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Abstract

Most snow gauges are capable to measure larger snow depths with adequate accuracy. However problems with automatic snow depth measurements occur at small snow depths and especially at the onset of snowfall which is a crucial information e.g. for road weather service, but also for model input.
The new laser snow depth gauge JENOPTIK SHM30 has been tested during two winter seasons. Its measurement accuracy has proven to outperform ultrasonic snow depth gauges by almost one order of magnitude. Nevertheless it is still not easy to clearly detect the first onset of snowfall. 

Examples and results of typical events are presented demonstrating how the performance of a laser snow depth gauge can be significantly improved by evaluating the backscatter signal of the laser light. By using this information it is possible to discriminate a snow covered state of ground from an uncovered state even before its snow depth can be measured. Besides increasing the sensitivity of the measurement the back scatter signal can also be used to reduce the false alarm rate and improve the reliabilty of automatic snow depth measurements.

Introduction

In the ground network of Deutscher Wetterdienst (DWD) currently ultrasonic snow depth gauges are in use. Measurement uncertainty of these gauges is typically in the range of 1% of the distance between the sensor and the ground or snow surface, i.e. unfortunately the uncertainty is largest for smallest snow depths. On the other hand users require reliable measurements of the onset of snow cover and the first few centimeters of snowdepth.
For several reasons it is impossible to meet these requirements with ultrasonic distance meters. When reporting snow depths below 2 cm the false alarm rate can be significantly e.g. by temperature changes that are not perfectly compensated. Furthermore the acoustic signal can be affected by wind and heavy precipitation resulting in an increased noise level and sometimes data outages of several hours during heavy snowfall events. Zero drift can be in the range of a few centimeters and has to be adjusted regularly. When additionally corrosion problems at the transducer membranes occurred our network, it was the trigger to look for an alternative. At that time the laser snow depth gauge JENOPTIK SHM30 was new on the market and DWD decided to test it in comparison to the operationally used ultrasonic snow depth gauge CAMPBELL SR50G (Figure 1).
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Laser distance meters are providing some advantages over the acoustic principle. Temperature dependance is negligible, i.e. no temperature measurement and compensation is needed. Wind has no influence on the laser measurement as well and a zero drift cannot be observed. The measurement uncertainty is potentially smaller by about one order of magnitude than in an acoustic measurement. 

The light source of the SHM30 is very similar to a laser pointer. At first it was expected that the problem of point measurement could be even more distinctive for the SHM30 than for the SR50G. In operational practice it turned out that this is not the case and that the scattering of the laser measurements is much less. The course of the snow depth curve is generally smooth and continuous.

As the sonic cone of the SR50G has an angle of aperture of about 12° the probability is increased that the measurements are disturbed by particles in the air which becomes a problem in heavy snowfall. The small laser beam has a very small cross section and is hence very rarely affected by any particles. Internal error correction can filter out wrong data reliably. We did not find any data outage in any weather condition.
The main advantage of the laser optical detection method is the provision of an optical backscatter signal from the surface. In the following section some examples are given how this signal can be used to improve the reliability and the sensitivity of the laser snow depth gauge. Some ideas are presented how the method could be further improved.
Use of the backscatter signal
For the comparison of the ultrasonic and the laser snow depth gauge both were installed at the normal operationally used height of 200 cm. An interesting snowfall event that happened on 23. January 2009 in Hamburg (Figure 2) can be used to demonstrate the difference in sensitivity between the ultrasonic and the laser snow depth gauge. On that day snowfall started at 12:07 h which was immediately measured by a laser precipitation monitor (see wawa code in light blue). Until the end of snowfall at 18:21 it continuously snowed at a precipitation rate of 1 mm/h. The green curve of the SR50G is plotted with a resolution of 1 cm. It is constantly reporting a snow depth of ≥ 1 cm after 17:14 h. The snow depth of the SHM30 (red curve) is crossing the 1 cm level already two hours earlier. Looking at the backscatter signal or so called “signal strength” (blue curve), it is evident that it started to increase a few minutes after the onset of snowfall, i.e. when the first snow flakes had settled and changed the colour of the ground to white. After having evaluated several snowfall events for this single laser gauge we decided to use a signal strength threshold of 3.5 (in arbitrary units) for a reliable detection of snow cover. This threshold was reached at 13:05 h, i.e. one hour after the onset of snowfall but still two hours before a snow depth of 1 cm was reported by the laser gauge.
As the signal strength was initially not intended to be used for snow cover detection it was not calibrated or adjusted in any way. This is a prerequisite for a later operational use of this feature and has to be done by the manufacturer. The spikes at values above a signal strength of 6 are caused by an internal heating cycle. This problem could meanwhile be solved by adjusting the control range of the heating controller.

[image: image1.png]© M~ © v T ® N < o

[wo] tdep mous 90545 / (] Lidep MoUS OEINHS
LBusiIs [eBIS
I I I 21

o o o o o
S &8 R 8 B3

[089% ‘g 1] 8poD-emem

300 6:00 900 12:00 15:00 18:00 21:00 0:00 3:00 6:00 900 12:00
23.01.2009 24.01.2009

0:00




Figure 2: Example for the differences between an ultrasonic (green curve) and a laser measurement (red curve) of the snow depth. The signal strength (blue curve) of the backscattered light is an indicator for snow cover on the ground. The corresponding present weather code wawa is plotted in light blue.
Beside the fact that the signal strength allows an early detection of the first millimitres of snow cover it is also a safe criterion to discriminate eventually false mesurements in no-snow conditions. 
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Figure 3: What appears to be a change in snow depth turns out to be a raise and descent of the ground surface due to frost conditions. The SHM30 (red line) is measuring a total change of height of about 6 mm. The signal strength (blue line) is remaining far below the threshold for snow detection, i.e. no snow cover is detected. The yellow circles indicate sunrise and sunset and the black horizontal line indicates times when the surface temperature was < 0°C.
In the example in Figure 3 the signal strength (blue curve) is remaining below the threshold for snow cover, i.e. there is no snow cover on the ground and the observed changes in snow height (red curve) cannot be caused by snow. From the ground temperature it can be said that the raise of the ground is caused by freezing water in the ground. After sunrise (yellow circle) the upper layer of soil is melting and consequently the surface is descending by almost 6 mm. From this example it can be seen that it would be possible to implement an auto-zero function in the gauge that would continuously adjust the zero level when there is no snow cover present.
For the ultrasonic snow gauge we are currently using snow plates in order to have a well defined zero level. We found that the snow depth measurement with the laser gauge can in principle be done without using a plate. For the use of the signal strength however it is favourable to have a standardized surface. Due to different vegetation and soil types at the weather stations it was decided to use a modified snow plate [1] in order to get a defined zero level for the signal strength. The colour of the plate was selected to be light gray to provide a good contrast between an uncovered and a snow covered state of ground.
Operational experience
Unlike the ultrasonic snow depth gauges laser gauges can be operated at a slanted angle of 10° to 30°. The laser gauge can be mounted directly on a mast without a cross bar. This will avoid potential problems with chunks of snow / ice or water droplets falling down from the cross bar and sensor housing that could punch a hole into the snow surface. Care has to be taken to determine and configure the correct slant angle.
Figure 4 is showing the setup for the comparison of two SHM30 sensors. The measuring spots on the snow surface were about 10 cm apart. The results for a period of two months in winter 2009/2010 are plotted in Figure 5. There is practically no zero drift, i.e. both sensors come back to zero after the snow had melted. Maximum differences between both sensors were in the range of 5 mm and mainly occurred during melting periods.
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On the other hand the visible laser light brings about another problem. At an Austrian station it was observed that birds tried to catch the laser point on the snow surface whereby they dug a hole several centimetres deep. This matter could be addressed by the manufacturer either by changing the pulse width and repetition rate such that the laser spot will not be noticed by birds or by using invisible laser light.
As far as our experience goes the SHM30 needs some minor improvements of the heating to withstand extreme snow and icing conditions. The front end of the housing and the lens hood have to be protected effectively against snow or ice accretion in the optical path.

Up to now we did not encounter any corrosion problems or degradation of the laser sensors whereas ultrasonic transducers have to be replaced yearly.
Problem of point measurement

It was mentioned above that the problem of point measurement is obvious for this kind of sensor. Snow depths can vary significantly inside a measuring field and it would actually be necessary to measure at different locations simultaneously to determine an average value.

Laser technology could offer a solution for this problem of automatic snow depth measurements: the laser gauge could scan the beam over a larger area or several measurement points. Of course it will be a challenge for manufacturers to build such a scanning laser snow depth gauge at an affordable price but it would certainly be a big improvement towards a fully satisfactory replacement of manual measurements.
Conclusions

The laser snow depth gauge JENOPTIK SHM30 has been tested and compared to the ultrasonic snow depth gauge CAMPBELL SR50G. From this experience it became obvious that the laser principle has several advantages over the acoustic measurement:
· Lower measurement uncertainty by almost one order of magnitude.
· Evaluation of the backscatter signal allows sensitive detection of snow cover and reduces the false alarm rate for the first few centimetres of snow significantly.
· No influence of temperature and wind.
· Practically no zero drift.

· No outages even during heavy snowfall.

· No cross bar needed due to measurement at an angle of 10° to 30°.

· Very little maintenance needed.

Laser snow depth gauges could be further improved by:

· Calibration and adjustment of the characteristic curve of the backscatter signal in order to define a common threshold for the detection of snow cover.

· Integration of an auto-zero function to automatically correct for any changes of the zero level that are not caused by snowfall. 
· Adequate heating of the housing to keep the optical path free of ice accretion.

· Making the laser beam invisible for animals, especially for birds, either by a change of the pulse width and repetiotion rate ratio or by using an invisible wavelength.

· The omnipresent problem of point measurement could be solved by a scanning laser gauge that would allow simultaneous measurements of snow depth at several places.
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Figure � SEQ Figure \* ARABIC �5�: Comparison of two laser snow depth gauges SHM30 over a period of two months. Deviations mainly occur during melting periods and are in the range of 5 mm. No zero drift can be recognized.

















Figure � SEQ Figure \* ARABIC �1�: Ultrasonic snow depth gauge Campbell SR50G (top left) and laser snow depth gauge Jenoptik SHM30 (top right, blue device).





Figure � SEQ Figure \* ARABIC �4�: Setup for the comparison of two Laser snow depth gauges SHM30.
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