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Snow dielectric properties: frolll DC to Illicrowave X-band 
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ABSTRACT. Broadband measurements of di electric properties of na tura l snow 
samples near or a t ooe are reported. M easurement quantities are: dielectric 
permittivity, loss factor and complex propaga tion factor for electromagnetic waves . 
X -band measurements were made in a cold room in the laboratory; measurements at 
low and intermediate frequencies were carried out both in the field (Stubai Alps, 
3300 m; H afelekar near Innsbruck, 2100 m ) and in the cold room. R esults show that in 
the different frequency ranges the relative effect on snow dielectri c properties of the 
parameters: density, grain-size and shape, liquid water content, shape and distribution 
ofliquid inclusions and content of impurities, varies significantly . In the low-frequency 
range the influence of grain-size a nd shape and snow density dominates; in the 
medium-freq uency range liquid water content and density are the dominant 
parameters. In the microwave X-band the influence of the amount, shape and 
distribution of liquid inclusions and snow density is more important than that of the 
remaining parameters. 

INTRODUCTION 

Measurements of the spectral behaviour of the dielectri cal 
properties, especially in the X-band, have been reported 
by several au thors, with somewhat inconsistent results. 
The peak of the losses has been found not only a t 
;::::: lOGHz (Hallikainen and o thers, 1982; Matzler, 1987) 
bu t also at frequencies higher than 12 GHz (Linlor, 
1980). In addition, experimental evidence of magnetic 
effects (p/ ::; 1 and /-l" ::::: 0) ind uced by ring-shaped water 
inclusions has been reported (M atz ler, 1988). The aim of 
this work was to study the relative influence of such 
different parameters as porosity, density, liquid content 
and shape, grain-size a nd sha pe on the dielectric 
behaviour of natural snow samples ove r a wide frequency 
range. By measuring the complex reflection and complex 
transmission coeffi cient in the microwave X -band , 
dielectric a nd magnetic properties have been derived 
separately. 

MEASUREMENT TECHNIQUES 

Different measurement techniques have been used to 
measure the dielectric permittivity of snow in the different 
freq uency ranges. In the low-freq uency range from 10Hz 
up to 50 MHz measurements were made with a simple 
plate condenser (consisting of 5 or 8 plates; dimension 
6 x 7 cm 2 with a spacing of 1.5 cm) as sample holder and 
a low-frequency automatic network analyzer (ANA), 
type R&S ZPV with tuner unit El (Rohde and Schwarz, 
1978). The freq uency dependence of the sensor im­
pedance in snow is a utomaticall y and continuously 
recorded. A block diagram of the experimental setup is 
given in Figure 1 a. From the complex ratio of the 
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Fig. 1. Block diagram of the measuring systems. a, low­
fre quency. S, sweeper; ANA, automatic network analyzer 
,(PV; SYNC, synchronisation; Uo, US) measured signals; 
Rif, riference impedance. b, intermediate frequency. S, 
sweeper; P, power split/er; AN A, automatic network 
analp:er ,(PV; Uo, U" measured signals. 
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measurement voltages, Uo and Us, the di electric function 
can be calcula ted. 

In the intermediate frequency range from 50 MHz to 
a pproximately 1.5 GHz measurements were mad e with a 

se t of monopol a ntennas as resonators (D enoth and 
Foglar, 1986) together with the network ana lyze r ZPV and 
tuner unit E3, whereby a specifi c measuring sys tem, denoted 
as T -method , was applied (Rohde and Schwarz, 1978). 
From the measured change of sensor resonance frequency 

between tha t in air and with the sensor in snow, and from 
the meas ured change of half wid th of the resonance curve, 
the dielectri c fun ction was calcu la ted . A block diagram of 
the experimenta l setup is given in Figure lb. 

In the microwave X-band a " free space measurement 
techniq ue" was applied b y using a high-freq uency 
network analyzer (type HP85 10A). This method was 
preferred , because it allows measurements on large snow 
samples with dimension 50 x 50 cm 2 cross section and 
different thi cknesses to average over possible snow 
inh omogen eiti es . A block diagr a m of th e X-band 
measurement se tup is given in Figure 2. From th e 
m easured complex refl ection coeffici ent R and th e 
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Fig. 2. Block diagram of the X-band measuring system. 
SO, sweeper osciLLator,' AN A, automatic network 
analyzer; S, sample; A, horn antennas; Re!, riference 
signal; R, reflected signal; T , transmitted signal. 

complex transmission coefIi cient T , which includ es effects 
of multiple beam interference (Azzam and Bashara, 
1977), the dielec tri c fun ction of snow was deri ved. 

For interpretation of snow dielectri c fun cti on, such 
texture p a rameters as snow d ensity p, gra in-size a nd 

sha pe, liquid water content W a nd liquid sha pe have to 

be known. Snow density was measured by weighing a 
known volume of a snow sample. Grain-size a nd shape 
were derived from an ana lysis of snow photographs 
(Deno th , 1982). Liquid wa ter content W was measured 
using a freez ing calorim e ter , whereby th e rela ti ve 
m eas uring erro r w as fo und to b e a pproxim a tely 
0.7Vol. % for m easurements in the la bo ra tory and 
~l Vol. % for field measurements. In addition to these 
m easurements sn ow liquid wa ter conten t was a lso 
measured using a calibra ted dielectric sensor, whereby 
the rela tive error was found to be :::::;0 .2 V ol. % . 

EXPERIMENTAL SNOW DIELECTRIC DATA 

M easurem ents were made with different snow samples, 
which were classified according to grain-size and shape. 
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Snow samples with well round ed g ra ins, grain -size 
> 0.5 mm, were denoted as old coa rse-grained snow. 
Fine-grained snow samples (g rain-size < 0.5 mm) with a 
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Parameters: Water content W - 2. 1 % by volume 
old snow, density p = 0 ,432 glccm 
grain size - O.8mm 
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Fig . 3. Dielectric Junction of snow in the low and 
intermediate Jrequency regime. 

pla te-like and /o r needle-l ike sha pe of the grams were 
denoted as new fine-grained snow. 

The principle beh aviour of permittivity and the loss 
factor of snow in the frequency regime from 10 H z to 
I GHz is shown in Figure 3. Due to the relaxa tion process 
of the ice component nea r 10 kHz, permitti vity decreases 
from its sta tic va lue to a rela ti vely low but frequency­
ind epend ent va lue in the range of I MHz to approxi­
ma tely I GHz. The low-frequency losses a re determined 
by ionic cond uctivity a nd by the d ielectri c loss of th e ice 
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Fig. 4. Permittivity E' oJ snow between 8 and 12 GHz. 

component. In the MHz regime the losses a re very low 
even if the snow is we t. In the mi crowave X-band 
measurement were made with modera tely we t na tura l 

snow samples . The dielec tri c fun ction , E' and E", of four 
elec ted snow samples is shown in Figures 4 and 5. In 

genera l, snow permitti vity shows a sli ght decrease with 
increasing frequ ency, th e loss fac tor shows a sli ght 
increase with increasing frequency . Except in sample 4 
(new fine-gra ined snow, p = 0.3 g cm 3, W = 0. 3% ) a 
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Fig. 5. Loss Jactor E" of snow between 8 and 12 CH;;:. 

maximum of the losses in the microwave X -band was not 
observed. In addition, no significant deviation from 
1-£1 = 1 and 1-£" = 0, as a possible magnetic effect of ring­
shaped water inclusions, was detected . 
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Fig. 6. Dependence of static dielectric constant on porosity. 
( Open symbols, new fine-grained snow; asterisks, old 
coarse-grained snow.) 

RESULTS AND CONCLUSIONS 

1 

Snow dielectric data in different frequency regimes 
have been analyzed with respect to the effects of 
porosity, d ensity, water content and type of snow 
(g rain-size a nd shape) . R esults of m easurem ents are 
given for three selected frequencies: < I kHz (static 
values ), ID M H z and 10 GHz, respectively. Figure 6 
shows the dependence of the static dielectric 
constant on snow porosity, whereby the type of 
snow p lays an important role . Figure 7 shows the 
influence of the liquid water content. Due to the 
similar static permittivity of ice and water only a 
weak influence ofliquid water content was observed . 

Figure 8 shows the dependence of the incremental 
permittivity .1 El on water content at a measurement 
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Fig. 7. Dependence oJ static dielectric constant on water content. 

frequency of 10 MHz, wherebY.LlEI is defined as: 

LlEI = Emeasurcd - 1 - 1. 76(1 - <p) - 0.37(1 - <p)2 

,dEI depends on water content but no significan t effect of 

grain-size or shape was observed. Figure 9 shows the 
dependence of the loss factor E" on snow porosity. E" shows 
a strong dependence on both snow porosity and snow 
type; a significant influence of water content, however, 
could not be found. The com parable higher losses of new 
fine-grained snow may be due to the relatively larger 
surface of the ice grains , surface conductivity possibly 
increasing in importance. 
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Fig. 8. Incremental permittivity LlEI Jor new fine-grained 
and old coarse-grained snow. 

. 

R esults of X -band measurements are shown in Figures 
10 and It. Figure 10 shows the dependence of the 
increm en tal permittivity LlEI (10 GHz) on water content. 
Figure II gives the dependence of E" on liquid content for 
new fine-grained a nd old coarse-grained snow samples. 

No significant effect of the type of snow on ,dEI 
(10 GHz) was found. Water content is the dominant 
parameter; calculations of LlEI based on the Polder and 
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Fig. 9. Loss Jactor E" Jar new fine-grained and old coarse­
grained snow. 
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Fig. 10. Incremental permittivity L1E' Jar new fine-grained 
and old coarse-grained snow. 
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Fig. 11. Loss Jactor E" Jar new fine-grained and old 
coarse-grained snow. 

van San ten (1946) theory indicate a weak influence of the 
shape of the water component. The loss factor E" 

( 10 GHz) shows a strong dependence on water content. 
Again, model calculations indicate an influence of the 
shape of water component. This theory predicts, however, 
a conside rable shift in the apparent relaxation frequency 
which has not always been observed. So, scattering as an 
additional effec t should be considered and modelling of E" 

d ata based solely on water content and shape factors 
seems not to be suffi cient. 

The relative importance of the para meters porosity, 
liquid content, liquid shape, grain-size and shape in the 
different freq uency regimes is summarized in Table I . 
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Table J. Relative importance oJ the parameters porosity, liquid content, liquid shape, grain-size and shape Jor the dielectric 
Junction oJ snow 

Dielectric Junction 

Important 
Less importa nt 
Not important 

Im portant 
Less important 
Not important 

Important 
Less important 
Not important 

E" 

low-frequency regime: < 1kHz 
grain-size and shape; porosity impurities (DC-conductivity) 

liquid content 
liq uid shape 

liquid content; porosity 
liq uid shape 
grain-size and sha pe 

liq uid con ten t; porosi ty 
grain shape; liq uid shape 

IOMHz 

10GHz 

grain-size and shape; porosity 
impurities? 
liq uid con ten t 

liquid content a nd shape 
scattering? impurities? 
porosity 
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