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Motivation

+ Snow density (p) and its liquid water content (LWC) is crucial for any physical process within the snowpack
+ Capacitive sensors measuring the permittivity of snow (g) to deduce p and LWC works well (Denoth, 1989; Eq. 1 & 2)

+ BUT instruments are not commercially available, e.g. the “Denoth” sensors

- We developed a new capacitive sensor (NCS) to measure p and LWC aiming to produce a small batch series
—> For evaluation — ¢, p, LWC revealed from NCS were compared to values from a Denoth sensor and volume weighing (p_ iter)
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the new capacitive snow sensor (NCS).
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Discussion

+ NCS measured the snow’s permittivity validly and reliably compared to an established instrument

+ €\ and €., deviated in the upper measurement range - unclear if caused by different dielectric calibrations?

+ Pouiter Were systematically higher than py.. and pg...., - maybe due to a poor snow-sensor contact, or limitations of the p-€ model?

—> Efforts on the dielectric calibration & the empirical p-€ and LWC-€ models are needed to improve estimates revealed from the NCS

Instrument specifications

—sn500
L sn502
sn503

—sn504
——sn505

sn506

" sn508
~—sn509

- == ca|.Point-air

= 3| Point-PTFE G
|mmmcal.Point-PMMA 7~

3 4
A f (kHz)

Figure 2: left) Calibration measurement with PTFE. right) Calibration curves of 8 NCS.

+ Single coplanar capacitor (20 MHz) integrated onto a thin
printed circuit board (173 x 117 x 0.8 mm)

+ Sufficiently strong but still flexible to ensure tight contact with
the snow after insertion into a snow pit wall

Figure 5:
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+ Capacitor forms an oscillator together with a quartz crystal:
changes in capacitance shift oscillator frequency (Af)

+ Empirical e-Af relation (calibration) from three materials with
known permittivity (€., = 1; €prre = 2.1; Epppa = 2.7)

air

23/03/17
RMSE =0.11;r=0.82
temperature (°C)
-6.7 -3.3

23/03/20
RMSE = 0.11; r = 0.61
temperature (°C)
-6.7 -3.3

23/03/24
RMSE = 0.05; r =0.79
temperature (°C)
-6.7 -3.3

23/04/06
RMSE = 0.08; r = 0.98
temperature (°C)
-6.7 -3.3

23/04/12
RMSE =0.29; r = -0.07
temperature (°C)
-10.0 80 -6.0 -40 -20 0.0

23/04/18
RMSE = 0.05; r = 0.89
temperature (°C)
-6.7 -3.3

23/04/26
RMSE = 0.07; r =0.79
temperature (°C)

-10.0 0.0 -10.0 0.0 -10.0 0.0 -10.0 -6.7 -3.3
T T

60

0.0 -10.0 0.0 -10.0

140 -

0.0

150 -

120 120 F

120
50
100 100 |

100 |-

D
o
T
)
s
o
o

(00
o

w
o

)
o

snow height (cm)
snow height (cm)
snow height (cm)
snow height (cm)
snow height (cm)

snow height (cm

N
o
T

20+ 50

N
o
T

10+

N
o
T

18 2 25 3 35 1
€(-)

23/05/03
RMSE = 0.34;r =0.62
temperature (°C)

-6.7

23/05/08
RMSE = 0.52; r = 0.68
temperature (°C)

-6.7

23/05/17
RMSE =0.16; r=0.9
temperature (°C)
-10.0 -80 -6.0 -40 -20 0.0

23/05/19
RMSE = 0.21; r = 0.92
temperature (°C)
-10.0 -80 -6.0 -40 -20 0.0
160 B T T T T

23/05/22
RMSE =0.2; r=0.72
temperature (°C)

-6.7

23/05/24
RMSE = 0.28; r = 0.85
temperature (°C)

-6.7

-10.0 -3.3 0.0 -10.0

150 -

-3.3 0.0 -10.0 -3.3 0.0 -10.0

1501
*

100

-3,'3 0_'0 Legend
—X—— snow temp.
—H— denoth

%  denoth outOfRange

—O— NCS

N
Y
160 - = -

140

140%
*
120 -

120
1007F

=3
o
o

(e
o
T

snow height (cm)
snow height (cm)

)]
o
T

snow height (cm)

1)
50 . 50

N
o
T

N
©

O 1 1 1 1 1 1 1 1
1 15 2 25 3 35 1 2 3 4 1 2 3 4
€(-)

1 15 2 25 3 35
e ()

Figure 8: All 13 permittivity and snow temperature (blue) profiles on dry (top row) and partly
wet snow (bottom row) revealed from the NCS (red) and from the Denoth sensor (black).
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