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• Accurate knowledge of snow's dielectric permittivity is essential for remote sensing 

applications, and reliable in situ measurements are key to supporting and validating remote 

observations.

• This study proposes a non-invasive, field-deployable method using a three-wire resonant 

probe and a Vector Network Analyzer (VNA) to measure the complex dielectric 

permittivity of snow (𝜖 = 𝜖′ − 𝑗𝜖′′).
• The main objectives are to:

➢ Test the probe’s effectiveness for measuring snow’s dielectric properties in the 

field;

➢ Evaluate the Sihvola and Tiuri model, linking permittivity to density and liquid 

water content (LWC), by comparing its estimates with simultaneous gravimetric 

and calorimetric measurements;

➢ Investigate daily variations in snow properties, especially in LWC.

• Dielectric measurements were conducted using a Rohde & Schwarz ZVH4 VNA (100 

kHz – 3.6 GHz, 1201 points, 10 kHz BW), connected to 50 mm, 100 mm, and 200 mm 

triaxial aluminum probes (Fig. 1). Resonances in the input admittance allowed 

determination of 𝜖.

• Calorimetric measurements: snow samples were placed in a water-filled calorimeter; 

equilibrium temperature was used to estimate LWC, knowing snow and water masses [1]. 

Density was determined by weighing the same samples.

• Field protocol: measurements took place in Val Senales (Trentino-Alto Adige, Italy) at 

2850 m a.s.l. on June 5–6 and July 4–5, 2024. In June, a classical protocol with adjacent 

vertical profiles was followed; in July, measurements were repeated at the same points and 

depths in a snow trench (Fig. 2). Dielectric measurements were performed first, followed 

by density sampling and calorimetry on the same samples (Fig. 1).

• Snow parameters retrieval model: the Sihvola-Tiuri [2] model was used to link complex 

permittivity to snow density and volumetric LWC. The real part depends only on dry 

density, while the imaginary part depends also on frequency, following pure water 

behavior.

• The field measurements confirm the effectiveness of the proposed method in retrieving 

snow dielectric properties in situ, allowing to obtain over 300 values ​​from 100 

measurements (Fig. 3).

• The comparison between the LWC estimated by the Sihvola and Tiuri model highlighted 

an excellent correlation, with a clear improvement by performing simultaneous 

measurements (Fig. 4).

• The July campaign allowed to characterize the temporal variations of LWC over a wide 

interval, highlighting a strong correlation with the permittivity (Fig. 4).

• The main limitations are due to the low variability of the density which is the parameter 

estimated with greater difficulty, suggesting that the different volume of snow sampled 

between the dielectric and gravimetric methods could have an important effect.

• The proposed method allows acquisition of physical and dielectric properties, facilitating 

a more complete snow characterization on the field.

• The measurement protocol with the simultaneous measurements of density, dielectric 

properties and LWC allowed a direct comparison between the various estimates, showing 

excellent results especially for the LWC.

• The portability and simplicity of the system make it suitable for remote and operational 

deployment.

• Future work includes:

o Applying the protocol in different snow conditions, in particular at lower densities;

o Integrating with other remote sensing techniques (e.g. ground penetrating radar).

o Expanding the dataset for validation of existing models and creation of more 

accurate ones.
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Figure 2: sequence of measurements points in the snow

Figure 1: snow measurements during July 2024 field campaign.
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Figure 3: complex dielectric permittivity trends for July 2024 measurements

Figure 4: correlation plots between LWC (top) and density estimates (bottom).
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