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1. Mission Statement

To develop a reference using automatic gauges and to provide guidance on the performance of modern automated sensors, for measuring: (i) total precipitation amount measurement in cold climates for all seasons, especially when the precipitation is solid, (ii) snowfall measurement, and (iii) snow depth measurement (height of new fallen snow). 
To understand and document the differences between automatic and manual measurements of solid precipitation of equally sheltered gauges, including their siting and configuration. 

2. Project Stakeholders 

(to be completed with input from the representatives of various programs that have expressed interest in the project: PORS, GCOS, CHy, CAgM, Nowcasting, Remote Sensing, … etc, etc)
The results of the intercomparison of methods and instruments for the measurement and observation of solid precipitation will support and advance the applications in the areas of:

climate change, water cycle, nowcasting….

Nowcasting Requirements (contribution Paul Joe): 

Nowcasting and very short term forecating are forecast techniques that cover the 0-6 hour time scales. Implicitly, nowcasts are precise in time (minutes) and space (less than a kilometer) and high accuracy are required.  Traditionally, nowcasts are based on the diagnosis of precipitation derived from radar observations since radar have high temporal and spatial resolution.  Emerging are nowcasts based on other surface measurements and remote sensing instrument.  An example related to solid precipitation is the nowcast of airport terminal conditions for the deicing of aircrafts.  Deicing fluids have effective times as short as 10 or 20 minutes as long as 40 minutes.   The selection of the deicing fluid type (cost is commensurate with effectiveness time) is highly dependent on the nowcast of precipitation type and intensity from application of the fluid at the deicing bay to take off which may be a few kilometers away.  So accurate high temporal measurements or estimates of precipitation type and intensity are required by in-situ sensors.  These measurements are used in combination with radar derived estimates to provide the necessary spatial estimates.  Visibility is also dependent on precipitation and accurate estimates of precipitation and particle size are needed.   In sporting events such as the Winter Olympics, precipitation is key for the safe and fair operation of Alpine events (for examples).   In mountainous terrain, accurate knowledge of the freezing levels is critical to the rain-snow transition and this translates in spatial resolutions of hundreds of meters.  The adiabatic effects of snow melting to rain is critical to the wind patterns and also mid-mountain cloud formation.  The measurements of rain, snow and intensity are needed to validate the physics in high resolution models.

CAgM Expectations (contribution Francesco Sabatini):

· assess snowfall automatic devices in order to facilitate future selection based upon specific conditions (i.e. type of climate, power availability, complexity of the sensor, etc.)

· evaluate the power drain by the automatic system because we often rely on solar panel / wind powered remote stations

· characterize the instrumentation with respect manual observations and Reference sensors

· evaluate the accuracy and the performances of the snowfall devices under different climate conditions

· evaluate the robustness of the instrumentation employed in the intercomparison (i.e. gap analysis, number of malfunction reports) 

· increase the effectiveness of observed data interpretation by improving post processing methodologies to reduce/correct undercatchment errors  

· provide practical examples of snowfall data correction upon the results obtained by the intercomparison

· address guidelines to assist in the transition from manual to automatic snowfall observing systems (ref. ET-AWS 6 2010)

· address guidelines and/or references for the integration into networks of heterogeneous and innovative tools for measuring precipitation;
A very useful source of information comes from the joint use and integration between snowgauges/raingauges data and other weather observing systems like radar, polar and geostationary multi-spectral satellites. All these instruments are inter-complementary and referred to different atmosphere stratus level, thus their parallel use provides very detailed reconstructions of weather systems.

3. Scope and Definition
Building on the results and recommendations of previous inter-comparisons, the WMO Solid Precipitation Intercomparison Experiment (WMO-SPICE) will focus on the performance of modern automated sensors measuring solid precipitation.  The WMO-SPICE will investigate and report the measurement and reporting of the following parameters:

a) Precipitation amount, precipitation intensity,  and precipitation type (liquid, solid, mixed), over various time periods (minutes, hours, days, season);

b) 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 the WMO Members, WMO programmes, manufacturers and the scientific community, on the ability to accurately measure solid precipitation, on the use of automatic instruments, and the improvements possible. The results of the experiment will inform those Members that wish to automate their manual observations.
While spatial measurements and global coverage are part of the observation considerations, these issues are beyond the scope of this intercomparison and while important, it must be addressed in other ways.  However, the results of this intercomparison will contribute to improved spatial and temporal estimates of precipitation. 

4. Background

Solid precipitation is one of the more complex parameters to be observed and measured by automatic sensors. The measurement of precipitation has been the subject of a multitude of studies, but there have been limited coordinated assessments of the ability and reliability of automatic sensors to accurately measure solid precipitation. The WMO Solid Precipitation Measurement Inter-comparison" - Final Report B.E. Goodison (Canada), P.Y.T. Louie (Canada) and D. Yang (China), 1998, focused on the instruments in use in national networks at the time of the intercomparison, primarily manual methods of observation. The assessment of automatic sensors/systems for snow depth and snowfall measurement was not a central part of the study, and no intercomparison stations were included in the Arctic or Antarctic.
Since then, an increasing percentage of precipitation data used in a variety of applications have been obtained using automatic instruments and stations, including the measurement of snow depth, and many new applications (e.g., climate change, nowcasting, water supply, complex terrain, avalanche warnings, etc) have emerged. At the same time, many of the new techniques used for the measurement of solid precipitation are of non-catchment type, e.g. light scattering, microwave backscatter, mass and heat transfer, etc.
Additionally, during the development of proposals for satellite sensors to measure solid precipitation, the issue of validation and calibration of such products using in-situ measurements (network or reference stations) identified the availability of reliable measurements of solid precipitation at automatic stations as a key input in assessing measurements in cold climates.

The modern data processing capabilities, data management and data assimilation techniques provide the means for better assessment and error analysis. 

5. Intercomparison Objectives
The WMO-SPICE will report on the following key objectives:
I. Define an in-situ field reference for measuring solid precipitation using an automatic gauge:  Define, develop and validate a field reference using automatic gauges for each parameter being investigated, with an increased temporal resolution (e.g. 1 hour, 30 minutes, 10 minutes, 1 minute).

II. Assess automatic instruments and the associating processing used in operational applications for the measurement of Solid Precipitation (i.e. gauges as “black boxes”): 

a. Assess the ability of operational automatic sensors (weighing gauges, tipping buckets, non-catchment instruments) to robustly perform in the required operating conditions (light, heavy, wet, windy, blowing etc);
b. Derive adjustments to be applied to measurements from operational automatic gauges, function of parameters available at an operational site: wind, temp, RH; 
c. Make recommendations on the required operational ancillary data, which would enable the derivation of adjustments applied data from operational sites, on a regular basis, potentially, real-time or near real-time;
d. Assess the operational data processing and data quality management techniques; 

e. Assess the minimum practicable temporal resolution for reporting a valid solid precipitation measurement (precipitation falling and accumulation on the ground, by technology type);

f. Evaluate the ability to detect and measure light precipitation. 

III. Provide recommendations on best practices and configurations for operational gauges, in operational environments:  

a. On the exposure and siting specific to various types of instruments;

b. On the optimal gauge and shield combination for each type of  measurement, for different collection conditions/climates (e.g., arctic, prairie, coastal snows, windy, mixed conditions);

c. On instrument specific operational aspects, specific to cold conditions: use of heating, use of antifreeze ( evaluation based on its hygroscopic properties and composition to meet operational requirements);

d. On instruments and their power management requirements needed to provide valid measurements in harsh environments; 

e. On the appropriate target under snow depth measuring sensors;

IV. Investigate and understand the accuracy and precision of gauges and the ability to accurately report solid precipitation.

a. Assess the sensitivity, accuracy, precision, and response time of operational and emerging automatic sensors;  
b. Assess and report on the sources and magnitude of errors including instrument (sensor), exposure (shielding), environment (temperature, wind, microphysics, snow particle and snow fall density), data collection and associated processing algorithms with respect to sampling, averaging, filtering, and reporting.
V. Evaluate new and emerging technology for the measurement of solid precipitation (e.g. non-catchment type), and their potential for use in operational applications.
VI. Enable  additional studies on the homogenization of automatic/manual observations: configure and collect a comprehensive data set for further data mining or for specific applications (e.g., radar derived snowfall relationships).

6. Deliverables

The WMO-SPICE will provide reports on the intermediate and final results of the experiment covering the following aspects;
a) Recommendations of WMO field references using automatic gauges, for the observation and measurement of the parameters evaluated;

b) Procedures to adjust for gauge (under)catch and other errors, for the gauges and windshields evaluated;

c) Definition and metrics of the errors for the measurement of precipitation accumulation, snow on the ground and snowfall;

d) A comprehensive data set for legacy use for further data mining (e.g. studies on the homogenization of automatic/manual observations, develop algorithms to derive additional parameters and understanding).

e) Publication into CIMO Guide and for possible ISO standards (under WMO-ISO agreement, 2009).
f) Guidance to Members that wish to automate their manual observations of solid precipitation measurements; 

g) Recommendations made to manufacturers on instrument requirements and improvements; 
7. Instruments and Configurations to be considered

I. General

The experiment will include instrument types and models, and configurations identified as currently operational; as summarized in IOM 102 CIMO Survey on National Summaries of Methods and Instruments for Solid Precipitation Measurement at Automatic Weather Stations). In addition, known emerging technologies, will be included, based on the recommendations from the WMO Members. Specifically:

· Weighing Gauges, Tipping Buckets, other storage gauges;

· Instruments employing emerging technologies e.g. laser, particle distrometers, hot plate, spinning arm, vertically pointing radar, optical gauges, acoustic, precipitation video imaging, video camera.

· Wind shields: (type: e.g. Alter, Nipher, Tretyakov, Wyoming, Belfort, wood), and configurations (single, double, small DFIR); 

· Gauges equipped with heating in various configurations;

· Emerging trends: low-cost sensors, with (potential for) wide use.

II. Selection Criteria for participating instruments

· Sensor or gauge is prepared to work in harsh winter conditions (e.g. heating, insulation, etc.)

· The preferred resolution for precipitation amount is 0.1 mm or better; however, the IOC will consider instruments with resolutions below that (e.g. 0.2 mm), on a case by case.
· Instruments offer reporting time interval of 1 minute or better;
· Instruments have the ability to operate reliably using battery power;
· Preference will be given to in situ, both catchment and non-catchment, instruments that are currently used or considered to be used in national networks; emerging technologies will also be considered.

· Due to field acquisition system restrictions, only instruments with digital output (preferably serial) will be considered. Due to large cable lengths at the test site participants will be asked to provide an RS485/422 output. Instruments with other types of outputs may be accepted only with an appropriate adaptor interface. The instruments with a pulse output do not require a converter unless the manufacturer usually provides the sensor with an interface.

· Preferences will be given to deployment of two identical instruments, however this is not a condition for participation.

· The instruments will be calibrated/tested before the intercomparison using a methodology agreed by the IOC. No adjustments will be made to the instruments. The point of delivery will be decided after selection of the participating instruments.

· The number of instruments tested on each participating site will be limited by the available capacity of the intercomparison site. The ET/IOC will select instruments for participation based on the following criteria:

· Instruments will be selected to cover a variety of measurement techniques and configurations;

· Preference will be given to operational instruments in wide use.
· Preference will be given to promising measuring techniques;

· Every instrument should be installed following operational procedures specific to the proponent member. If an instrument is operationally used in combination with a windshield, then the appropriate shield has to be provided by the member. The proponent will provide the installation guidelines.
· The gauge used as reference gauge, shall also be installed, in the field in order to quantify the errors.
· To the extent possible, the gauges will be spaced out according to the CIMO guidelines for the siting of precipitation sensors.
8. Reference Methods for Intercomparison:

a) Precipitation amount

For the Solid Precipitation Intercomparison of 1986-1993, the IOC designated the following method as the reference for the Intercomparison and named it as the Double Fence Intercomparison Reference (DFIR):

“The octagonal vertical double-fence inscribed into circles 12 m and 4 m in diameter, with the outer fence 3.5 m high and the inner fence 3.0 m high surrounding a Tretyakov precipitation gauge mounted at a height of 3.0 m. In the outer fence there is a gap of 2.0 m and in the inner fence of 1.5 m between the ground and the bottom of the fences.” (WMO/TD-872/1998, section 2.2.2)

At the conclusion of the intercomparison, it was recommended that “The Double Fence Intercomparison Reference (DFIR) should be accepted as a secondary reference for the (manual) measurement of solid precipitation;” (section 6.1.2 of WMO/TD-872/1998)
For the purpose of the WMO-SPICE a new field reference will be configured using an automatic gauge and will be designated as the reference by the expert opinion of the IOC. Building on the outcome of the previous intercomparison, a field reference using an automatic gauge will be:
The octagonal vertical double-fence inscribed into circles 12 m and 4 m in diameter, with the outer fence 3.5 m high and the inner fence 3.0 m high surrounding an automatic weighing precipitation gauge mounted at a height of 3.0 m. In the outer fence there is a gap of 2.0 m and in the inner fence of 1.5 m between the ground and the bottom of the fences. The automatic gauge will be installed with an Alter shield”.

The spacing from the ground to the bottom of the fence will be site specific, taking into consideration the site climatology.

The automatic gauge used for reference is a weighing gauge type instrument with a wide operational use. The model of the gauge used will to be identified by the IOC. Rational on the selection made will be provided as part of the decision.

The IOC recommends that the automatic gauge used for the field reference, be heated. The heaters configuration and the heating algorithm will be developed and accepted by the IOC based on the current practice.

Most likely candidates are Geonor T-200 (with three transducers) or Pluvio-2 from OTT.
For SPICE, the following field reference configurations are possible:

· R1: DFIR + Tretyakov gauge (manual measurements)+Tretyakov shield, identical to that designated in the 1986-1993 intercomparison;
· R2: DFIR + automatic weighing gauge (AWG) + Alter shield; the model of the AWG is still to be determined.

· R3: An automatic weighing gauge in a windshield with sufficient characterization and history, to have a degree of confidence for the purpose of meeting specific objectives, as agreed between the host country and the IOC. The characterization must be done in relation to R1 and R2, and could be done as part of SPICE.  This is a pragmatic approach for sites contributing to meeting the SPICE objectives (e.g. complex terrain with heavy wet snow), but where the installation of a DFIR is not feasible.

· In addition to the typical accumulation gauge, other instruments may be considered as important in better characterizing the reference for the measurement; e.g. distrometers, cameras, etc… 

Given the three types of field reference considered for this experiment, the following configurations are possible:

· S1: Sites with R1, R2 and R3, ,to characterize R3;
· S2: Sites with R2 and R3,to characterize R3;
· S3: Sites with R3.

The presence of R3 on sites type S1 and S2, will allow to increase the transferability of results between the participating sites, by enabling the characterization of R3 as a function of the R1 and R2.
Type of Stations:

For the Solid Precipitation Intercomparison of 1986-1993, (section 2.2.3 of WMO/TD-872/1998) the IOC designated the station operated as part of the intercomparison as:
(a) Evaluation Station - most intensively instrumented for the purpose of analyzing in detail the differences in snowfall catch between all national methods of measuring solid precipitation and the Double Fence Intercomparison Reference (DFIR) and the Working Network Reference. Such stations should be established to represent the different climatological and physiographic regions in a country; and

(b) Basic Station - instrumented with the minimum amount of equipment to assess the performance and accuracy of national methods of measuring solid precipitation relative to the working-Network Reference.

The SPICE IOC has considered adopting a similar naming convention for the sites participating in the experiment.. The key criterion used for that is the configuration of the reference for the measurement of total precipitation amount.
It is proposed that:

- a site type S1 or S2, as defined above will be considered evaluation sites;

- a site type S3 will be considered as a basic site.

The configuration of the instruments evaluated on each site will depend on the experiment objectives that could be assessed on that site, the availability of the instruments, and the national objectives.
b) Precipitation Type

· Manual observations; the manual observations will be done in a standard manner. Depending on the type of station this is done at 3,6,12 or 24 hours intervals.

· One or more sensitive precipitation detectors (e.g optical, Thies, POSS, etc)

· Weighing gauge (WG) to determine the intensity level (light, moderate, heavy).

c) Precipitation Intensity/Rate

Precipitation intensity is defined as the 1 minute sum in units of [mm/h]. At the minimum, the recommended reference is one AWG in a DFIR;

d) Snow on the Ground

Recommended reference: snowboard measurements.

9. Duration: Minimum 2 winter seasons.

10. Proposed Ancillary measurements:

In-Situ

· manual observations of selected parameters: precipitation type, snow course, snow depth, assessment of snow drift, blowing snow, etc
· Site wind (10m), temperature, and relative humidity;

· 2D wind measurements at the level of the orifice of gauges under test;

· 3D wind at the site;

· (potentially) temperature and wind (3d?) inside the DFIR, and close to any reference;

· Radiation and ground heat, latent heat (both directions);

· Visibility, cloud conditions, ice accretion;

· Web/video camera imagery (including of a defined target);

· Microphysical measurements (e.g. Snow Video Imager, 2DVD, Parsivel, POSS, GCIP, etc)

· Ground temperature and Snow temperature;
· Blowing snow;
· Snow Water Equivalent (snow density); 
· Precipitation detector (yes/no type);
· Precipitation type detector(s)
· Still and video cameras pointing at selected targets.
Remote Sensing 

·  vertical temperature profile;
· radar reflectivity and polarization information (C-band or X-band), temperature, humidity, and wind profiles. While highly desirable, their presence will be a function of the local availability of instruments and analysis expertise. Recommended instruments:
· Vertical Soundings: Vertically Pointing Radar (could be 24 GHZ or other),  Wind profiler, radiometer, lidars;

11. Organization of the Intercomparison:

Organize the intercomparison concurrently, on several sites with varied Climatic and Meteorological Regimes and Conditions.
IOC will take into account the risk assessment (to be drafted by the project leader) in the development of the Intercomparison Plan, including selection of instruments and references, logistics, transportation of instruments, their calibration and installation, maintenance and oversight during the exercise, etc.

The selection of each site and its objective(s) will be determined by the specific local conditions, the desired contribution of the participating Member and the overall objectives of SPICE.

a. Each or some of the intercomparison sites may have specific measurement objectives, targeting specific measurement objectives or conditions, identified prior to the start of the experiment, as an agreement between the hosting country and the SPICE IOC; suggested criteria:

· sites with a predominance of precipitation climates – dry, wet, light, heavy, mixed or blowing 

· Sites with peculiar weather regimes – Arctic, Mountain, Ocean, etc 

· Site with access to specific ancillary technologies to aid the analysis 

b. The experiment site will be configured with a comprehensive set of instruments and auxiliary measurements, which will allow meeting the mutually agreed measurement objectives; example of potential targeted objectives:

· Assess a range of collocated operational gauges and report on their relative performance, with respect to a set reference.
· Assess different shield configurations: use one gauge type in multiple shield configurations;

· Assess heating solutions for gauges in environments where existing results demonstrate that heating would improve the availability of reliable data;

· Assess precipitation type type;
· Assess a range of collocated sensors measuring snow on the ground.
Sourcing the instruments for the intercomparison:

Given the organization of the intercomparison on multiple sites, concurrently, the number of units of the same instrument model is higher than in a regular intercomparison. For that reason, the IOC will have to assess options for sourcing the instruments:

· obtaining the same instrument model from more than one participating Member;

· obtaining instruments from the manufacturers;

· including in the experiment instruments owned by the host country.

All instruments included in the intercomparison must undergo a calibration and verification process at the start of the experiment. The calibration and verification process applied will be the agreed upon by the IOC and the host country. Options considered are:

· apply the same calibration methodology to all instruments tested;

· apply a calibration methodology, typically applied in the host country.
a. A staged approach is proposed:

1. For the winter of 2011/12: by taking advantage of existing capacities in several countries, organize the assessment of a composite reference for the measurement, using automatic gauges. The USA, CANADA, Switzerland, Finland are potential candidates for this phase. Details must be established on the specifics of the configuration, the measurement objectives, data policy, and the data results objectives.

2. 2012/13 & 2013/14: organize a multi-site intercomparison, based on the project plan developed by the IOC, using for the definition of a reference the results of the 2011/12 study on that.

3. Potentially, participating sites could extend the intercomparison beyond 2 years and new sites could set up their own trials after the conclusion of this two year intercomparison, assuming the transfer functions have been established. The IOC will decide whether it is feasible to draw a line after a specified period, e.g. 2 years.

12. Instruments currently in use

The automatic instruments for the measurement of solid precipitation currently in use operationally world wide, is provided in the Appendix of this document. The Appendix is an excerpt from the IOM 102 (TD 1544) WMO-CIMO report CIMO Survey on National Summaries of Methods and Instruments for Solid Precipitation Measurement at Automatic Weather Stations

Other experimental instruments are known and will require assessment whether the technology is promising and representative for the future of the measurements; e.g. hot plate, Parsivel2, Gamma Monitor GMON-, Snow Pack Analyser., TBD, vertically pointing rain radar from METEK: MRR-2, present weather sensor version (PreWeS…).
13. Glossary of terms

To enable the effective communication of the results of the experiment, the IOC will develop a glossary of terms used in the experiment.

(A separate discussion paper is currently available on the definition of the data types that will be used for the intercomparison)

As the starting point, below is it reproduced the glossary of terms included in the report of the previous intercomparison, WMO/TD 872/1998:

Accuracy/Reliability:

Since the gauge adjustment procedure will not result in an exact value but will introduce some degree of uncertainty into the adjusted estimates, it is imperative that the reported values include not just the adjusted estimate, but an interval in which the "real" value is expected to lie. It is proposed that 95% confidence limits be used since they are widely understood and recognized. This requires that some estimate of the goodness of fit of the correction factor be reported. It is also required that this "goodness-of-fit" be computed from an independent data set and not from the data which were used to specify the model parameters. Cross-validation can be used to obtain this independent data set.

Adjustment (correction) procedures:

Computational procedures developed to account for the systematic errors inherent in precipitation

measurement. Although the term “correction” has been used more commonly, the term “adjustment”

is the preferred terminology since it does not imply that the resulting precipitation value is the exact

“ground truth” value. Because of the many authors contributing to this report, these two terms have

been used interchangeably.

Automatic recording techniques:

Precipitation measurement techniques that involve mechanical (moving pens), electrical, or chemical

procedures.

Blowing Snow:

Snow particles raised and stirred violently by the wind to moderate or great heights. Visibility is poor

(6 miles or less) , and the sky may become obscured when the particles are raised to great heights.

Catch Ratio (Rc):

Ratio of the amount of precipitation caught by any gauge including the recorded amount and wetting

loss (Pm) to the true precipitation (Pt). 

Mathematically, Rc = Pm/Pt
Correction factor (k):

Ratio of the true precipitation (Pt) to the gauge measured precipitation adjusted for wetting losses (Pm).

Mathematically,[image: image2.png]=5
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Deficit (D):

Ratio of the difference between the true precipitation (Pt) and the gauge measured precipitation (Pm) to

the true precipitation. Mathematically,
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Dry Snow:

Solid precipitation in the form of snow that normally falls in the absence of liquid precipitation at

shelter-height air temperature less than -3oC.

Evaporation loss:

This is the water lost by evaporation before the observation is made. Evaporation loss from manual

gauges can be a significant contributor to the systematic under measurement of solid precipitation.

Gauge site exposure:

The exposure of the gauge site as to wind. To express the degree of protection of gauge site from the wind objectively and quantitatively, the average vertical angle of obstacles, a, can be applied. On

the basis of assessments of a, a classification of gauge site exposure is possible (e.g., a distinction into open or exposed sites, partly open sites, partly protected sites, and protected sites).

Gauge undercatch: See deficit.

Mixed Precipitation:

Any combination of liquid (rain, drizzle), freezing (freezing rain, freezing drizzle) or solid precipitation falling during the observational period.

Precipitation Gauge:

An instrument designed to measure the amount of all forms of hydrometers, solid and liquid, that fall from the sky or through the atmosphere.

Rain Gauge:

An instrument designed to measure the amount of liquid precipitation only that falls from the sky or

through the atmosphere.

Snow Gauge:

An instrument designed to measure the amount of solid precipitation that falls from the sky or through

the atmosphere.

Solid Precipitation:

The solid products of the condensation of water vapour falling from clouds or deposited from air on the ground. For the purposes of this experiment solid precipitation includes snow, snow pellets, snow grains, ice pellets, hoar-frost and rime but excludes hail.

Snow is precipitation composed mainly of hexagonal ice crystals, mostly star shaped and usually clustered together to form snowflakes.

Snow Pellets are white, opaque balls of snow. They range from 2 to 5 mm in diameter and usually

bounce when landing on a hard surface.

Snow grains are very small white and opaque grains of snow-like structure. The grains are somewhat

flat or elongated. Their diameter is generally less than 1 mm. When they land on a hard surface they

do not bounce or shatter. They usually fall in small quantities.

Ice Pellets are pellets of ice which form when raindrops freeze before reaching the ground. Ice pellets

may also form when pellets of snow are covered by a thin layer of ice before reaching the ground. Ice

pellets are 5 mm or less in diameter. They usually bounce and make a noise when landing on a hard

surface.

Hoar-frost is a deposit of ice having a crystalline appearance generally assuming the form of scales,

needles, feathers or fans, produced in a manner similar to dew, but at a temperature below 0oC.

Rime is a deposit of ice composed of grains more or less separated by trapped air, sometimes

adorned by crystalline branches.

Systematic Error:

An error in precipitation gauge measurement that introduces a preferred bias into the observations.

Systematic underestimation biases include the wind-induced effect, wetting and evaporative losses,

out-splashing effects, friction of the recording pen, high intensity rainfall with tipping bucket gauges,

and the treatment of traces as no precipitation. Overestimation biases can be introduced by blowing

snow and gauge design (e.g., the Canadian Nipher shield).

Random Error:

An error in precipitation gauge measurement that introduces no preferred bias into the observations.

These biases include both observer and recording errors.

Wet snow:

Solid precipitation in the form of snow that normally falls in the absence of liquid precipitation at

shelter-height air temperatures greater than or equal to -3oC.

Wetting loss:

Water subject to evaporation from the surface of the inner walls of the precipitation gauge after a

precipitation event and from the gauge after its emptying.
The SPICE IOC will define additional terminology in support of achieving the desired clarity of results:

· Raw data

· Levels of data

· Field reference using an automatic weighing gauge.
APPENDIX

Excerpt from the report IOM 102 (TD 1544) CIMO Survey on National Summaries of Methods and Instruments for Solid Precipitation Measurement at Automatic Weather Stations, APPENDIX D: Summary of Instruments And Configuration Used, amended with the instruments that were included in the WMO Rain Intensity Intercomparison conducted in 2007-2009.
Manufacturers and some technical specifications of the instruments used for measuring total precipitation accumulation are given in this appendix. 
Tipping Bucket Rain Gauges

	Manufacturer
	Instrument Model
	Bucket Capacity (mm)
	Collecting Area (cm2)
	Heating

	Rimco
	7499 and 8020
	0.2
	324.9
	Optional

	Frise Engineering Company of Baltimore, MD
	HTB
	0.254
	729.7
	Heated

	Meteoservis v.o.s.
	MR3H-FC
	0.1
	500
	Heated

	PAAR (Austria)
	AP23
	0.1
	500
	Heated

	Vaisala
	RG13
	0.2
	400
	No heating

	Vaisala
	RG13H
	0.2
	400
	Heated

	Vaisala
	QMR102
	0.2
	500
	No heating

	Precis-Mecanique

	Precis-Mecanique 3030 or 3070
	0.2
	1000
	Heated

	Degreane
	Degreane 3060
	0.2
	1000
	Heated

	Lambrecht
	1518H3
	0.1
	200
	

	Lambrecht
	15188H
	0.1
	200
	Heated

	Teodor Feidrichs
	7051
	0.1
	200
	Heated

	Thies Precipitation Transmitter
	54032
	0.1
	200
	

	Microstep
	MR2H
	0.2
	200
	Heated

	Campbell Scientific
	Campbell ARG100
	0.2
	506.7
	No heating

	SIAP
	SIAP UM7525
	0.2
	1000
	No heating

	Ogasawara
	RT-1
	0.5
	
	No heating

	Ogasawara
	RT-3
	0.5
	
	Heated

	Yokogawa
	RT-4
	0.5
	
	Heated

	R. M. Young
	52203
	0.1
	200
	No heating

	OTA
	OTA 15180
	0.2
	314.2
	No heating

	SEBA
	RG-50
	0.1 or 0.2
	200
(400 optional)
	Heating (optional)

	MET One
	60030 (380-385)
	0.1
	730.6
	Heated

	AMES
	DDE93A
	0.1
	500
	Heated

	UK Met Office
	Mk 5
	0.2
	750
	No heating

	Texas Electronics Inc. USA
	TE525 MM
	0.1
	471.4
	No heating

	ETG
	R 102
	0.2
	1000
	

	LSI LASTEM
	DQA031
	0.2
	325
	

	CAE
	PMB2
	0.2
	1000
	

	DAVIS
	Rain collector II 7852
	0.2
	214
	

	MTX
	PP040
	0.2
	1000
	


Table 1 – Manufacturers and specifications of the TBRG.
Weighing Gauges

	Manufacturer
	Instrument Model
	Measurement
Technology
	Collecting Area (cm2)
	Capacity
(mm)
	Heating

	OTT Hydrometry of Kempton, Germany
	AWPAG/Pluvio
	Strain gauge
	200
	1000
And 250
	Rim and internal heating

	Meteoservis v.o.s.
	MRW500
	Tensiometric sensor
	500
	1000
	Rim heating

	Geonor
	T200B
	Vibrating wire load sensor
	200
	600
	No rim heating

	Belfort
	Fisher and Porter
	Strain gauge
	324
	600
	No rim heating

	MPS-System
	TRW 503
	Strain gauge 
	500
	240
	Rim heating

	Vaisala
	VRG101
	Single point load cell
	400
	650
	Rim heating

	Electronic Weather Systma and Hungarian Met Service (prototype)
	PG200
	Single point load cell
	200
	
	

	Eigeibrodt
	ANS 410
	Pressure measurement
	200
	
	Heated


Table 2 – Manufacturers and specification of the weighing gauges.
	Optical Sensor - Manufacturers and Some Instrument Specifications

	Manufacturer
	Instrument Model
	Measurement
Technology
	Sample Area or volume 

	Vaisala
	PWD12, PWD22, FD12P
	Optical forward sensor, scattering, capacitive rain sensor and temperature sensor
	100 cm3

	Thies Clima
	Laser Precipitation Monitor / Disdrometer
	Extinction measurement
	46 cm2


Table 3 – Manufacturers and specifications of the optical sensors.
	Manufacturer
	Instrument Model
	Measurement
Technology
	Collecting Area (cm2)
	Capacity
(mm)
	Heating

	Royal Netherlands Meteorological Institute (KNMI)
	KNMI electrical digital rain gauge
	Floater measures the increases of the amount of water
	400
	
	Rim heating


Table 4 – Manufacturer and specification of level gauge.
APPENDIX E: Manufacturers And Specifications Of Sensors Monitoring Precipitation Types

	Manufacturer
	Instrument Model
	Measurement
Technology
	Sample Area or volume 
	Precipitation Type Identified

	Vaisala
	PWD12 
	Optical forward sensor, scattering, capacitive rain sensor and temperature sensor
	100 cm3
	(Unknown type) Precipitation, Drizzle, Rain, Snow, Sleet

	Vaisala
	PWD22
	Optical forward sensor, scattering, capacitive rain sensor and temperature sensor
	100 cm3 
	(Unknown type) Precipitation, Drizzle, Rain, Snow, Sleet, Freezing Drizzle, Freezing Rain

	Vaisala
	FD12P
	Optical forward sensor, scattering, capacitive rain sensor and temperature sensor
	100 cm3
	(Unknown type) Precipitation, Drizzle, Rain, Snow, Ice pellets, Sleet, Hail, Ice crystals, Snow grains, Snow Pellets, Freezing drizzle, Freezing rain

	Thies Clima
	Laser Precipitation Monitor / Disdrometer
	Extinction measurement
	46 cm2
	Drizzle, Rain, Hail, Snow, Snow grains, Graupel (small hail.snow pellets), Ice pellets

	Qualimetrics/
AWI
	POSS (Precipitation Occurrence Sensor System)
	10 GHz Doppler by-static Radar
	Of the order of a cubic meter depending on particle size
	Drizzle, Rain, Snow, Hail, (Unidentified) Precipitation

	Optical Scientific
	Light Emitting Diode Weather Identifier (LEDWI)
	Light beam interference scintillation pattern
	
	Rain, Snow (Light unknown precipitation)

	Lufft
	R2S
	24 GHz-Doppler radar
	
	Drizzle, Rain, Snow, Hail

	OTT
	Parsivel
	Laser disdrometer, extinction measurement
	54 cm2
	Drizzle, Rain, Hail, Snow, Snow grains, Graupel (small hail.snow pellets), Ice pellets

	Vaisala
	WXT510 Weather Transmitter
	Impact disdrometer (Raincap, piezoelectric sensor)
	60 cm2
	Rain, Hail, Snow?

	PVK ATTEK (Russian Fed.)
	LCR “DROP”
	Microwave radar disdrometer 10,5GHz
	?
	?


Table 5 – Manufacturers and specifications of present weather sensors.
APPENDIX F: Manufacturers And Some Specifications Of Sensors For Snow Depth On The Ground And Snowfall Amount

	Manufacturer
	Instrument Model
	Measurement
Technology
	Frequency

	Sommer
	USH-8
	Ultrasonic sensor
	50 kHz

	Campbell
	SR-50, SR-50A
	Ultrasonic sensor
	50 kHz

	Ogasawara Keiki Seisakusho Co. Ltd. Japan
	JMA-95-1
	Ultrasonic sensor
	

	Kaijo Sonic Corporation, Japan
	JMA-89, JMA-93,JMA-04-1
	Ultrasonic sensor
	

	Yokogawa Denshikiki Co., Ltd., Japan
	JMA-95-2
	Class 2 visible laser
	

	Koshin Denki Kogyo Co. Ltd., Japan
	JMA-04-2
	Class 2 visible laser
	

	MPS System
	SwS-3 Snow Depth Sensor
	
	

	Vegason
	Vegason 61
	Ultrasonic sensor 
	

	Mircrostep
	SD9
	Ultrasonic sensor
	

	Vaisala
	FD12P
	Forward scattering, and rain and temperature sensor
	

	Boschung
	SHM100
	Photo diode
	


Table 6 – Manufacturers and specifications of snow depth sensors.
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