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Abstract 

Precipitation is one of the most important atmospheric variables for ecosystems, hydrologic 

systems, climate, and weather forecasting.  Despite its importance, accurate measurement remains 

challenging, and the lack of recent and complete inter-comparisons leads researchers to discount the 

importance and severity of measurement errors. These errors are exacerbated for the automated 

measurement of solid precipitation and underestimates of 20-50% are common. While solid 

precipitation measurements have been the subject of many studies, there have been only a limited 

number of coordinated assessments on the accuracy, reliability, and repeatability of automatic 

precipitation measurements. The most recent comprehensive study, the “WMO Solid Precipitation 

Measurement Intercomparison” concluded in 1998 and focused on manual techniques of solid 

precipitation measurement.  Precipitation gauge technology has changed considerably in the last 12 

years and the focus has shifted to automated techniques. 

This testbed is a joint collaboration between NOAA, NCAR, NWS, and FAA to assess 

various solid precipitation measurement techniques.   The experiment is being conducted at the 

NCAR Marshall Field research site. This site is being used to test new gauges and other solid 

precipitation measurement techniques in comparison to reference measurements from gauges with 

large wind-shields. This paper will highlight efforts to understand the relative accuracies of 

different instrumentation, gauges and wind-shield configurations to measure snowfall. Precipitation 

measurement devices currently being tested at Marshall Field will be discussed including: wind 

shields, weighing precipitation gauges, tipping bucket precipitation gauges, and hotplate 

precipitation gauges. This assessment is critical for any ongoing studies and applications that rely 

on accurate and consistent precipitation measurements. 

1. Introduction 

a. Motivation: Aviation and Climate needs 
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Precipitation is one of the most important atmospheric variables for ecosystems, hydrologic 

systems, climate, and weather forecasting.  Despite its importance, accurate measurement remains 

challenging, and the lack of recent and complete inter-comparisons leads researchers to discount the 

importance and severity of measurement errors. These errors are exacerbated for the automated 

measurement of solid precipitation and underestimates of 20-50% are common.  

Although we have spent centuries attempting to measure precipitation, the measurements 

are still not done well. Accuracy can be difficult to obtain, or even define, for precipitation 

measurements, but is extremely important for understanding climate variability and change. The 

importance of reducing measurement error, particularly in the face of general circulation model 

projections indicating a 5% increase in precipitation over land over the next 100 years. The 

magnitude of this change is small and will require extremely accurate long-term measurements for 

verification. Obtaining climate quality precipitation data require overlap with existing 

measurements and a continuing need for intercomparisons and tests of various gauge-wind shield 

configurations.  

The problem of undercatch in precipitation gauges (Groisman and Legates 1994), resulting 

from wind-induced turbulence at the gauge orifice and wetting losses on the internal walls of the 

gauge, can seriously affect the utility of precipitation data for climate change studies.  Accurate 

snowfall measurement can be particularly problematic (McKee et al., 1995 and 1996).  

While solid precipitation measurements have been the subject of many studies, there have 

been only a limited number of coordinated assessments on the accuracy, reliability, and 

repeatability of automatic precipitation measurements. The most recent comprehensive study, the 

“WMO Solid Precipitation Measurement Intercomparison” concluded in 1998 and focused on 

manual techniques of solid precipitation measurement.  Precipitation gauge technology has changed 

considerably in the last 12 years and the focus has shifted to automated techniques.  

This paper presents a winter precipitation testbed established in 1991 designed to evaluate 

solid precipitation measurements using a variety of automated approaches.  The establishment of 

this site was motivated by the need for real-time measurement of snowfall rate in support of aircraft 

ground deicing operations. Early studies at the site helped establish that the currently used 

technique to measure snow intensity via visibility is a poor estimate of the liquid equivalent 

snowfall rate (Rasmussen et al. 1999).  An analysis of previous ground deicing accidents suggested 

that snowfall intensity was under-estimated during a number of these accidents in terms of liquid 

equivalent rate (Rasmussen et al. 2000).  This realization has sparked FAA sponsored work 

regarding the development of a liquid equivalent system that can be used by airlines in support of 

ground deicing.   A variety of gauges were tested at the site in support of this effort, including the 

development of a new precipitation sensor called the “hotplate”.   

At the same time, it was also recognized that the accurate surface measurement of 

precipitation, including solid precipitation, is an important need for documenting changes in the 

future and past climate.  The NOAA Climate Reference Network program built upon the testbed 

infrastructure established in the 90‟s to deploy and test a variety of current and new gauges to serve 

in a reference network established with the goal of measuring national trends in precipitation. This 

study concentrated on testing six different shield designs designed to determine which of 6 different 
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wind shield designs would produce the most accurate measure of the water content of winter (solid) 

precipitation using an automated snow gauge for long term climate measurements, 

 

2. Background  

a. Challenges in measuring snow (snowfall and snow depth) 

Precipitation seems like a straight forward phenomenon to measure:  precipitation falls into 

a collector and the observer, in either an automated or manual way, measures the depth, volume or 

weight of what is in the collector.  For rainfall, this measurement is almost this easy, if we ignore 

relatively small errors associated with wetting loss and evaporation.  Measuring snowfall and snow 

depth is much more challenging.  The environment has a far greater impact on the accuracy of a 

snow measurement than on a rainfall measurement.  For example, the accuracy of the gauge 

measurement of snowfall is influenced much more by the presence of wind than the accuracy of the 

gauge measurement of rainfall.  Lighter and slower falling snow hydrometeors are much more 

prone to deflection by wind induced turbulence around the gauge making gauge measurement of 

snowfall prone to large relative systematic errors.  The measurement environment also presents 

unique challenges for the observation of snow depth due to redistribution and metamorphosis, 

which in turn results in high spatial and temporal variability.  The measurement of snow depth 

presents a further challenge if the measurement objective is ultimately snow water equivalent 

(SWE) since the density of new snow is also very dependent on the environment in which it is 

formed and deposited.  Increased demand for automation often exacerbates these challenges. 

Total solid precipitation, snowfall and snow depth are related but are different phenomenon 

measured with different methodology.  Total solid precipitation, or SWE, is a measurement of the 

liquid water content of falling snow hydrometeors before they reach the surface.  Snowfall is 

defined as the total accumulation of new snow on the ground since the last observation.  Snow 

depth is a measurement of the total depth of snow on the ground at the time of measurement.  Total 

precipitation is conventionally measured with a precipitation gauge (manual or automated) by 

weight or by volume.  Snowfall or snow depth can be measured using a snow board (new snow) 

and/or snow ruler or automated using a ranging device (either new snow depth or snow pack depth).  

If the snow density is known or estimated, SWE can be converted to snow depth and vice versa.    

Total Precipitation (SWE) and Snowfall  

Total solid precipitation (SWE) is conventionally measured using precipitation gauges 

installed above the surface of the ground.  Some types of precipitation gauge are used to measure all 

precipitation types (liquid and solid) with some specific design features required for measuring 

snow.  Volumetric or non-weighing precipitation gauges catch falling snow in a collector which is 

then removed, the snow melted, and poured into a graduated cylinder for measurement. Volumetric 

snowfall measurements need to be corrected for a wetting loss error which typically ranges from 

0.10 to 0.15 mm per observation but could be as high as 0.3 mm per observation (Goodison et al. 

1998).  Metcalf and Goodison (1993) reported that wetting loss for snowfall measurements at some 

Canadian sites could be as high as 20% of the total winter precipitation.  They can also suffer from 
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evaporation or sublimation losses, especially when temperatures during snowfall are relatively high, 

which are usually difficult to estimate.  

Weighing precipitation gauges collect falling snow which is usually melted in the collector‟s 

bucket via an antifreeze solution before it is measured by weight differential.  Weighing or 

accumulating gauges are usually automated.  A film of oil on the surface of the bucket contents 

prevents evaporation of the precipitation before the differential bucket weight can be measured.  

Melting of the snow also prevents the snow from blowing back out of the bucket before it can be 

weighed.  A frozen bucket will eventually fill with snow, plug the orifice, and prevent further 

collection and measurement.  Weighing gauges are not subjected to a wetting loss error like the 

volumetric gauges and evaporation errors are minimized by using oil in the collector and by higher 

frequency observations (less time for evaporation to occur).  Weighing gauges, like volumetric 

gauges, can still be prone to snow capping if the orifice diameter is not sufficiently large (generally 

when snowfall is heavy and wet during light wind).  “Capping and dumping ” occurs when the 

gauge orifice is plugged with accumulating snow that subsequently falls into the gauge bucket.  

Although manual volumetric gauges also suffer from this, the observer can usually confirm or 

correct the occurrence.  These events are more difficult to confirm or correct with an unmanned 

automated weighing precipitation gauge.  The design of the weighing mechanisms for automated 

precipitation gauges are numerous and include spring mechanisms and chart recorders, 

potentiometers, load cells, optical shaft encoders, and strain sensors. Efforts to eliminate the 

capping problem include heating the orifice to just above freezing in order to melt any snow 

accumulating on the gauge itself (Rasmussen et al. 2001).  

Heated tipping bucket gauges, which are currently in use by many WMO member countries, 

have also been used to measure SWE. These devices, however, have not performed as well 

compared to weighing precipitation gauges. Metcalfe and Goodison (1992) reported that errors of 

150-200% could occur because of the deformation of the wind field above the gauge orifice, 

evaporation due to heating of the snow in the funnel and/or snow which is not melted in time and 

removed from the gauge orifice by the wind, and clogging of the tipping mechanism.  In addition, 

Larson (1993) has shown that heating tipping buckets catch 28% less precipitation than the standard 

Universal U.S. National Weather Service weighing gauge.  

There are many challenges for the gauge measurement of solid precipitation regardless of 

gauge type or mechanism of measurement.  The most significant challenge is the gauge 

measurement of snowfall in a windy environment.  Nearly all precipitation gauges experience a 

reduction in the catch efficiency of snowfall with increasing wind speed.  A precipitation gauge, 

installed above the surface of the ground, presents a barrier to air flowing around it causing a 

deformation of the wind field above the gauge orifice (Sevruk and Klemm 1989).  As air flows 

around, and over, a precipitation gauge, falling snow hydrometeors are deflected and do not enter 

the gauge to be measured.  The degree of deflection, which increases with wind speed, is dependent 

on the profile of the gauge (Sevruk et al, 1991) and the type of wind shield (if any) employed 

around the gauge (Goodison et al, 1998).  Wind bias in the gauge measurement of a snowfall event 

can vary substantially depending on the wind speed, temperature, precipitation characteristics, and 

gauge configuration but can be as high as 100% (Goodison and Yang 1995).  The wind bias can be 
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reduced by the choice of wind shield and with shield type ranging  from a large octagonal double 

fence (as used with the DFIR; Golubev 1989; Yang et al/ 1993) to a single-Alter wind shield (Alter, 

1937).  Generally, the more extensive double structures are more effective at reducing the wind bias 

but the trade-off is the increased size (footprint) of the structure as well as increased installation and 

maintenance costs. 

Wind bias adjustments for the gauge measurement of snowfall in windy environments are a 

necessity.  Smith (2009) has reported wind losses for a single-Alter shielded Geonor precipitation 

gauge , as compared to the DFIR, of up to 64% at wind speeds (measured at gauge height) of 5 m/s.  

A bias adjustment not only requires a good Catch Efficiency – Wind Speed relationship, but also 

requires wind speed to be measured at gauge height as well as the precipitation type.  Precipitation 

type is important since the influence of wind is much more pronounced for solid precipitation than 

for liquid or mixed precipitation and therefore affects the degree of adjustment.  Although manual 

gauge data is usually accompanied by a human observed precipitation type, this information may 

not be readily available for an automated site.     

Another challenge for the measurement of snowfall is blowing snow.  Although wind generally decreases the 

snowfall catch efficiency of precipitation gauges, the catch of some gauges is actually increased during 

blowing snow events (i.e. the Canadian Nipher; Goodison 1978).  One of the disadvantages of effective wind 

shielding is the reduction of wind speed around the precipitation gauge that can create a deposition of 

entrained blowing snow that would not normally be measured as precipitation.  Also, severe blowing snow 

events have the potential to completely obscure a precipitation gauge which could unknowingly influence 

data quality at remote sites for many days.  

 

Use of the DFIR as the standard wind shield 

The Double Fence Intercomparison Reference (DFIR) is currently the World Meteorological 

Organization (WMO) designated reference for the gauge measurement of solid precipitation.  This 

designation was based on the recommendations of the organizing committee of the WMO Solid 

Precipitation Intercomparison (Goodison et al., 1998) that was initiated in 1985. 

The DFIR consists of a large octagonal vertical double wind fence paired with a manually 

observed Tretyakov precipitation gauge.  The diameters of the outer and inner fences of the DFIR 

are 12 m and 4 m respectively installed at a height of 3.5 m and 3 m respectively (see Figures 1 and 

2).  The top of the Tretyakov gauge in the center of the fence is level with the top of the inner fence.  

Wooden slats on both fences are spaced such that the porosity of the fence is 50%.  This results in 

adequate shelter for the gauge in the centre from the wind but yet does not completely impede air 

flow.  In all but the most extreme environments, drifting and blowing snow can move under the 

structure relatively unimpeded. 

The DFIR configuration was extensively compared to a bush-sheltered Tretyakov gauge, 

considered to be a true representation of snowfall, at the hydrological research station near Valdai, 

Russia, from 1970 through 1990.  Although the large octagonal double fence was shown to catch 

less snowfall than the bush gauge, the differences were relatively small (< 10%) and could be 

corrected with the use of wind speed, pressure, temperature and humidity measurements (Golubev, 

1989).  This correction was later re-assessed for various precipitation types (wet and dry snow, rain, 

and mixed) and simplified to use only wind speed (Yang et al., 1993).  Although the bush gauge 

generally caught more snowfall than the DFIR, the WMO recognized that a man-made wooden 
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structure would be more practical as a reference in a variety of climactic regimes than a natural 

“bush” shield (Goodison et al., 1988).  The Tretyakov gauge paired with the double fence has been 

the working standard for the manual measurement of precipitation in much of the former USSR 

since the late 1950‟s and its performance has been well documented in a wide variety of conditions 

(Goodison et al., 1998; Yang et al., 1995) 

Observations of the DFIR are typically made once or twice daily.  Melted snowfall or rain is 

poured into a graduated cylinder to volumetrically measure precipitation amount.  This procedure 

results in a wetting loss error for each observation and this error needs to be added to the 

measurement.  Wetting loss amounts have been reported to be as high as 0.3 mm per observation 

(Goodison et al., 1998) and should be experimentally determined, or measured directly by weighing 

the “wet” collector during the observation.  It was also suggested by Goodison et al. (1998) that 

wetting loss can vary substantially with the age and condition of the collector and should be re-

evaluated every 3 years.  Wetting loss errors accumulate with the number of daily DFIR 

observations but are usually relatively small when observations are daily or twice daily.  The other 

systematic loss associated with the DFIR is due to evaporation that can occur before the manual 

observation is made.  This is a much harder error to correct and is generally ignored.  During 

summer, evaporation from the DFIR collector can be reduced by using a funnel that fits into the 

collector.  This funnel needs to be removed to measure solid precipitation.  Although evaporation is 

reduced during periods of solid precipitation, it can still be significant during early or late winter 

when temperatures are higher. 

There are several advantages and disadvantages to using the DFIR as a reference for the 

measurement of solid precipitation.  The greatest advantage of this configuration is the high catch 

efficiency of snowfall at moderate to high wind speeds.  From Yang et al. (1993), the DFIR catch 

efficiency for dry snow remains greater than 90% at wind speeds (measured at gauge height) of 5 

m/s.  At 8 m/s, the CE is still greater than 85%.  Some of the disadvantages of this configuration 

include its large footprint and high cost of installation and maintenance.  Also, because the fence is 

so effective at reducing wind bias on the Tretyakov gauge inside, it can also be effective at 

collecting blowing snow and falsely increasing CE during blowing snow events.  Caution is 

required when using the DFIR as a reference during high wind speed events due to the increased 

probability of catching blowing snow.  Finally, because the DFIR is a manually observed gauge 

configuration and is typically only measured once or twice daily, its utility as a reference for 

automated gauges is somewhat limited since automated gauges are capable of measuring 

precipitation at much higher frequencies.        
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Figure 1  Schematic of the Double Fence Intercomparison Reference (Goodison et al., 1998) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2  The DFIR at Bratt‟s Lake, Saskatchewan, Canada (as an example) 
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3. NOAA/FAA/NCAR Site Description 

 

The Marshall field site is located 5 miles south of Boulder Colorado at a NCAR owned field site 

used over the years to test and evaluate new and current instrumentation related mostly to 

atmospheric science.  Snowgauge testing started in 1991 at the request of the FAA to develop 

nowcasting methodologies for aircraft deicing. The site is flat and level, and its vegetation consists 

of low grasses less than 0.25 meter high.  An aerial view of the site is shown in figure 3.  

 

 
 

Figure 3  Aerial view of the Marshall Field site.  The three large shields with two concentric fences 

in the foreground are full size Double Fence Intercomparison Reference (DFIR) shields, and the 

two small shields with two concentric fences 2/3 size DFIR shields.  At the center of each DFIR is 

located a Tretykov shield with a GEONOR snowgauge. Smaller single and double Alter shields are 

located at various locations at the site.  Vegetation is less than 0.25 m tall.  

 

 

 An example of the various instruments and wind shields are given below. Figures 4 and 5 

provide examples of single Alter or Tretykov type shields.  Figure 6 presents a double Alter type 

shield developed during the early 90‟s at the Marshall site (Rasmussen et al. 2001), and figure 7 an 

example of the a Double Fence Intercomparison Reference (DFIR) shield at the site.  Figure 8 

shows a series of hotplate precipitation gauges Rasmussen et al. 2010), which were extensively 

tested at this site, and figure 9 a Rosemount freezing rain sensor (currently sold by Campbell 

Scientific).  This sensor provides useful information on freezing precipitation.  
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Figure 4   Single Alter (lower left) and Tretykov shielded gauges.  

 

 

 
Figure 5 OTT snowgauge with standard shield.  
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Figure 6  Double Alter shield with GEONOR gauge in the center at the Marshall site.  

 

 
Figure 7. Double Fence Intercomparison Reference (DFIR) shield with GEONOR in an Alter shield 

in the center at the Marshall test site.  
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Figure 8  Multiple hotplate precipitation gauges.  Single Alter snowgauges shown in the 

background on the left  and DFIR sheild in the background on the right.  

 

 

 
Figure 9  Rosemount Freezing rain sensor 

 

 

4. Snowgauge Evaluation Studies 

 

a. Specific gauges tested  



12 

 

A list of the type of wind shield and gauge types tested at the site are given in Table 1.  Note 

that a DFIR shield has been present at the site since 1994, provided an long term truth dataset for 

gauge inter-comparison.  The GEONOR gauges all had heaters to prevent snow from accumulating 

on the walls (heating only to +2 C).   Most of the GEONORs had three vibrating wires, which is 

two more than the normal configuration with only one wire.  The AEPG 600 (Belfort Instrument, 

MD, USA) was another three-wire weighing gauge tested, and it included heaters supplied from the 

manufacturer that were controlled by onboard electronics. The National Weather Service standard 

OTT Pluvio gauge (OTT Messtechnik, Germany) was also used, which is a load cell type weighing 

gauge. TB3 tipping-bucket type gauges (Hydrological Services PTY LTD, Australia) included a 

low power heater (Model TB323LP) activated by near-freezing air temperature (between +4˚C and 

-10˚C)  and the detected presence of snow in the gauge inlet. Hotplate precipitation gauges do not 

require a shield and measures the latent heat of evaporation and melting instead of weight as the 

other gauges.  . Multiple installations of identical gauge/shield systems allowed quantification of the 

accuracy and variability of the precipitation measurements. All gauges were operated continuously, 

with data recorded every 60 sec. 
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Qty. Shield Type Gauge  Manufacturur Gauge Model Years in Operation 

CRN     

1 Double Alter GEONOR T-200B-M 2008 – present 

2 Double Alter GEONOR T-200B 2008 - present, 2008 – 2009 

1 Belfort Double Alter GEONOR T-200B 2009 – present 

1 Belfort Double Alter Belfort AEPG 600 2009 – present 

1 Single Alter GEONOR T-200B 2008 – present 

2 SDFIR GEONOR T-200B 2008 - present, 2008 – 2009 

1 Double Alter Belfort AEPG 600 2008 – present 

1 SDFIR Belfort AEPG 600 2009 – present 

3 Double Alter  Heated TB3 2008 – present 

2 SDFIR  Heated TB3 2008 – present 

     

NWS     

1 DFIR OTT Pluvio 2009 – present 

1 Double Alter OTT Pluvio 2009 – present 

1 Single Alter OTT Pluvio 2009 – present 

     

NCAR     

2 DFIR GEONOR T-200B 1994 – present 

1 16 in Single Alter GEONOR T-200B 1997 – present 

1 18 in Single Alter GEONOR T-200B 2004 – present 

1 6 ft Double Alter GEONOR T-200B 1997 – present 

1 8 ft Double Alter GEONOR T-200B 2008 – present 

  Yankee Hotplates 1997 – present 

     

     

Table 1 - Description of the number, type of wind shield, manufacturer, precipitation gauge model, 

and dates of operation of the precipitation gauges in operation at the test bed. 

 

The primary ancillary measurements included sonic temperature and three-dimensional 

wind speeds (Model 81000, R. M. Young, MI, USA) measured at a height of 7.38 m and recorded 

continuously at 10 Hz. Wind speed was also measured at a height of 1.5 m using a three cup 

anemometer (Model 014A, Met One, OR, USA) and wind speed and wind direction was measured 

at a height of 9.2 m using a propeller anemometer (Model 05103, R.M. Young, MI, USA). Air 

temperature was measured at a height of 1.5 m using six aspirated platinum resistance thermometers 

(Thermometrics, CA, USA). 
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b. Example of the performance of a double Alter shielded gauge as compared to  DFIR 

shielded gauge measurements 

 

Figure 10 shows the typical drop off in gauge collection efficiency as a function of 

wind speed in the case of double Alter shielded gauge (Fig. 6).  In this case the standard 

measurement is an average of a 2/3 DFIR shield and full DFIR shield.  Note that the 

collection efficiency drops off linear linearly from a value of 1.0 at 0 m/s to a value of 0.25 

at 6 m/s.  After 6 m/s the collection efficiency tends to level out around 0.25.  Also not that 

there is significant scatter in the measurements for a given wind speed.  This is typically 

observed for all shield types and is likely due to the wide variety of snow crystal types and 

degrees of riming and aggregation, as well as turbulence.  Understanding and reducing this 

scatter is an active area of research.   Recent efforts have focused on the use of sonic 

anemometers to understand the airflow and turbulence around the gauges and examining the 

collection efficiency as a function of crystal type.   

 

 

 

Figure 10. Hourly catch ratios of solid precipitation vs. 1.5 m height wind speeds. Double 

Alter shielded Geonor measurements are normalized by the standard hourly precipitation, 

which is the average of one SDFIR and one DFIR shielded Geonor measurement. 

 

c. Studies of Airflow around the Shields 

 

1. Field Studies of the Airflow around the shields using sonic data  

 

In order to understand the bevavior of the collection efficiency curves as given in Figure 10, 

wind field studies have been conducted using sonic anemometers by Meyers and Landolt.  .  The 
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vertical velocity regime as well as the reduction of the mean horizontal wind velocity at the gauge 

relative to that measured in nearby undisturbed flow conditions showed a ranking that was 

consistent with the catch ratio results of Goodison et al (1997).  For example, the gauge/shield 

configurations that resulted in the largest reduction in the horizontal wind speed at the gauge inlet, 

were also the gauge/shield configurations with the best “catch” ratios.  The results of the sonic 

study, which suggest that relative wind reduction at the gauge can be used as a surrogate for catch 

ratio, was put to the test by examining a modified double Alter which had a 25% porosity compared 

to the standard 50% porosity.  Wind speed reduction for the lower porosity double alter was 

significantly less than that for the standard configuration.  Catch ratio results from the low porosity 

double Alter confirm improvements in catch relative to the double Alter and nearly equal to that 

observed by the SDFIR. 

Figure 11 provides a schematic of the airflow around a single Alter (panel a), double Alter 

(panel b), and DFIR (pane c) shield gauge based on the sonic measurements.  Not that the airspeed 

is slowed down just above the top of the shield in all three cases. 

 

Figure 11  Airflow past a)an Alter shielded gauge, b) double Alter shield, and c) DFIR 

shield.  

 

 

 

 

2. Laboratory and Modeling Studies of the airflow around shields 

 

Wind tunnels tests show that the airflow is significantly deflected upward at the 

airstream approaches an un-shield gauge orifice (Fig. 12).  The various shields discussed in 

the previous section of the paper are designed to reduce this deflection and cause the airflow 

to flow more horizontally over the orifice as it would over the ground.   
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Figure 12  Airflow mapping of airflow around a gauge orifice 

 

Figure 13 provides an example of a computer model of snowflake trajectories past an 

un-shielded gauge for an oncoming flow of 5 m/s and snowflake fall speed of 1 m/s.  The 

three various dashed lines are the snowflake trajectory, and it can be seen that only the 

snowflake that starts level with the gauge orifice upstream actually falls into the gauge due 

to the upward deflection of the flow by the gauge.  If the airflow were more horizontal, as in 

the case of a shielded gauge, more of the snowflakes above the gauge orifice would have 

fallen into the gauge.    
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Figure 13  Airflow and trajectories past a typical snowgauge.  Oncoming airflow is 5 m/s 

and fall speed of simulated snowflake is 1 m/s.  Airflow is generated using the FLUENT 

airflow code.  

 

 

 

5. Snow and visibility studies 

In addition to gauge studies, NCAR has been actively evaluating the use of visibility to 

estimate snowfall intensity (Rasmussen et al. 1999).  This is important because the standard U.S. 

and WMO practice for snow intensity is based on visibility This method can misrepresent the actual 

precipitation rate because it does not measure the amount of water present in the precipitation. 

Since aircraft de/anti-icing fluids fail based on the amount of water they absorb, reporting 

intensities based on visibility can pose a serious threat to aviation.  A study was undertaken at the 

National Center for Atmospheric Research (NCAR) Marshall Field Site to compare the ASOS 

algorithm for precipitation intensity (visibility-based) to actual liquid water equivalent (LWE) rates. 

Comparisons were conducted between ten-minute averages of visibility and ten-minute 

averages of LWE snowfall rates from multiple types of instrumentation deployed during the 2007-

2008 winter season.  Table 2 displays the thresholds for light, moderate, and heavy snow intensities 

as determined by visibility and LWE precipitation rate.  Manual snow pan measurements were 

taken at Marshall in accordance with the SAE International guidelines for conducting holdover time 

testing and rates were calculated based on the ten-minute accumulations. Automated snowfall rates 

were calculated from a GEONOR weighing gauge in a Double Fenced Intercomparison Reference 

(DFIR) shield. Automated visibility measurements were collected from a co-located Vaisala Present 

Weather Detector (PWD-22).  

 

Intensity Visibility Criteria LWE Criteria 

Light Visibility > 0.805 km 1.0 mm/hr > Precip Rate > 0.4 mm/hr 

 

Moderate 

 

0.805 km > Visibility > 0.402 km 2.5 mm/hr > Precip Rate > 1.0 mm/hr  

Heavy Visibility < 0.402 Precip Rate > 2.5 mm/hr 

Table 2 - Snow intensities based on visibility from the FMH-1 (2005) and snow intensities as 

determined by an LWE precipitation gauge. 
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Pan measurements were taken with one pan placed parallel to the surface and a second plan 

angled at 10 degrees from horizontal to simulate an airplane wing. Both were oriented into the wind 

at the beginning of each ten-minute interval. Figure 14 shows a scatter plot of the snow intensities 

based on visibility from the PWD22 versus the snow intensities from a snow pan tilted at 10 

degrees. The intensity thresholds for visibility are shown as black vertical lines, from heavy to light 

in the increasing x-direction, and as black horizontal lines for LWE rates, from light to heavy in the 

increasing y-direction. As shown in Figure 14, a large number of the measurements are categorized 

as light intensity from the visibility sensor, while the snow pan data shows the LWE rates range 

from light to moderate.  The LWE measurements of moderate rates during periods of visibility-

based light rates are a hazard to aviation due to the underestimate of liquid water present in the 

falling precipitation.  

Table 2 shows the statistics that correspond to the data points in Figure 14. Visibility 

intensities are represented horizontally, and the LWE intensities are shown vertically, where H is 

heavy, M is moderate, and L is light.  The cells are color coded with pink indicating the visibility 

intensities that underestimate the LWE intensities, green where the visibility and LWE intensities 

agree, and yellow where visibility overestimated the intensity. The pink cells are of most concern 

for aviation safety.  In this comparison, 38% of the data points fall into the hazardous conditions. 

 

 

Figure 14 - Scatter plot of visibility from the PWD vs. the rate from the 10° snow pan. 
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10deg SNOW PAN vs. FHM1 PWD    

# # FHM1 PWD Vis Based Intensity  

# # H M L TOTAL 

10deg SNOW PAN H 0.69% 3.78% 0.69% 5.15% 

Based M 0.69% 3.78% 33.68% 38.14% 

Intensity L 2.06% 0.00% 54.64% 56.70% 

TOTAL  3.44% 7.56% 89.00% 100.00% 

TOTAL COUNT: 291     

Table 3 - Statics from PWD visibility vs. 10-degree snow pan rate intensities, calculated as a 

percent of data points that fall into each category. 

 

Similar evaluations of the LWE precipitation rates from the snow pan parallel to the surface 

as well as a GEONOR in a DFIR showed the same results when compared to visibility intensities; 

visibility is not an accurate measure of precipitation rate due to the large amount of scatter in the 

comparison of the data sets.  The percentage of underestimate precipitation intensities based on 

visibility ranges from 38% to 20% for co-located sensor comparisons.  This shows that a significant 

amount of time snowfall intensities are incorrectly reported and inaccurate holdover time 

estimations are used for de-icing operations. All of these comparisons lead to the need for a change 

in the procedure for reporting precipitation intensity from visibility based to LWE rate based 

intensity.  

 

 

 

6. Summary and Discussion 

 

This paper presents  the NOAA/FAA/NCAR  winter precipitation test bed and some 

selected recent results from studies conducted at it.  Further highlights will be presented at the 

conference.   
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