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ABSTRACT

For long-term measurements at snow wetness a flat
dielectric sensor bets been developed. The sensor
measures the dielectric constant of the surrounding or
tin c1 e r' 1 d yin g Hi (> d j U iii; i tis 0 per ate d i.i t fl fix e d f r e q II en c :.
of 20 MHz. Snow wetness can eflsily be calculated from
the measured snow permittivity (lnd snow density. The
measurement system consists uf a relatively small flat
cdpacitive sensoc connected to a tuning and display unit
with a built-in microcomputer. Measurements of snow
permittivity cun be made every 8 seconds; the data are
displayed on a Lcn and are also stored in a 32kB RAM.
Th(' systl~m can be oper'ated at ambient temperatures down
to -20 oe,1t is battery operated (Ph-accu) and the total
power cunsumption is jpss than 0.7 Watts at 6V operating
\.' nIt Ei g e .

Ty p j cal tie j d (I P P 1 i edt i [) n c; d n d me a .5 11 r e rn en t s wit h t his
s)/stem dre reT)Crted:

- Measurernents of snow wetness profi I es
Monitoring of snow wetness variations with time

- Detection and registration of percolating melt
water Wct\'ps.

INTRODUCTION

One of the critical parameters of snuw cover stability is the
amount of liquid water content. It affects also the rain- or
meltwater flow-characteristics in snow and snow metamorphism.
The most efficient methode for snow wetness measurements in the
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field is the measurement of the dielectric constant (relative
permittivity) at radio frequencies. Snow liquid water determina
tion should be easy and quick to perform, and the measuring
error should be less than 0.5% by volume. A hand-held instrument
which meets these requirements has been developed in the last
years ( Denoth and Wilhelmy, 1988). The special design of the
flat capacitive sensor allows nearly non-destructive measu
rements; the instrument has to be tuned by hand.
To allow long-term measurements of snow wetness with buried
sensors, the dielectric device has recently been improved by a
built-in microcomputer.

THE MEASUREMENT SYSTEM

The measurement system consists of three parts: a flat capaci
tive sensor (CS), a microcomputer with a display unit (LCD) and
a real-time clock (RTC),and a battery-unit (DC/DC-converter). A
block- diagram of the sensor- and microcomputer electronics is
shown in Figure 1.

-----------------------------
j

~ ""'.2•."
I

Figl!re 1 Block diagram of the sensor- and microcomputer
electronics

Top: Sensor electronics; Middle: Microcomputer
Bottom: Battery unit
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The capacitive sensor is connected to a twin-T-bridge (TT) with
an operating frequency of 20MHz. The effective measuring area is
12.5 x 19cm 2 for surface- and 12.5 x 14 cm 2 for volume measure
ments of snow wetness. Up to 4 sensors can be connected to the
microcomputer and can be operated simultaneously. The measure
ment data are stored in a 32kB RAM. The time interval between
successive measurements can be preselected (using an external
PC), the minimum measurement interval is 8 seconds. At the end
of a measurement periode, the data can be transferred to a PC
via a V.24 interface for further data processing.

FIELD APPLICATIONS

Typical field applications of this new computerized snow wetness
meter are the recording of wetness profiles. long-term measure
ments of snow wetness variations and the detection and registra
tion of meltwater/rainwater waves in snow.
_Ii, measurement of a wetness profile is shown iii Flgur-e 2. It con
sists of 43 single measurement points taken at a spatial inter
val of approximately 5 centimeters; the total measuring time to
take this pr'ofile was 12 minutes.
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Figure 2. Snow wetness profile
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An application of this sensor for long-term registration of snow
wetness variations is shown in Figure 3. The time interval be
tween successive measurements was preset to 30 seconds. Two
sensors have been buried in the snow cover at a depth of 40cm
and 70cm, respectively, and have been operated simultaneously.
The sharp increase of the relative permittivity recorded with
the two sensors is caused by a short but heavy rainfall. Due to
the relatively high initial water content of the snow cover of
W= 5%, and due to the heavy t"clinfall a IfIdrked water shock-wave
is formed.
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Figure 3. Long-tenn mea~:ur-efflent,,: with twu Sirrj1lltdn~:ously

oper-aied sensors at a d~pth of 40cm and 70cm

In order to obsei-VP the movefflf:nt ot (! Welter shock-wave thro1igh
the 5now Gover, a third sensuI' hd:"; b",en buried in. d depth uf
110cm. Figure 4 shows the slmult.:tlleU\IS recording of the three
sensor::;, The tirlle-ldg bet\\E:p.!l the shuck,-fr-onts ar-r-l\il:g i:Jt tj!,~

thr'pe mei:l::;urernpnt It"\,F:ls CO,l1 eCisily be detected.
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