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ABSTRACT

The lack of snow depth measurements in the Netherlands has been recognized as a
serious gap in the set of automated in-situ observations for synoptic and climatological
purposes. Therefore an evaluation of the new Jenoptik SHM30 laser snow depth sensor
was initiated by KNMI in late 2010. Based on the promising results obtained during the
first winter, a new field trial was carried out at six operational observing sites as a first
step toward implementation in the observation network. Collocated manual observations
from the voluntary precipitation network, together with camera images and ancillary
meteorological data, were used to analyze the automatic snow depth measurements.
Data was made available to internal users for evaluation.
The aim of this pre-operational test phase was to gain more experience with the sensor
in Dutch winter conditions and to investigate whether the SHM30 is a suitable candidate
for automated snow depth measurements in the meteorological observation network.
The generation of fully automated, validated snow depth data with an acceptable
performance level poses several challenges.

1. Introduction

1.1 Backgrounds
The lack of snow depth information in the Netherlands has been recognized as an important gap in the
set of automated in-situ observations for synoptic and climatological purposes. Apart from the
international demands, related primarily to NWP, also on a national scale there is an increasing request
for real-time and continuous snow depth information over the country, e.g. for the evaluation of weather
warnings issued for heavy snowfall and climatological expertise studies. The snow depth observation,
traditionally measured with a graduated ruler by trained observers, was not included in the automation
of the Dutch national meteorological observation network in 2002, because no suitable measurement
techniques were available at that time. In 2009, the German manufacturer Jenoptik launched the
SHM30 laser snow depth sensor. The SHM30 sensor is a so-called laser phase-shift range finder. It
applies an optoelectronic measurement principle using eye-safe visible light (650 nm) to perform an
accurate distance measurement (Jenoptik, 2010). The sensor has already been tested by several
NMHSs in recent years (e.g. Lanzinger et al., 2010a; Mair et al., 2010; Zanghi, 2010) and seems to
outperform the capabilities of traditional acoustic instruments on measurement uncertainty and
performance. It has a measurement range of 0-15 m and a reporting resolution of 0.1 mm. The
specified measurement accuracy for snow depth is better than 5 mm. This is good enough to comply
with the WMO recommendations (WMO, 2008) listing an achievable measurement uncertainty and
resolution of 1 cm for snow depth observations.

KNMI decided to perform a first evaluation of the Jenoptik SHM30 laser snow depth sensor at the test
site in De Bilt in late 2010. Based on the promising results achieved during the first winter (De Haij,
2011) but recognizing the limited information delivered by a single sensor during only 3 weeks of wintry
conditions, it was decided to continue with a 1 year pre-operational field test at six automatic weather
stations as a first step toward implementation in the observation network. The aim of this pre-
operational test phase was to gain more experience with the sensor in Dutch winter conditions and to
investigate whether the SHM30 can be implemented for operational snow depth measurements at all
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synoptic stations in the observation network. The new test phase also allowed KNMI to tackle open
issues that were recognized during the first winter.

1.2 Lessons learned from winter 2010-2011
A six-month evaluation of the Jenoptik SHM30 snow depth sensor has been conducted at the KNMI
test site in De Bilt from 16 December 2010 to 30 June 2011. Technically the sensor performed OK and
none of the commonly seen problems with acoustic measurement techniques have been encountered.
The sensor captured very well the development of the snow deck that resided at the test side for about
two weeks. A comparison with manual measurements inferred visually from camera images and taken
with a graduated snow ruler delivered satisfactory first estimates of the uncertainty that can be
expected using the SHM30. On average the differences between the sensor and the three manual
methods are in the order of 1 cm, ranging between -0.9 and +1.5 cm.
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Figure 1. Comparison of automated and manual snow depth observations (top) and SHM30 signal
strength (bottom) during the first test period at the De Bilt Test site in winter 2010-2011. The ‘filtered’ data
points are identical to the ‘sensor’ data points if and only if the predefined signal strength threshold for
snow cover (3.5) is exceeded.

An illustration of the good agreement between the sensor and the references is shown in Figure 1,
where the time series are presented for the snow deck event in De Bilt between 16 December 2010 and
1 January 2011. The differences can be attributed for the most part to spatial inhomogeneities of the
snow deck within the surrounding area. This throws some doubt upon the spatial representativeness of
the laser method. The current sensor model is not able to measure an averaged snow depth over a
certain area, as the small field of view of the laser beam leads to a measurement spot of only a few
millimeters in diameter on the target surface, depending on the installation height. Hence the automated
snow depth measurement by the SHM30 sensor is considered purely a point measurement.

An important aspect that needed further investigation is the potential validation of the snow depth
measurement by the signal strength output of the SHM30. It was observed during the first test period
that this output parameter could serve as a powerful discriminator between snow-free and snow cover
conditions, provided that a proper threshold could be defined. This is relevant e.g. for achieving an
acceptable level of false alarms. At the same time it was observed that large differences in signal
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strength exist when measuring above different (natural) target surfaces. Hence a better regulated target
surface, on which snow has similar behaviour as on natural grass, was desirable.

The following open issues were recognized during the first test period and have been given further
attention in the pre-operational field test with the SHM30 in winter 2011-2012:
 The signal strength of the SHM30 sensor was not normalized in firmware v9.04 and could

therefore not be used to develop a uniform and robust validation algorithm for snow/no snow
discrimination. A new firmware version with normalized signal strength was delivered by
Jenoptik on all new sensors as from Q3/2011.

 The distance zero level of the (natural) target surface varied strongly in time. As no automatic
zero calibration is performed and the predefined offset value in the sensor is used continuously
in the derivation of the snow depth from measured distance, significant biases in the snow
depth measurement occur and hence false alarms of snow cover are introduced.

 The default heating scheme of the sensor generates rapid fluctuations in the signal strength
parameter which are in phase with the heating cycle (and sensor temperature). This also has
minor effect on the reported snow depth under cold conditions, estimated in the order of 1-2
mm. New sensor settings for improved adjustment of the heating have been adopted from
ZAMG (Austria) in order to be evaluated during the second test period.

More information on the field test conducted in winter 2010-2011 is available in De Haij (2011).

2. Field test setup

2.1 Test sites
Installation of the SHM30 sensor for evaluation in winter 2011-2012 has been realized at KNMI stations
De Bilt, De Bilt Test (2x), Cabauw, Eelde (Groningen Airport), Twenthe and Beek (Maastricht Airport).
Table 1 lists these sites and their main characteristics. The selection criteria were mainly the availability
of a reference (camera/observer) nearby and the possibility to obtain raw 12” data over network
connection. Because the occurrence of snow cover conditions in the Netherlands strongly varies from
year to year, the chance on optimal conditions has been increased by selecting stations with a high
chance on closed snow deck conditions (>15 days) and a large number of frost days. From the 1981-
2010 climatology (not shown) it becomes clear that the northern part of the country, where Eelde/280 is
located and the higher areas of Zuid-Limburg, with Beek/380 (+114m MSL) are sites with increased
chances on snow cover.

Table 1. Selected test sites for the pre-operational field test of the SHM30. Note that the De Bilt
Test/261exp sensor is interfaced in an experimental way without DR3 SIAM.

WMO/ICAO
identifier

Site name Location Altitude MSL SHM30
serial number

Snow plate
present?

06260/EHDB De Bilt/260 N 52 10 E 05 18 +2m 112486 No

06261 De Bilt Test/261 N 52 10 E 05 18 +2m 112482 No

06261 De Bilt Test/261exp N 52 10 E 05 18 +2m 101834
(v9.04)

Yes

06280/EHGG Eelde/280
(Groningen Airport)

N 53 13 E 06 58 +4m 112487 No

06290/EHTW Twenthe/290 N 52 27 E 06 90 +35m 112485 Yes

06348/EHCB Cabauw/348 N 51 97 E 04 93 +0m 112483 Yes

06380/EHBK Beek/380
(Maastricht Airport)

N 50 92 E 05 78 +114m 110435
(v.9.06)

No

Only the sensors at De Bilt Test/261 and Cabauw/348 (Figure 2) were installed on a dedicated mast. All
the other sensors were fitted to an existing wind mast, either a frangible (at the touchdown zones of
airports) or a fixed one (at ‘normal’ AWS’es). In all those cases a stainless steel crossbar of
approximately 45 cm long is fitted to the windmast, in order to guarantee that the measurement area is
at some distance from any obstacles or concrete. At the other end a vertical pipe (diameter 48 mm) is
connected on which the sensor mounting clamp is fitted. The distance offset of the sensors to the target
varied between 1.72 m (De Bilt Test/261) and 2.70 m (Eelde/280). Note that the CIMO Guide (WMO,
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2008) at this moment does not specify any guidelines on the siting of automatic snow depth sensors. All
sensors except De Bilt Test/261exp operated the new v9.05 firmware or later, which includes signal
strength normalization. The normalization is carried out in the factory test procedure by measurements
at black and white targets in a fixed distance. The normalization coefficients can be tuned to specific
user needs.

Figure 2. Images of the SHM30 field installations at test sites Cabauw/348 (left) and De Bilt/260 (right).

At three of the sites where the SHM30 was installed, the sensor is used together with the DWD/ZAMG
snow plate reported in Lanzinger et al. (2010b). To give comparable results to a grass surface it was
found that a small insulating air space is needed below the plate. The two-layer 50x50 cm snow plate is
made of grey glass fibre reinforced plastic (GRP) with an UV resistant coating. The plates were
installed on a levelled piece of the surface below the sensor. Continuous monitoring of the snow plate is
only possible at De Bilt Test, where a web camera provides quicklooks of the relevant areas every 10
minutes. The snow plate should be able to solve (partially) some of the open issues mentioned in
section 1.2, providing better stability for both the distance zero level and signal strength. After
installation of the sensor (with or without plate), the distance to the target surface was automatically
determined and stored as offset in the sensor, together with the used inclination angle (20º). This initial
“zero level” has been maintained during the field test for all sensors.

2.2 Processing of SHM30 measurements
KNMI operates so-called SIAMs (Sensor Intelligent Adaptation Module) as the operational sensor
interface in the national meteorological observation network (Bijma, 2008). SIAMs are independently
functioning units that serve as an intelligent interface between meteorological sensors and data
processing systems. They perform the data acquisition of sensor values and conversion into relevant
meteorological variables. It calculates the sample value, 1-minute and 10-minute averages, minimum,
maximum and standard deviation and issues a readable ASCII string every 12 seconds. The SIAM also
takes care of the error handling and reports status codes (warning/fatal) in the same output string. The
SIAM used with the SHM30 sensor creates output for snow depth (unit name: SH) and signal strength
(SP). Note that the 10-minute average of SH is overwritten by the 10-minute median value, in order to
suppress outliers that may occur. SH is reported with a 1 mm resolution and SP has a resolution of
0.01. All possible error codes provided by the SHM30 sensor (indicated by codes E15-E67, Jenoptik
(2010)) are translated into SIAM status codes. In addition, special codes have been introduced for the
field test because it was not desirable that negative snow depth values would be reported. Therefore
negative sample values were corrected by the SIAM to 0 mm and the statuses “h” (warning) and “H”
(fatal) were introduced, in order to indicate that the measured snow depth was in fact either smaller
than -5 mm or smaller than -10 mm, respectively.

3. Results

3.1 Introduction
The selected period for evaluation of the SHM30 sensors in the observation network is 1 January-31
May 2012. For this entire five month period it is possible to analyze data for all sites considered, except



5

for Beek/380, which was installed on 17 January and removed from the observing site on 11 April due
to technical malfunctioning. The sensor was sent back to the manufacturer and has been repaired.
There was only one full snow deck episode (which includes development and melting of a closed snow
deck) in the Netherlands during winter 2011-2012. The most significant snowfall occurred on 3
February, where all the other test sites except Twenthe/290, located in the eastern part of the
Netherlands, encountered heavy snow showers. Accumulation of snow was about 5-10 cm in two hours
leading to a warning for severe weather issued by KNMI. The snow deck persisted for some days but
finally melted after a lifetime of about 11 days on 13 February 2012.
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Figure 3. Time series of the 1-minute average SHm (blue) and 10-minute median SHa (green) snow depth
values by all SHM30 sensors for the period 20 January-15 March 2012.

Figure 3 presents all snow depth measurements gathered from the seven SHM30 sensors for the
period 20 January-15 March at first glance. Shown are the 1-minute (SHm) and 10-minute (SHa) snow
depth reported by the SHM30 sensor. The automatic measurements are in good agreement with the
observation that starting on 30 January a snow deck of roughly 5 cm is present in the southern part of
the Netherlands (Beek/380), whereas all other test sites except Twenthe/290 follow on 3 February with
around 4-6 cm of snowfall. On 13 February the snow deck completely disappeared at all sites
considered.

Generally the evolution of the snow depth on the test sites spread over the country corresponds well to
the picture obtained from the network of voluntary precipitation observers (not shown). However, in the
time in Figure 3 already some notable features can be recognized:
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 The 10-minute median calculation of SH, implemented in the SIAM, seems to result in an
effective removal of outliers. The spikes observed in SHm for De Bilt/260, Eelde/280 and
Beek/380 do not show up in the SHa variable.

 Compared to the locations with a GRP snow plate (261exp, 290 and 348), the zero level of the
sensors above natural soil varies considerably over the period presented. Especially the time
series for De Bilt/260 demonstrate a large distance offset (1-3 cm) during snow-free situations,
which is also quite noisy. This leads to an overestimation of roughly 2 cm at the onset of the
snow cover on 3 February.

 Two sensors (Eelde/280 and Cabauw/348) show an increase of the measured snow depth in
advance of the snow period. This is most likely caused by a change in the surface level due to
ground frost. This assumption is in agreement with the subzero soil temperature measurements
available at Cabauw. After the snow cover has disappeared on 13 February, the distance offset
of 20 mm gradually decreases to values around zero in about a week time.
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Figure 4. Time series of snow depth (top) and signal strength (middle) observed by the SHM30 sensor and
precipitation type (bottom) from the FD12P weather sensor at the six test sites on 3 February 2012.

Figure 4 focuses on the only snowfall event leading to a closed snow deck at multiple test sites with a
snow depth sensor encountered on 3 February. It includes the 1-minute values of snow depth, signal
strength and precipitation type observed with the Vaisala FD12P sensor. The snow showers passed
from north to south over the country, which corresponds nicely to the timing of the snowfall
(precipitation type code=70 and higher) starting in Eelde/280 around 06 UTC and moving to the central
part of the Netherlands (De Bilt and Cabauw) where the snow starts to fall around 08 UTC. It should be
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remarked here that a snow deck of 4-5 cm thick is already present in Beek/380 resulting from earlier
snow events on 30 January. The two upper panels of the figure demonstrate that the increase in both
the reported snow depth (SH) and signal strength (SP) correlate very well with the onset of wintry
precipitation for each location. Typically the signal strength value increases from a value in the range 0-
25 (above grass) or 40-60 (above a snow plate) for the snow-free situation to values of 100 and above
in the situation with the ground fully covered with snow. The SHM30 sensors at De Bilt show a very
good correspondence with respect to the timing of the snow deposition, but with a +2 cm bias for De
Bilt/260, as mentioned above.

In good correspondence with the manual observations (not shown), the only test site where no snow
deck is accumulated is Twenthe/290. The reported snow depth remains at a constant value of 6-7 mm.
Although the PW observations indicate that snowfall occurs for a large part of the day, the lack of snow
cover can be explained by the fact that the (uncalibrated) precipitation accumulation measured by the
FD12P sensor is much lower at Twenthe/290: only 0.3 mm against roughly 2-3 mm measured for the
whole day in Eelde/280, De Bilt/260 and 261 and Cabauw/348. The maximum uncorrected 10-minute
snow depth (SHa) reported on 3 February 2012 is 89 mm (De Bilt/260), 55 mm (De Bilt/261), 66 mm
(Eelde/280), 55 mm (Cabauw/348) and 45 mm (Beek/380). The accumulation of the snow depth in the
steepest parts exceeds the 3 cm per hour criterion used by KNMI for severe weather warnings related
to heavy snowfall. In the case of De Bilt/260 and De Bilt/261 for example, the maximum SHa increase is
43 and 38 mm per hour, reached around 13:00 UTC.

The middle panel of Figure 4 shows a very noisy behaviour of the 1-minute signal strength. This issue
with the sensor was earlier discussed in Lanzinger et al. (2010a) and De Haij (2011) and has been
recognized for improvement by the manufacturer. The spikes in the graph are caused by SHM30
heating strategy, switching the heating off and on at two predefined sensor temperatures (configured by
parameters HO and HF). This introduces strong fluctuations in the sensor temperature (not shown) with
a return cycle of 4 to 5 minutes, which on its turn generates spikes in the reported signal strength
because it is not sufficiently corrected by the internal reference intensity. Although the effect is
tempered to some extent in the 10-minute average SPa variable, it may be an important issue in using
the signal strength absolutely for validation purposes. On the other hand, the distance measurement
itself is only slightly affected; deviations from the stable value in the order of ±1 mm have been
observed during the first field test undertaken at KNMI (De Haij, 2011). The heating operation of the
SHM30s in the winter 2011-2012 field test has been adapted to new settings suggested by other users,
i.e. HO=HF=2°C.

3.2 Quality information
In the analysis of the SHM30 technical performance, first of all it is relevant to assess the quality
information provided by the error handling in the DR3 SIAM coupled to the sensor. This information is
briefly presented in Table 2. As the test period covers 152 days and the sample interval is 12 seconds,
the theoretical number of “raw” observations available is 1,094,400 (152x1440x5). The table lists the
fractional occurrence of data records for which a warning or fatal error is reported by the SIAM. In our
case the relevant statuses observed are “g” (signal too weak, SHM30 code E15), “h” (snow depth < -5
mm), “H” (snow depth < -10 mm) and “J” (data format error), because statuses “A”, “B” and “Z” are
status codes that indicate the occurrence of maintenance activities. Note that the number of
observations included for Beek/380 is much lower than for the other sites, because it was removed from
the site before the end of the test due to technical problems.

Table 2. Overview of the contribution of SIAM status codes indicating a warning (small letter) or fatal
status (capital) in the period 1 January–31 May 2012.

Station Data OK SIAM SH warning SIAM SH fatal
total g h total A,B,Z H J

De Bilt/260 84.6% 10.5% 10.5% <0.1% 4.9% <0.1% 4.9%
De Bilt/261 95.3% 4.2% <0.1% 4.2% 0.5% <0.1% 0.4% <0.1%
Eelde/280 93.0% 3.1% 0.3% 2.9% 3.9% <0.1% 3.9%
Twenthe/290 99.9% <0.1% <0.1% 0.0%
Cabauw/348 99.9% <0.1% <0.1% <0.1% <0.1%
Beek/380 99.4% 0.4% 0.4% 0.2% 0.2% <0.1%

It is obvious that the number of warnings and fatal statuses is generally lower for the sensors at sites
equipped with a snow plate than for the sensors measuring above grass. The contribution of non-zero
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status codes is close to 0% at Twenthe/290 and Cabauw/348. This is a first indication that the grey
GRP snow plate developed by DWD and ZAMG provides a better zero level for the distance
measurement. It should be noted however that statuses “h” and “H” are only introduced to overcome
the reporting of negative SH values; they do not represent real technical malfunctioning of the sensor
itself. The contribution of anomalies “g” (signal too weak) is generally small but has somewhat higher
contribution for sites without a snow plate. The reason for the large contribution in De Bilt (10.5%) is
unclear. The technical condition of this specific sensor needs further investigation.

3.3 Mutual comparison of collocated sensors
The fact that three more or less identical SHM30 sensors were installed within 200 m of each other at
stations De Bilt (06260) and De Bilt Test (06261) provides information on the sensor-to-sensor
differences that can be expected. Within 10 meters of the sensors at De Bilt Test/261 the AXIS web
camera delivers 10-minute snapshots which can be used for continuous monitoring of the areas of
interest. Snow depth and signal strength measured by the three sensors, and snow depth
independently derived for snow rulers SR1 and SR2 from camera images, are presented in Figure 5.
The figure presents the 1-minute SHm and SPm values for the period 3-13 February 2012, with most
relevant statistics of the mutual comparison summarized in Table 3. It should be remarked that for the
numbers listed for De Bilt/260 a zero offset correction of -24 mm has been applied based on the values
found during snow-free conditions. This results in the dotted grey line in the figure. After this correction
the three SHM30 sensors show very good agreement when the evolution of the snow deck is
considered. Especially during the first couple of days the mutual differences are small. The compaction
of the snow deck reducing SH by 1 to 3 cm per day is clearly visible. Starting on 8 February the mutual
differences tend to increase, with the corrected measurement at De Bilt/260 reporting about 5-10 mm
higher and De Bilt Test/261exp reporting 5-10 mm lower values than the measurements at De Bilt
Test/261exp. These are quite acceptable differences.
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Figure 5. Time series of snow depth (top) and signal power (bottom) measured by the three SHM30
sensors in De Bilt. Note that the sensor at De Bilt Test/261exp operates v9.04.

Taking into account the evaluation of the camera images, the ground at the De Bilt test site is confirmed
to be fully covered with snow between 3 February 12:00 and 13 February 10:00 UTC. This leaves us
with 14279 data points for which the mutual comparison of the sensor at De Bilt/260 and De Bilt
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Test/261 and /261exp is summarized in Table 3. The average snow depth value varies between 24 and
30 mm. The average difference in SHm with respect to De Bilt Test/261 amounts to +3.7 mm for the
corrected data set of the sensor at 260 and -2.8 mm for the sensor at 261exp. The 1-minute differences
for the considered period are ranging between -10/+12 (260) and –8/+3 (261exp) mm. Given the
achievable resolution and measurement uncertainty of 1 cm, these are promising results. The mutual
comparison of SHM30 with visual estimates of SR1 and SR2 snow depth during daytime (N=110)
shows very similar results as during the first field test in winter 2010-2011 (De Haij, 2011). The camera
estimates are consistently higher than the sensor values. Although the min/max values correspond well
with the sensor, the camera estimates are on average 5 to 21 mm higher than the SHM30
measurements. Note furthermore that SR2 demonstrates a bias of +1 cm with respect to SR1. It might
be that an unequal pile-up of snow along the rulers partially explains these differences. This
complicates an accurate readout of the ruler.

Table 3. Statistics of the mutual comparison between three SHM30 sensors at De Bilt and De Bilt Test  for
the period 3 February 12:00-12 February 10:00 UTC. All values are given in mm. Note that De Bilt/260 is
corrected.

De Bilt Test/261 De Bilt/260* De Bilt Test/261exp
N 14279 14279 14279

<SHm> 26.7 30.4 23.9
Minimum 14 6 11
Maximum 56 66 56
Standard deviation 6.9 6.3 8.0

<SHm – SHm261> - +3.7 -2.8
Minimum - -10 -8
Maximum - +12 +3
Standard deviation - 2.7 2.3

3.4 Comparison with manual observations
Around 325 observers in the voluntary precipitation observer network of KNMI provide manual
measurements of 24 hour precipitation accumulation and snow deck information including the total
snow depth (if present) every day around 08 UTC. In Figure 6 the measurements by the SHM30
sensors at De Bilt (/260 and Test/261), Eelde/280, Cabauw/348 and Beek/380 are compared with a
selection of the three nearest manual readings. The period considered is 29 January-20 February.
Station Twenthe/290 is not included because none of the voluntary observers close to that station has
reported the ground fully covered with snow in this period. Along with the automated and manual snow
depth values, the additional reporting possibilities for snow cover by the observer (closed snow cover,
snow dunes, broken snow deck, closed deck <1 cm) are represented by the symbols on the magenta
grid lines in the bottom of the figure. Note that these specific conditions can not be reported by the
sensor. Furthermore it should be noted that the number of coinciding data points with closed snow
cover is very small (6-15).

The best agreement between the automated and the manual observation is achieved for Beek/380 with
on average the same value (43 mm) and where differences in SH with respect to the observer at N973
Beek, at approximately 4 km, are in the range [-6,+7] mm. Given the reporting resolution of the
observer of 1 cm, these numbers indicate a nearly perfect correlation. However, at the same time, the
differences with respect to the observer at N969 Stein (at ±7 km) are much higher, and increasing up to
3 cm during the last days of the snow deck period.

Note that the observers near Beek/380 all reported closed snow cover during the entire period of
evaluation, except for the last day (14 February). This is in contrast with the significant number of days
with an observation of broken snow cover and closed snow deck < 1cm by the voluntary precipitation
observers close to De Bilt, Eelde and Cabauw. These observations suggest that the snow cover is
much more inhomogeneous for the areas around these automatic observing sites. As a result, it is not
surprising that the curves for manual and automated snow depth data deviate considerably more for
these sites.
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Figure 6. Comparison of SHM30 snow depth measurements (SHa) and three selected voluntary
precipitation observers nearby, indicated by OBS Nxyz where xyz is the station number. The symbols
located on the magenta grid lines indicate the state of the snow cover reported by the observer.

3.5 Using the signal strength data for validation
After the first evaluation of the SHM30 (summarized in section 1.2) it was recognized that a uniform
signal strength threshold for snow/no snow discrimination would be highly desirable. This required
minimally the normalization of this parameter, which was realized by Jenoptik in the new firmware
(v9.05) for further evaluation. In Figure 7 the occurrence distributions are depicted for all 10-minute
average signal strength values measured at the six locations equipped with an SHM30 with new
firmware. Shown are the frequency of occurrence (%) and its cumulative value with a bin size of 2, for
periods with confirmed snow cover and snow-free conditions. More specifically, two subsets of the total
dataset were selected:

 Snow-free conditions: 20 January-28 January and 20 February-31 May.
 Closed snow deck conditions: 4-12 February 2012.

The data records in both subsets have been selected based on the FD12P precipitation type
observation at all sites and the confirmation of closed snow deck by a voluntary precipitation observer
nearby. The number of data points in the first data set with snow-free conditions is 162720 and about
12 times higher than the number of points where closed snow cover is assumed (N=12960). Note that
on purpose also some days in January were added to the snow-free subset to be sure that the
frequency distributions are not biased towards (warmer) spring conditions. It should be noted that for
Twenthe/290 only the snow-free distributions are included, due to the fact that no closed snow cover
has been confirmed for this station in the period 4-12 February.
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Figure 7. Frequency of occurrence (top) and cumulative probability (bottom) distributions for six sites
during confirmed snow-free and snow cover conditions. See text for a description of these periods.

As expected the values above snow cover are generally higher. The highest value reported on a 10-
minute basis is found for Beek/380 (331.8). For signal strength values between 40 and 160 an
intermediate area can be observed where both periods have contributions. However, these are mostly
outliers with unknown cause observed at De Bilt Test/261 and Eelde/280. Introducing a fixed SPa
threshold of 70 would result in misses of snow cover only for Eelde (1.2%), where on 9 February (14-16
UTC) suddenly the signal strength drops for unknown reason towards lower values ranging between 40
and 55. During the snow-free period false alarms of snow depth would be generated for De Bilt
Test/261 (0.15%). Interestingly, both test sites with a snow plate, Twenthe/290 and Cabauw/348, show
a very identical bimodal pattern with two local maxima only shifted a little with respect to each other.
The bimodal behaviour is likely caused by the significant day/night differences in signal strength
observed at these sites. Apart from Beek/380 it is not visible for the other sensors.

Finally, an interesting feature that is discernable in the distributions in Figure 7 is the position of the
maxima in the frequency of occurrence observed for the snow cover subsets. Going from left to right
the order of these maxima coincides with the order of the sensor installation height (and hence with the
distance offset), where the sensors located higher report the lowest signal strength values over snow.
Starting with Eelde/280 installed with an offset of 2.70 m and ending with De Bilt Test/261 at 1.72 m,
the agreement is remarkable. Triggered by this observation it was decided to test several sensors
indoor and have a closer look at the signal strength as a function of distance. It was found that the
signal strength is strongly dependent on the distance and also shows sensor-to-sensor variation at least
up to 2.5 m. This is still subject to further investigation. In cooperation with the manufacturer it is aimed
for a better factory verification procedure of the signal strength parameter at smaller distances than the
one now used.

4. Conclusions
The SHM30 laser snow depth sensors operated in the KNMI observation network during winter 2011-
2012 have generally provided good results during the limited period with snow cover. The number of
days with the ground fully covered with snow varies between 6 and 15, with the exception of test site
Twenthe/290. Unfortunately, there was only a single snow deck episode, starting on 30 January at
Beek/380 and 3 February at the other locations and ending by a melt phase on 13 February 2012.
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Hence the field test contains very little information on the most relevant events, i.e. the onset and
cessation of the snow deck. The results should therefore be handled with care.

The mutual comparison of collocated SHM30 sensors and the good agreement with manual
observations indicates sufficient performance of the laser distance measurement for this specific
purpose. In view of the satisfactory results obtained with the SHM30 laser sensor during both field tests,
it is expected that this sensor will be able to fulfil the general requirements for snow depth
measurement concerning range, resolution and uncertainty.

However, the generation of fully automated, validated snow depth data of good quality still poses
several challenges. Additional effort is necessary before the signal strength parameter can be used
uniformly for snow deck discrimination at an acceptable level of performance. Some other findings of
the field test are listed below:
 The test sites equipped with a snow plate show a nearly perfect zero level for distance and the

plate also seems to provide a better regulation for signal strength. The quality information
provided by the sensor interface (SIAM) shows less contribution of warnings and fatal statuses
for the sensors measuring above a snow plate than for those installed above grass.

 Camera images of the snow plate at De Bilt Test have shown that fairly identical behaviour is
achieved for the snow deck on the GRP plate and the surrounding natural surface, during both
onset and cessation of the snow deck.

 Ground frost may lift the surface level under very cold conditions leading to incorrect snow
depth values in the order of 1-2 cm at maximum. This phenomenon has been observed for both
types of test setups, with and without snow plate. A specific case at Cabauw shows good
correlation with a changing sign of the soil temperature data.

 On some occasions spiders blocking the laser beam have lead to an error code E15 (signal too
weak) issued by the sensor, accompanied by incorrect measurements. As on any other optical
sensor, this emphasizes the need for proper maintenance and cleaning.

An important thing to realize once more is that the SHM30 laser sensor performs purely a point
measurement in an area of roughly 2-3 mm in diameter. Hence the derived observation of snow cover
is in fact either 0 or 1, with the latter being reported in cases where the snow depth is positive. In case
of strongly inhomogeneous snow depth or broken snow deck the quality of the measurement strongly
depends on the location and siting of the sensor. Also, reporting broken snow decks, like traditionally
done by the precipitation observers, is not possible. These differences should be clearly communicated
to end users and other stakeholders of automated observation data.
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