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Snow fascinates human beings since time immemorial. First written evidence of 
snowflake observations date back to 135 BC (Needham & Gwei-Djen 1961). 
While snow crystals captivate us due to their hexagonal symmetry, snow on the 
ground has a not less unique structure. It is a complex, three-dimensional 
material with various grain shapes and sizes. Different parameters as the 
density, the snow specific surface area, porosity, curvature or connectivity have 
been established to describe the snow microstructure (Fierz et al. 2009). The 
snow specific surface area (SSA), which is defined as the area of the ice-air 
interface per unit mass or per ice volume, is an important microstructural 
parameter for understanding the electromagnetic properties and chemical 
processes in the snow. To determine the SSA, different measurement 
techniques have been proposed, one being micro computed tomography (µCT) 
where the SSA is calculated from 3D-images. µCT became a widely used 
technique in snow research, not only to measure the SSA, but also to 
investigate processes occurring during the metamorphism of snow (Kämpfer 
2007, Löwe 2011). Another measurement technique is the IceCube, a device 
which derives the SSA from the mid-infrared reflectance of the snow. 
 
Compared to the measurements using a Scanco Medical µCT40, up to 80 % 
larger SSA were measured with the IceCube (SLF, 2016). While the different 
algorithms used for the SSA computation from the 3D-images have been 
already examined by Hagenmuller et al. (2016) as source for variation, the 
impact of different µCT settings on the measured SSA has not been 
systematically investigated. So far, the hypothesis has been that the influence 
of different µCT settings on the SSA measurements is negligible. Hence the 
goal was to quantify the sensitivity of the image quality and the SSA 
measurements to different µCT settings. The impact of the nominal resolution, 
the X-ray tube settings, namely the tube-voltage and tube-current, and the 
integration time has been investigated. The image quality has been assessed in 
terms of the signal-to-noise ratio, beam hardening, and the spatial resolution 
using clear ice and plastic cylinders, which have absorption coefficients similar 
to snow. Furthermore two different types of snow were scanned with different 
µCT settings and the SSA was calculated from the reconstructed images. 
 
While the nominal resolution and the X-ray tube settings impacted all image 
quality characteristics, different integration times only significantly affected the 
signal-to-noise ratio. The signal-to-noise ratio showed a higher sensitivity to X-
ray tube settings than the spatial resolution. Varying the voltage and current 
settings increased the signal-to-noise ratio by up to 84%, while changes in the 
spatial resolution were below 10%. Although the increase in the attenuation 
coefficient due to beam hardening showed a high sensitivity to the µCT settings, 
the absolute effect of beam hardening on the attenuation coefficient over the 
entire sample was small. 
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At a low nominal resolution changes in the X-ray tube settings had no significant 
effect whereas at higher nominal resolutions changes up to 7% could be 
observed. The integration time did not impact the measured SSA significantly at 
any nominal resolution. Generally higher SSA were measured at a higher 
nominal resolution. The combined effect of changes in the nominal resolution 
and X-ray tube settings was 19%. It is assumed that higher SSA measurements 
better represent the real SSA, based on the previous comparison of the µCT 
and the IceCube measurements. Thus, it is suggested to use a high voltage, 
low current setting combined with a high nominal resolution for future 
measurements. The measured SSA was subsequently linked to the image 
quality characteristics. A correlation between the measured SSA and the spatial 
resolution was observed. This correlation was however not incontrovertible and 
needs further investigations. 
 
The above mentioned deviations between the µCT and the IceCube 
measurements were smaller for lower SSA. For values in the order of 
magnitude of the SSA measured in this work, differences around 40% 
to 50% were observed (SLF, 2016). The observed maximum effect of different 
µCT settings on the measured SSA is distinctively smaller and can thus not 
etirely explain the difference. To completely understand the deviation further 
research will be necessary taking the combined effect of all possible sources of 
uncertainties into account, including the IceCube. Nonetheless, this work 
contributes to a better understanding of how SSA measurements are influenced 
by different µCT settings and image quality characteristics. 
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