) based on a cooled InGaAs array (320x256 pixels) (© Xenics Xeva-320). A filter 
centered at 1.295 ± 0.012 µm (Edmund NT62-863) is placed in front of the lens. This wavelength 
was chosen for the optimum sensitivity of the spectrum albedo to SSA (Figure1A). The advantage 
of such an instrument is the possibility to directly derive (after calibration) SSA the KZ04 model 
as shown in the previous section. 

We also use a Charged-Coupled Device (CCD) camera to acquire photos in the NIR spectrum, 
as suggested by Matzl and Schneebeli (2006). The Nikon AS-F D1X with 18-70 mm zoom lens 
was converted to an infrared camera at 0.75 µm (filter placed in front of the CCD) (see Langlois et 
al., 2010b).  

All measurements are done under diffuse lighting conditions using a white blanket, avoiding 
direct solar illumination. Following the protocol suggested by Langlois et al. (2010b), we also use 
image normalization to correct illumination variations over the image by successively taking an 
image of the snow profile (the snowpit wall) and a large reference homogenous panel nearly 
lambertian covering the hole surface of the snow wall. Furthermore, for each snow picture, at least 
two reference targets (Spectralon panels with reflectance values of 0.25 and 0.59 at 1.3µm) were 
placed on the snow wall in order to establish the linear albedo relationship between the normalized 
16-bit grayscale digital number and the reference albedo. Figure 1 shows the expected linearity 
and the high sensitivity of the cameras used. Such linear relationships are computed for each 
snowpit taking into account variations in lighting and geometric conditions. Figure 2 shows an 
example of a normalized image acquired with the NIR (left) and SWIR (right) cameras. The NIR 
image shows a better vertical resolution (mm/pixel) but the SWIR image shows a much more 
detailed snowpit stratigraphy (i.e. more sensitive to changes in SSA and density). 
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Figure 1. Typical NIR and SWIR albedo calibration curves. 

 

Figure 2. Example of a normalized NIR (left) and SWIR (right) image of the same 1m snowpit taken on the 
Sherbrooke University campus. Five Spectralon reference targets (nominal reflectances of 5, 20, 50, 75 and 

100% from the bottom to the top) can also be seen. 

Shortwave InfraRed Integrating Sphere (IRIS) system 
Another system used to measure snow albedo is the Shortwave InfraRed Integrating Sphere 

(IRIS) system, similar to the one developed by Gallet et al. (2009), using an integrating sphere 
(Labsphere ®, 10cm diameter) with 3 holes. The first hole is for illumination by a 1.3µm laser 
with a 1-cm beam expander. The second hole, in front of the laser, is placed in front of the target 
(snow sample) and the third one, in the perpendicular plane, is for an InGaAs photodiode detector. 
A diaphragm is put in front of the laser beam in order to measure the dark current and possible 
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parasitic light coming into the sphere. This light and simple system allows two operational modes: 
a fixe mode where a snow sample is extracted (cylinder sampler of 10cm diameter and 6 cm 
height) and put under the integrating sphere in a fixed position; and a mobile mode where the 
integrating sphere is placed directly against the snow wall (Figure 3). The mobile mode allows 
measurements directly on the natural snow surface without destroying its structure by extracting a 
snow sample. The cylinder used to sample the snow for the fixed mode is sufficiently large and 
high to avoid errors due to internal reflections of light (Gallet et al., 2009). 

As for the NIR and SWIR cameras, the IRIS system is calibrated to albedo for each snowpit 
using the same reference lambertian Spectralon targets taking into account any possible shift in the 
laser illumination. Figure 4 shows an example of a calibration curve. The non-linear response is 
due to a re-illumination effect of the reference panels by their reflected light (the higher the 
albedo, stronger is the re-illumination). 

 

 

Figure 3. Mobile IRIS system setup. 
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Figure 4. Typical IRIS reflectance calibration curve. 
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Multidirectional lighting macro-photographs 
In order to analyze the shape of the snow grain, we developed a simple optical system that uses, 

within an enclosed box, five blue diodes illuminating from five directions (nadir, N, E, S and W) a 
gridded green plate where snow grains are placed (Figure 6A). Five photographs with a macro-
lens (Nikon D40) are taken successively for each illuminated direction (Figure 5B). The first 
photograph gives the projected area of the grain with the diode illuminating from above and the 
four other photographs allow the digitization of the projected shadows. Knowing the angles of 
illumination and the exact position of each grain on the gridded plate, it is possible to calculate the 
height of the grain’s envelope from the tangent illumination path corresponding to the projected 
shadow in each direction. We thus derive a numerical height model of each snow grain and 
reconstruct a 3D representation of the snow grain (Figure 5B). From this elevation model, we 
derive multiple size parameters (values for the example shown in Figure 6A are given): projected 
area, mean height, maximum height, volume, total surface area, the ratio between the total surface 
area and the volume (noted SSAShadows), eccentricity, minor axis and major axis. The last three 
parameters are extrapolated from an ellipse enveloping the projected area of the grain. All the 
parameters are then averaged for each snow layer (generally about 10 grains per sample). It is 
clear that we cannot delimitate the cavities inside the grains, neither under the largest horizontal 
size. The volume and surface derived from these measurements correspond to the envelope of the 
snow grain and thus underestimate the true surface to volume ratio (SSA) value.  

The primary interest of these macro-photographs is to better characterize the shapes of the snow 
grains corresponding each layer of the snowpit. Such a simple system, very easy to handle only 
takes few minutes to acquire the five pictures but is relatively more time consuming for their 
processing. 

RESULTS AND DISCUSSION 

Albedo vs. SSA relationship 
Figure 6 shows the relationship between albedo measurements taken with the IRIS system and 

SSA values obtained from three different methods: 1) SWIR albedo measurements (DUFISSS) 
(Gallet et al., 2009), 2) methane adsorption (CH4) (Dominé et al., 2001) and 3) X-Ray Computed 
Micro-Tomography (Micro-CT) (Chen and Baker, 2010). The KZ04 model was fitted on the first 
dataset (DUFISSS). Albedo measurements from both instruments (IRIS fixed position and 
DUFISSS) were taken from the same snow sample. The SSA was then derived from the DUFISSS 
measurements with the Gallet et al. (2009) relationship and compared to the IRIS measurements. 
A slight adjustment to the IRIS albedo measurements was made due to the difference in 
wavelength of each instrument (IRIS at 1300 nm and DUFISSS at 1310 nm) and also due to the 
fact that the integrating sphere of IRIS is smaller than the one used for DUFISSS (see Gallet et al., 
2009). The calibration is given by: 

 
Ra;DUFISSS 1.024Ra;IRIS  0.025.  

 
Results show a good agreement with the KZ04 model using a shape factor b of 4.29 (snow grain 

shape corresponding to spheres in Figure1. Spectral albedo of snow: A) for different grain sizes 
(Do) simulated with the KZ04 model for normal incident lighting (K0=9/7). The spectral responses 
of the NIR (dark gray rectangle) and SWIR (light gray rectangle) cameras are displayed. The 
wavelength of the IRIS and DUFISSS laser system are included in the SWIR camera spectral 
response.B) (R2=0.99; RMSE=1.34 mm-1), meaning that the snow grain shape does not scatter the 
points in these conditions. This calibration is limited though to samples of SSA<50mm-1 and may 
differ for SSA values higher than 50mm-1. The overall accuracy of the IRIS system using the 
KZ04 model for retrieving the SSA in comparison to all these three SSA datasets is 1.59 mm-1, i.e. 
of the order of 10-15%. 

 



181 
 

 

Figure 5. A) Representation of the multi-directional lighting system B) Multi-directional lighting pictures of a 
grain taken on the Barnes ice cap (Canada) during the 2011 winter campaign. In this case, the major axis is 

7.51 mm, le minor axis is 4.05 mm and the maximum height is 3.39 mm. 
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Figure 6. Relationship between the IRIS derived albedo and SSA measurements from multiple instruments. 
Dotted line corresponds to the KZ04 albedo model. 

SSA measurements comparisons 
Figure 7 shows SSA measurements of the same snow profile taken in the French Alps with three 

different instruments. The first SSA profile is derived from the mobile IRIS albedo system, the 
second is derived from the DUFISSS system (Gallet et al., 2009) and the last one is determined by 
the CH4 adsorption method. 

 

Figure 7. SSA profile derived from 3 different instruments (IRIS, DUFISS and methane adsorption) taken in 
the French Alps in 2009 
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The two SSA measurements derived from albedo profiles (IRIS and DUFISSS) are in good 
agreement with the methane adsorption method taken as reference even though the mobile IRIS 
system shows more variability. This variability may be due to the variable distance between the 
snow wall and the integrating sphere. The bigger the distance, the lower the reflectance as the 
measured energy is inversely proportional to the square of the distance between the illuminated 
area and the detector.  

The snow SSA profile derived from the new SWIR camera system was then compared to the 
fixed IRIS system taken as reference. Example of measurements is shown in Figure 9 for the 
SIRENE site, Sherbrooke, Québec during the 2011 winter. 

 

Figure 8. SSA profile derived from the fixed IRIS system (extracted samples) and the SWIR camera in 
Sherbrooke (Canada) during the 2011 winter. The picture on the right shows the portion of the snowpit (5.75 

cm width) from which the mean SWIR albedo was computed. 

The advantage of using this new SWIR camera system (other than higher sensitivity to SSA as 
shown in figure 1a) is that it is less sensitive to lighting conditions and camera angle. This 
increases the reproducibility accuracy of the measurement. But, although the SWIR camera system 
shows more sensitivity than the NIR camera system, there are still some issues with controlling 
the lighting conditions. In optimum conditions, SWIR camera measurements are in good 
agreement with the fixed IRIS system as shown in Figure 8 (RMSE=3.02 mm-1). The optimal 
conditions are obtained by limiting direct illumination (on the snow wall and in the camera lens). 
The interest of such measurements (Figure 8) is the SSA values are provided at a 2-mm vertical 
resolution. With such resolution, one can clearly distinguish a fresh snow layer (49-50cm; SSA = 
16.51mm-1), a dense rounded snow grain slab (25-49cm; SSA=7.95 mm-1) a hard snow crust (21-
24cm; SSA=3.44mm-1) and a coarse depth hoar layer (4-21cm; SSA=4.68mm-1). The major 
difference between the SWIR and NIR camera measurements is the more accurate SSA values 
derived from the SWIR system as illustrated in Figure 9. 

Figure 9 compares the NIR camera-derived SSA against the IRIS-derived SSA profile taken as 
reference for a subarctic snowpit at Churchill, Manitoba (Canada). In the middle, the snow SSA 
profile measured with the NIR camera and the fixed IRIS systems is shown with the NIR picture 
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corresponding to the profile on the right. The disagreements between both measurements are 
mainly due to the higher sensitivity to illumination conditions of the NIR camera system. At the 
top of the snowpit, with the higher incident light intensity on the reference panel, the albedo 
measured by the camera is attenuated by the albedo normalization by the reference panel. On the 
contrary, near the bottom of the snowpit, the incident light is less intense on the reference panel 
which increases the relative albedo intensity after normalization. Near the top of the snowpit, the 
albedo measured by the IRIS system may be too high because the wavelength used appears too 
short for low-density fresh snow measurements as discussed by Gallet et al. (2009). 

 

Figure 9. SSA profile derived from the IRIS and NIR camera (middle) and corresponding 3D snow grain 
analysis derived from the multi-directional lighting system (left) (maximum dimension are given for each 
selected grain). The picture on the right shows the portion of the snowpit (5.4 cm width) from which the 
mean NIR albedo was computed. Data are taken during the 2010 field campaign in Churchill, Manitoba 

(Canada) 

The high vertical resolution of the NIR picture on the right of Figure 9 brings excellent visual 
stratigraphic information on the different snow layer. On the left side of Figure 9 examples of 3D 
snow grain analysis derived from the multi-directional lighting system are shown. From these 
measurements, we can extract grain shape information complementing the stratigraphic 
information of the NIR picture. The grain extension being relatively the same on the three axes for 
the top grain shown in Figure 9 helps to associate the grain shape of the snow layer to rounded 
grains. The other three grains having higher dimensions and a more elongated shape (major axis 
almost twice the size of the minor axis) can be associated to a depth hoar layer. 

In accordance to theoretical analysis, the grain shape influences snow albedo as shown in 
Figure1. Spectral albedo of snow: A) for different grain sizes (Do) simulated with the KZ04 model 
for normal incident lighting (K0=9/7). The spectral responses of the NIR (dark gray rectangle) and 
SWIR (light gray rectangle) cameras are displayed. The wavelength of the IRIS and DUFISSS 
laser system are included in the SWIR camera spectral response.B and also discussed by Picard et 
al. (2009a). However, measurements do not exhibit strong variation with the type of grains. 
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Indeed, our measurements (Figure 6) as well as those from Gallet et al. (2009) and Arnaud et al. 
(2011) fit well to the KZ04 snow albedo model with a fixed shape factor value for a large variety 
of snow types. This means that the grain shape seems to be of second order effect on the SSA 
derived by optical methods. Here, the snow grain shapes were analyzed using the developed multi-
directional lighting system.  

Figure 10 shows the relationship, for the same snow samples, between the optical diameter (Do) 
derived from the IRIS system and the longest grain extension (Dmax) as a function of the observed 
maximum height estimate (Hmax) of about 10 grains per extracted snow sample. Both parameters 
(Dmax and Hmax) were derived from the multi-directional lighting system and we considered the 
average value among all the grains analyzed for each sample. Figure 11 includes a large number of 
samples (379) covering a wide range of snow conditions along the Canadian winter from fresh 
snow with small grain (Dmax < 2mm) to depth hoar with very large grains (Dmax > 6 mm). Layers 
with a low snow density were not taken into account because of the issues discussed by Gallet et 
al. (2009). A general trend can be seen; Do values mostly vary between 0 - 0.9 mm while Dmax 
values can vary up to 10 mm with different heights. The observed scatted clearly shows the added 
value of the 3D analysis. For a given Do value, the grains can have a large range of maximum 
height from 1.2 to more than 2.8 mm. There are thus many grain sizes associated to a sphere 
having the same optical properties (Do). This Figure obviously shows that we add more 
information to SSA determination with such a device. Even though the optical diameter is a more 
accurate parameter for snow grain size modeling, the snow grain dimensions derived from the 
multi-directional lighting system are still very useful for quantifying the grain type and shape, 
which can provide insight to the various metamorphism processes that occurred within the 
snowpack.  

 

Figure 10. Comparison between geometrical (Dmax) and optical (Do) diameters of snow grain as a function of 
grain maximum height. Measurements were taken during the 2010 field campaign in Churchill, Manitoba 

(Canada). 

CONCLUSIONS 

The most accurate instrument for snow SSA determination is the IRIS system in a fixed mode 
(i.e. using extracted samples) which shows the best reproducibility (relative variations of 3 to 5% 
on SSA measurements). The mean accuracy of such a device is of the order of 10% compared to 
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methane adsorption method. The downside of such a system is the need to extract snow samples 
for measurements which can be difficult depending on snow conditions and stratigraphy (ice 
length, low grain cohesive layer…) and which lengthens the acquisition time to complete a full 
snow profile. Also, the vertical resolution of the fixed mode is lower than other systems such as 
the mobile IRIS system and the NIR/SWIR camera systems. The gain in vertical resolution with 
the mobile mode of the IRIS system reduces the accuracy of its measurements as shown in Figure 
7.  

The NIR camera system has shown to be less accurate for snow grain size measurement when 
compared to IRIS. The relative higher sensitivity to illumination conditions (Figure 9) and its low 
sensitivity to snow grain size variations in its spectral range (under 1µm, see Figure1A) makes this 
instrument less reliable for quantitative snow grain size measurements. However, its high vertical 
resolution (~1mm) and its fast acquisition time (5 to 10 minutes) make it a quick and easy way to 
extract visual layer information characterizing the snowpack. 

The lower sensitivity to illumination conditions and the higher sensitivity to the snow grain size 
variations (Figure1A) make the SWIR camera a more accurate instrument for snow grain size 
retrieval. Although the system provides similar vertical resolution to the NIR camera (~2mm), the 
SWIR camera is more complicated to install and the acquisition time is longer. However, 
improvements to the protocol are in progress in order to reduce the complexity of the setup and 
control the illumination conditions (increase the reproducibility). So far, this instrument has 
proven to be the best compromise between acquisition time, accuracy, reproducibility and vertical 
resolution. 

The last instrument described in this paper is a multi-directional lighting macro-photographs 
system for retrieving the 3D shape of individual grain from the directional shadow size 
measurements. Although this system is not designed to derive SSA, the added value of the derived 
information on snow grain shape and type appears very valuable. The simplicity of this device and 
its rapid acquisition time in the field (few minutes per sample) makes the system an easy way to 
objectively characterize snow grain shapes and types at the different layers within the snowpack, 
complementarily to SSA measurements.  
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