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	Summary and purpose of document
This document provides information on a proposed methodology to be used for the snow on the ground part of SPICE.


Action proposed

The Meeting is invited to review the proposed methodology and experiment set-up proposed in this document and taking into account the views of the relevant SPICE testsites. The meeting will then be invited to decide on the precise set-up to be implemented on all sites contributing to this part of the experiment.
________________
Experiment Plan for SPICE Snow on the Ground (SOG) Intercomparison

1. Background

The overall WMO-SPICE objective, as defined at the first SPICE IOC meeting (October 2011), are as follows:

· To recommend appropriate automated field reference system(s) for the unattended measurement of solid precipitation in a range of cold climates and seasons, and to provide guidance on the performance of modern automated systems for measuring: (i) total precipitation amount in cold climates for all seasons, especially when the precipitation is solid, (ii) snowfall (height of new fallen snow), and (iii) snow depth. 

· SPICE will investigate and report on the measurement and reporting of precipitation amount, over various time periods (minutes, hours, days, season), as a function of precipitation phase (liquid, solid, mixed), and snow on the ground (snow depth); as snow depth measurements are closely tied to snowfall measurements, the intercomparison will address the linkages between them. 
· As a key outcome, recommendations will be made to WMO Members, WMO programs, manufacturers and the scientific community, on the ability to accurately measure solid precipitation, on the use of automatic instruments, and the improvements possible.  Results of the experiment will inform those Members that wish to automate their manual observations.

After completion of Season 1 (Northern Hemisphere) of the SPICE project, the objectives for the SOG Intercomparison have been re-defined and clarified to form the basis of this Experiment Plan leading into Season 2.

2. Objectives

Following the above, the primary objectives of the WMO-SPICE SOG Intercomparison are as follows:

1) Characterize and recommend an appropriate automated reference for the measurement of accumulated snow depth that will function unattended in a range of cold climate conditions.

2) Investigate and report on the measurement and reporting of accumulated snow depth from automated sensors, as designed, over various time periods (minutes, hours, days), linking these measurements to the reference measurements of total precipitation. 

3) Assess the capability and develop a methodology for the measurement of freshly fallen snow using automated snow depth sensors, including the recommendation of an appropriate automated reference if possible.

Secondary objectives are as follows:

4) Assess the spatial representativeness of a point snow depth measurement from an automated sensor

5) Assess the capability of automated sensors to determine the Snow Water Equivalent of accumulated or freshly fallen snow. 

3. Intercomparison Reference Recommendations
a. Accumulated Snow Depth

SAR0: Two ruler measurements at the periphery of the footprint outside the field of view (FOV) of each automatic sensor conducted at the same time at least once per day.  An observer is required. 
SAR0a:  Manual observation of 2 graduated stakes on either side of the automated snow depth sensor footprint at least once per day. An observer is required.  Graduated stakes should have cm graduations and be observed as close as possible to the level snow pack.

SAR0b:  Camera observations hourly of 2 graduated stakes on either side of the automated snow depth sensor footprint.

SAR1: Manual snow depth transect of a minimum 10 points (preferably at fixed points or using graduated stakes at fixed intervals of 3-10 metres) conducted at least once per day near the auto snow depth sensor array to assess variability of snow depth over the observing site. An observer is required.

SAR2: Automated - Campbell Scientific Canada Snow depth sensor model SR50ATH-316SS with German designed fibreglass board target.  Sensor to be mounted to manufacturers specifications.
b. Freshly Fallen Snow

SFR0: Manual ruler measurement of the depth of freshly fallen snow (snowfall) following procedures described in the CIMO Guide conducted at a consistent time at least once per day near the auto snow depth sensor array (a maximum of 10 m from the sensor array is recommended). An observer will be required. The German developed snow grid is recommended to be used as a common reference snow board and observed using the German national standards.
SFR2: Automated – Daily snowfall amount derived from Campbell Scientific Canada: Snow depth sensor model SR50ATH-316SS with German designed fibreglass board target.  Sensors should be installed according to the manufacturer’s specifications and measured at a minimum resolution of 1 minute.  Sensor configuration and snowfall algorithm are to be determined.
c. Snow Water Equivalent

SWR0: Manual Snow Water Equivalent (SWE) measurement following procedures described in the CIMO Guide conducted biweekly near each auto snow depth sensor just outside the field of view. Samples should not be taken within 30cm of a previous sample and the core can be used to partially refill the sample hole.  Known snow sampler biases/errors must be considered. A precise description of equipment and procedures used at each site will be required.  An observer is required.

4. Experiment Design

a. Site Layout

Automated Snow Depth Sensors should be installed according to manufacturer’s specifications and a minimum of 15 metres from a DFIR or other large structure, minimum 10 metres from precipitation gauges, and minimum 2 metres from other snow depth sensors to avoid overlapping footprints.  Two stakes with 1cm graduations should be installed approximately 10cm outside of the calculated field of view of the automated sensor.  A Campbell Scientific Canada Snow depth sensor model SR50ATH-316SS (for example) has a footprint radius of 54cm when mounted at 2 metres height.

b. Surface Target

Automated Snow Depth Sensors:  The recommended surface target is the German developed and tested fibreglass board with 3cm feet as described in ANNEX 1.

Manual Ruler Measurements:  It is recommended that the German developed open grid snowboard as described in ANNEX 1 be used as the common reference snowboard for manual daily snowfall measurements.
c. Data Resolution

A minimum of 1 minute data resolution shall be used for automated snow depth reference measurement (SAR2) and snowfall reference measurement (SFR2).

5. Auxiliary Measurements

The following auxiliary measurements are required:

1. Air Temperature and Humidity at 1.5m (or at the national standard observing height)

2. Global incoming solar radiation (recommend a 4-way net radiometer)

3. Wind speed and direction at 2m and 10m

4. Precipitation intensity and amount (preferably from an R2 or R3 reference)

5. Precipitation occurrence and type (minimum capacitance or optical precipitation detector) 

6. A fixed 5-10 point snow course with multiple Snow Water Equivalent (SWE) and snow depth measurements conducted biweekly following procedures outlined in the CIMO Guide. Known snow sampler biases/errors must be considered. A precise description of equipment and procedures used at each site will be required.  An observer is required.
7. Others?
6. Participating Sites and Instrumentation
a. Finland (Sodankyla)

The Sodankyla site is hosting the following instruments under test for the 2013/2014 NH accumulation season:  1)Campbell Scientific Canada Snow depth sensors model SR50ATH-316SS (2), 2)ESW Snow Depth Sensor SHM30/012840-642-22 (2), 3)ETG Snow Depth Sensor, model SENULSNIV (2), 4)Felix Technology Snow Depth Sensor, model SL300 (2), 5)Sommer Snow Depth Sensor, model USH-8 (2). 

b. Poland (Hala Gasienicowa)

Hala Gasienicowa is hosting the following instruments under test for the 2013/2014 NH accumulation season:  1)Campbell Scientific Canada Snow depth sensors model SR50ATH-316SS (2).

c. Can other sites contribute to objectives for the 2013/2014 season?

d. Commentary on 2012/2013 Measurement Period

i. Finland (Sodankyla)
The Sodankyla site experiences heavy snowfall with low wind speeds allowing for a consistent snow accumulation with little variability in depth.  This makes the site an excellent candidate for intercomparison of several snow depth instruments. Unfortunately, the absence of wind also creates issues with snow building up on the sensors and sensor mounts.  This may in turn be influencing the sensor measurements.  Heated sensors and/or heated mounts should be considered here taking into account any disadvantages of this configuration.
ii. Poland (Hala Gasienicowa)
The Hala site is a great candidate for examining the functionality of snow depth instrumentation in a relatively severe environment while still taking advantage of manual observations.  There is some concern however over the setup at Hala in that the measurements of snow depth are being taken on a sloping surface.  This may have an influence on the snow accumulation around the sensors such that each sensor is seeing a different amount.  The target area for the sensors, from photos, appears to be inconsistent.  This is also likely impacting the variability in accumulation around the two sensors.  The natural vegetation, although having advantages in naturally trapping snow at the beginning of the season and producing natural melt in the spring, makes it difficult for the sensors to acquire an accurate snow depth measurement at the beginning and end of the accumulation period.  Changes to the configuration at this site should be considered including standardized targets under the sensors. 
7. Items for further discussion

1. What sensors were “heated” for 2012/2013?  What were the advantages/disadvantages?  Should more heating be used on sensor mounts, etc to keep snow from building up or will this cause other issues with melting onto the measurement surface?
2. Does heating resolve rime icing issues?

3. Algorithm and sensor configuration for deriving snowfall SFR2 from reference automated snow depth sensor?
4. Data Resolution – sensor capabilities?
5. Can other sites be used to gather useful information to meet the above objectives?
8. Expected Results

1. Comparisons of manual SAR0, semi-automated SAR1, and automated SAR2 snow depth measurements from Sodankyla and Hala are expected to help characterize the proposed SAR2 reference and allow the IOC to make recommendations about its future deployment and utilization as a reference instrument for snow depth. 

2. Intercomparison of the five sensor types at Sodankyla is expected to reveal any systematic biases in the various measurement technologies for snow depth related to meteorological conditions in a cold, snowy environment.  The IOC will be able to provide guidelines and recommendations for future use and interpretation.

3. By intercomparing SFR0 and SFR2 observations combined with R2 and R3 measurements and ancillary observations, develop and/or refine methodology for the automated measurement of freshly fallen snow at various time periods.  
4. Differential snow depth measurements made with automated sensors at Hala and Sodankyla during snowfall events can be linked to the R2 (Sodankyla) and the R3 (Hala and Sodankyla) gauge reference measurements at various time intervals to assist operational networks in the reporting of snow depth and snow water equivalent where one set of instrumentation is not available.

5. Others? 

ANNEX 1

For snowfall Germany uses the snow grid (0.5 x 0.5 m²) at sites with manual measurements (presented in Helsinki 2010; shown in Fig.A1 below). The grid is placed on top of the snow surface and the observer makes it level with the snow surface. The observer can even wipe over some snow to fill all meshes so that the grid almost disappears in the snow. This should be the most natural starting surface for snowfall to accumulate – especially in windy conditions. To find the grid in the snow for the measurement, a stick is placed into one of the grid meshes. Depth of freshly fallen snow is measured by a ruler with the grid being the bottom level. After the measurement, the grid is replaced on top of the new snow surface. (How many ruler measurements?  4-5??) 
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Figure A1: German snow grid (left) for

Snowfall Measurement and snow plate (right) for snow depth.

Snow depth is currently measured manually and automatically. For the automatic measurement Germany is using SR-50’s with a special snow plate on the ground. Tests with artificial turf and plates resulted in this solution. To imitate a short cut grass cover, they chose a glass fibre board which rests on short feet to keep about 3 cm of air space underneath. The board is actually the same thing as the grid, but with a closed surface. 

For the SR50 mounted at 2.25 m in their network, they are using 4 plates to form 1m x 1m base. In this way it would be easy to produce any size A SPICE site would need. The smaller plates are easier to handle and still make a reasonable even surface when put together.

Can Germany provide the plates for Sodankyla and Hala?
_________________



















































