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1. Overview
The following is an overview of procedures for manual measurements of precipitation accumulation and snow depth at the Observing Systems and Engineering (OSE) field measurement site at the Environment Canada (EC) Centre for Atmospheric Research Experiments (CARE) in Egbert, Ontario, Canada. This overview is based on descriptions of procedures outlined in the World Meteorological Organization (WMO) Solid Precipitation Intercomparison Experiment (SPICE) Proof of Performance (PoP) report for CARE prepared by Amal Samanter (OSE), the WMO SPICE document on measurements of snow on the ground prepared by Barry Goodison (WMO), as well as e-mail correspondence with the observer at CARE, Phil Raczynski (OSE). The equipment and methodology for measuring and recording precipitation accumulation and snow depth are outlined in Sections 2 and 3, respectively. For continuity, pertinent details of manual precipitation observations during the previous WMO Solid Precipitation Measurement Intercomparison are included in Section 2. 
2. Precipitation accumulation

Manual observations of precipitation accumulation at CARE employ a Tretyakov gauge within a double-fence intercomparison reference (DFIR) shield; the former is comprised of a cylindrical collector inside a wind shield, and the latter is comprised of concentric octagonal wooden fences. The on-site observer is provided with two collectors, one of which is positioned on a base within the DFIR shield as part of the Tretyakov gauge. For additional details regarding the design and construction of the Tretyakov gauge and DFIR shield, please refer to the final report from the WMO Solid Precipitation Measurement Intercomparison (Goodison et al., 1998). 
The measurements of accumulated precipitation amount are obtained through the following sequence of events, typically once daily, with one or more additional measurements to be obtained on days with precipitation (either during or following precipitation events, depending on event duration and/or observer availability):

· The empty (‘clean’) collector is weighed to the nearest 0.1 g on a scale in one of the sheltered shacks on-site and covered

· The clean collector is carried to the base in the DFIR shield, currently housing the ‘weathered’ collector, which has been open to the air and has collected any incident precipitation that has fallen within it
· The time is recorded
· If it is not precipitating, the weathered collector is left uncovered to avoid disturbing any snow/ice above the rim; if it is precipitating, the cover from the clean collector is transferred to the weathered collector, trying not to disturb any snow/ice above the rim
· In the same sequence, the weathered collector is replaced with the clean collector, now uncovered, on the base in the DFIR shield
· The weathered collector is taken inside the shack housing the weighing scale

· Any precipitation adhering to the outside of the weathered collector is removed
· In the event that there is frozen precipitation on the collector above the rim, a short waiting period is provided for melting. Any melt not falling into the collector is wiped from the outside of the container with a cloth, along with any condensation that has formed. 
· The collector is weighed – again, to the nearest 0.1 g – and the specific collector used is recorded, along with the prevailing weather conditions

· Following the measurement, all precipitation is evacuated from the collector, the insides are cleaned with a cloth, and the collector is then left upside-down in the shack to dry until the time of the next measurement

All measurements and times are recorded on a designated sheet (hard copy), along with the details of the collector, observer name, and prevailing weather conditions. Weather conditions are recorded using the format outlined in Environment Canada’s Manual of Surface Observations, MANOBS: 

http://www.ec.gc.ca/manobs/
The precipitation measurements and associated details should also be input into an online database via a web interface, to provide users access to the most recent observations and also to provide a secondary backup of measurements.
Using the procedure outlined above, the accumulated precipitation amount in mm is determined from the difference between the weight of the weathered collector (combined weight of collector and any accumulated precipitation) and the weight of the empty (clean, dry) collector. The procedure during the first WMO Solid Precipitation Measurement Intercomparison was similar to that described above, but the accumulated precipitation amount was determined from the volume of precipitation in the collector. The specifics of this procedure are detailed in the final report (Goodison et al., 1998). A brief description of the volume-based approach and associated corrections is provided below, along with a discussion of key distinctions between this approach and the current, weight-based, approach.

During the previous intercomparison, the clean and weathered collectors were exchanged using a similar configuration
 and procedure as the current study; however, when the (covered) weather collector was taken into a sheltered area, any solid precipitation was melted, and the collected precipitation was drained into a measuring glass. The precipitation amount was then recorded in mm. To account for any precipitation adhering to the inside of the collector (‘wetting losses’), the collector was weighed immediately following draining, and then again later when the collector was dry. The difference in grams was recorded, averaged over a series of measurements (typically 40) to establish a wetting loss constant for a given collector, and then converted to a water depth in mm. In addition, to account for evaporation losses, the collector and accumulated precipitation were weighed immediately after a snowfall event and at a later time. The difference between the two weightings was converted to an evaporation loss in mm.

The wetting loss correction is not necessary when manual measurements are obtained based on weight, rather than volume, as no precipitation is drained from the collector when taking measurements. Hence, where the weight-based approach is applied during WMO-SPICE (e.g. at CARE), wetting loss corrections are not required. The evaporation loss correction may not be possible during WMO-SPICE, given the logistical difficulty of having an observer on-hand to make a measurement immediately following a precipitation event. An additional consideration when manual measurements are based on both weight and volume is the potential contribution of frost on the collector. At CARE, any occurrences of frost that may influence the measurements are noted by the observer on-site and reported along with the measurement.

3. Snow depth measurements
Manual observations of snow depth at CARE employ a network of 30 graduated snow stakes placed at various locations on the site for the purpose of assessing spatial variability. The placement of stakes generally corresponds with the locations of gauge bases on-site, with three or four stakes located at different locations around each base. It is important that stakes are placed outside the field of view of automatic snow depth sensors (Campbell Scientific SR50A, Jenoptik, GMON) to avoid disturbing the snow in areas interrogated by these gauges, and hence producing erroneous snow depth readings. Stakes are presently located just outside the field of view (FOV) of each automatic snow depth sensor location at CARE for comparison with the automatic measurements (three or four stakes outside the FOV of each SR50A; two stakes outside the FOV of all other automatic sensors).
Daily snow depth measurements are obtained as follows:

· The start time is recorded
· The snow depth is measured at each snow stake to the nearest 0.5 cm, typically starting at the southeast corner of the site
· The end time is recorded

All measurements are recorded on a designated sheet (hard copy), along with the observer’s name and any notes. This information should also be input into an online database via a web interface.
� Canadian sites also used the Nipher shielded snow gauge, a manual gauge similar in concept and design to the Tretyakov gauge, but with a solid, inverted bell-shaped shield. At the time of the previous intercomparison, the Nipher gauge was the national standard for measuring snowfall amount.





