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1 Introduction 

Precipitation types common to transitional winter events, such as freezing rain and sleet, typically result from 
thermodynamic and microphysical processes that occur in very shallow layers above the surface.  Because of this, it is not 
uncommon for the lowest elevation scan from the radar to overshoot transitional winter weather precipitation types at ranges 
as close as even a few tens of km from the radar.  The problem, therefore, is not always one of correctly identifying the 
precipitation type in the radar beam, but rather that of being able to diagnose what is reaching the surface below it, a problem 
that is compounded at even more distant ranges where the precipitation type sampled by the radar is even less representative 
of what is reaching the surface.  We have therefore adopted a classification approach where thermodynamic output from 
numerical models is used to create a “background classification” that is then later modified, when warranted, by radar 
observations.   

In this paper, we describe recent modifications to a new, surface-based polarimetric Hydrometeor Classification 
Algorithm (HCA) that uses thermodynamic output from the High Resolution Rapid Refresh (HRRR) model.  An earlier 
version of this HCA has been discussed by Schuur et al. (2012) and Schuur et al. (2013).  Recent modifications include 
efforts to take what was initially designed to strictly be a surface-based winter weather HCA and modifying it to be an “all-
season” precipitation classification algorithm. 

2 Background Classification 

As noted, because the dominant precipitation type observed at the surface in winter storms often results from 
thermodynamic and precipitation processes that occur well below the radar’s beam, an accurate background classification of 
precipitation type is a fundamental component in the development of our algorithm.  Schuur et al. (2012) reported on initial 
work to develop a background classification for this work.  Using Tw profiles from the 13 km Rapid Refresh model, they 
devised a scheme whereby the number of Tw layers found in the vertical profile above each surface location were used to 
decide whether the “background” precipitation type in transitional winter weather events was rain, snow, freezing rain, ice 
pellets, or a freezing rain/ice pellets mix.  The scheme did not consider the depth of each layer.  Reeves et al. (2014) have 
since conducted a much more thorough investigation in which the model-based background classification scheme of Schuur 
et al. (2012) was compared to the results of other model-based classification techniques, including those of Ramer (1993), 
Baldwin et al. (1994), and Bourgouin (2000).  More recently, work at NSSL has also explored the potential of creating a 
background classification using a simple one-dimensional model with spectral (bin) microphysics that explicitly treats the 
processes of melting / refreezing by taking the initial size distribution and density of dry snowflakes into account.  It 
describes the evolution of mass water fraction and density of hydrometeors as they fall to the ground separately in 80 size 
bins.  Ultimately, testing and a comparison of all background classification scheme results to surface observations from the 
Meteorological Phenomena Identification Near the Ground (mPING, Elmore et al. 2014) project will be used to identify the 
optimal background classification for our new surface-based HCA. 

3 Algorithm Description 

Figure 1 presents a schematic that summarizes the classification procedures of the new HCA.  The first step of the process 
is to run the fuzzy-logic-based classification that is currently deployed on the WSR-88D network (Park et al. 2009).  The 
algorithm then allows fuzzy-logic-based classifications from the lowest elevation sweep to be projected to the surface as 
snow or ice crystals for cold season events where the entire atmospheric column above a location has T < -5ºC and as rain, 
big drops, or hail for warm season events where the surface temperature at a location has a T > 5ºC.   For intermediate 
conditions typical of transitional winter weather events, the algorithm uses vertical profiles of model wet bulb temperature 
profiles to provide a background precipitation classification type.  Polarimetric radar observations are then used to either 
confirm or reject the background classification.  For example, if a radar bright band (suggesting an elevated warm layer) is 
observed immediately above a background classification of dry snow (suggesting the absence of an elevated warm layer in 
the model output), the background classification is found to be inconsistent with observations and is modified according to a 
set of empirical rules.  The polarimetric radar data are also used to provide further refinement of precipitation type categories 
when the observations are found to be consistent with the background classification. 

Recent modifications to a new surface-based polarimetric 
Hydrometeor Classification Algorithm for the WSR-88D network  
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