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ôAbstract 
 

The Hydrometeorology Testbed at the Weather Prediction Center (HMT-WPC)         
conducted the 10th Annual Winter Weather Experiment (WWE) from 12 November 2019            
through 13 March 2020. The experiment brought together members of the operational            
forecasting, research, and academic communities to address winter weather forecast          
challenges. The 10th Annual WWE focused on the following science goals: (1) Explore the use               
of ensemble clustering to assess forecast sensitivity on snowfall footprints and identify            
precipitation type (p-type) challenges in the forecast process. (2) Utilize clusters to test and              
evaluate blending of snowfall solutions relative to current operational blending of ensemble            
means and precipitation type fields. (3) Explore downscaling methodologies in the NAM and             
GFS over western United States for the improvement of forecasts for higher terrain snowfall              
and snow liquid ratio (SLR). (4) Explore the utility of Convection Allowing Models (CAMs) in the                
Day 2 and Day 3 time period. 

During forecast sessions, experiment participants collaborated to create a blended          
snowfall forecast using the real-time experimental snowfall guidance for Day 1, Day 2, or Day               
3 utilizing several different precipitation type algorithms and ensemble cluster analysis for            
specific areas within the Continental United States. A total of 19 snowfall forecasts were              
created throughout the entire season, the majority of them for Day 2. These blended snowfall               
forecasts as well as the individual experimental tools were then subjectively evaluated through             
discussions and scoring during verification sessions by experiment participants. Snowfall          
forecasts were objectively evaluated for the entire winter season (November - March) in             
addition to the 19 experiment cases.  
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ôTransition Recommendations 
 

Tabel 1. Transition metrics for selected experiment data sources and techniques 

Major Tests 
Conducted 

Transitioned 
to 

Operations 

Recommended 
Transition  

to Operations 

Recommended 
for Further 

Development 
and Testing 

Rejected 
for  

Further 
Testing 

Funding 
Source 

Predictability 
Ensemble 
clustering  

 x x  
WPC 

Precipitation Type Methods 
WPC Ensemble  

(EPType)  x   WPC 

Change in  
Snow Depth 

 ​(SNDP) 
x  1 x  

2   WPC 

Forecast Blending 
Manual blending 

of snowfall  
  x  WPC 

CAMs Snowfall Guidance 
FV3-SAR   x  EMC 

SSEF Ensemble 
Mean 

  x  CAPS 

Western US Downscaling 

Downscaling 
Technique 

 x  3 x  4  UUtah 

Totals 1 4 5 0  

 
For more detailed recommendations please see the ​Summary and Recommendations Section           
of this report. 

1 SNDP is already operationally available in AWIPS  as part of the model post processing 
2 SNDP recommendation is to add to the WPC PWPF product 
3 Transfer of code to the WPC WWD for the forecast process over the Western US 
4 Continue development of technique, apply to CONUS, and provide comparison to day 2 and 3 CAM simulations 
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ôIntroduction and Background 
 

This year marked a milestone with the successful completion of the 10th annual Winter              
Weather Experiment (WWE) at the Hydrometeorology Testbed in the Weather Prediction           
Center (HMT-WPC). WWE serves the greater winter weather community as an important            
component in the research-to-operations (R2O) process. The experiment provided participants          
with the unique opportunity to interact with members of the operational forecasting, research,             
and academic communities to address winter weather forecast challenges in a           
mock-operational environment.  

Participants in the 10th annual WWE tested and evaluated modeled snowfall solutions            
in real-time. This year there was an emphasis on the forecast process, mainly in the day 2 time                  
frame which included the creation of a participant-generated snowfall forecast blend. As part of              
this blending forecast process, multiple techniques to achieve snowfall solutions were           
highlighted. These included cluster analysis of the global ensemble systems, post-processed           
microphysics techniques, and convective allowing model (CAM) solutions. Details on each of            
the tools used in this year’s experiment can be found in the ​10th Annual WWE science plan​. 

For the third year in a row, the 10th Annual WWE was conducted remotely utilizing the                
web-based distance communication software, GotoMeeting, paired with a teleconference to          
encourage and promote interactivity and engagement with the participants. Remote          
interactions began 12 November 2019 and ran until 13 March 2020. The team also hosted two                
in-house weeks at the National Center for Weather and Climate Prediction (NCWCP) in             
College Park, MD. The first week was 10-14 February 2020 and the second 2-6 March 2020.                
These weeks were instrumental in providing an environment for more in-depth discussion on             
the experimental tools as well as planning for future WWE. 

 

  

Figure 1. Left: Dr. Louis Uccellini welcoming participants to the first in-house week (photo courtesy of                
Dr. David Novak). Right: Participants working through a verification activity during the second in-house              
week. (photo courtesy of Dr. James Correia, Jr.). 
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ôScience and Operations Objectives 
 
The main science objectives of the 10th Annual Winter Weather Experiment were to: 

● Explore the use of ensemble clustering to assess forecast sensitivity on           
snowfall footprints and identify precipitation type (p-type) challenges in the          
forecast process.  

● Utilize clusters to test and evaluate blending of snowfall solutions relative to current             
operational blending of ensemble means and precipitation type fields.  

● Explore downscaling methodologies in the NAM and GFS over western United States            
for the improvement of forecasts for higher terrain snowfall and snow liquid ratio (SLR).  

● Explore the utility of CAMs in the Day 2 and Day 3 time period using the                
Stand-Alone Regional (SAR) configuration of the FV3.  

● Enhance collaboration among NCEP centers, WFOs, and academic partners         
on improving spatial and quantitative snowfall forecasting.  

● Use both event and season long verification to assess the utility and performance of              
experimental data sets.  

 
Additionally, the main operations objective for this year’s WWE was to run the forecast              
blending exercises in graphical forecast editor (GFE) on WPC-HMT’s AWIPS2 system.  
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Data and Methods 
     Data Overview 

In addition to the full multi-center suite of deterministic and ensemble guidance available             
to WPC forecasters, participants were asked to consider several different experimental           
datasets while preparing the snowfall forecasts.  
 
     ​Ensemble Clustering 

Ensemble forecasts contain a wealth of information about the range of possible            
outcomes for a given weather event. More information is good until it becomes too much               
information for a forecaster to sift through in a timely manner. This is where fuzzy clustering                
comes in. It can extract a signal from the noise by picking out the few dominant forecast                 
scenarios being predicted by the ensembles. The ensemble clusters are calculated from 90             
members of the GEFS, ECENS,and CMCE as follows: 
● The dominant patterns in the ensemble forecast are derived by calculating the first two              

Empirical Orthogonal Functions (EOFs) of the 500-hPa height field over the Continental            
United States (CONUS). 

● In general, an EOF of 500-hPa heights will take on one of two patterns (or a combination of                  
the two): 

1. A monopole centered on the ensemble mean location of a 500-hPa feature, such             
as a trough. This indicates uncertainty in the amplitude of the 500-hPa feature             
among the ensemble members. 

2. A dipole centered between the ensemble mean location of two 500-hPa features            
(e.g., a trough-ridge couplet). This indicates uncertainty in the location of these            
500-hPa features among the ensemble members. 

● A phase space of forecast scenarios is constructed from the two EOFs by using the               
principal components (PCs) of EOF1 as x-axis coordinates and the PCs of EOF2 as the               
y-axis coordinates. Each ensemble member is plotted on the phase space diagram using             
its principal components for EOF1 and EOF2.  

● The ensemble members are then clustered (using the k-means algorithm) into 4 clusters             
based on where they fall in the phase space.�ç

 
     ​Precipitation Type Methodology 

Multiple algorithmic methods of forecasting precipitation type were applied to the           
quantitative precipitation forecasts (QPF) of NCEP’s NAM12 and GFS models to generate a             
snowfall forecast for the respective deterministic model. These methods provided an           
instantaneous estimate of which precipitation type species can be expected for a given grid              
point. A snow-to-liquid ratio (SLR) was then applied to the resultant frozen precipitation to              
derive a snowfall forecast.  

The first precipitation type method applied to the forecast process was the WPC             
decision tree algorithm. This algorithm features a straightforward logic check of critical            
temperatures at 700, 850, and 925 hPa, and 2-meter temperatures for each grid point to               
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ascertain the depth of warm and cold layers in the sounding. The decision tree algorithm               
generates a deterministic and instantaneous estimation of precipitation type for each time            
stamp it is applied to. 

The second method, which is used in NCEP model post processing, is an ensemble              
average of the Ramer, Bourgouin, and Baldwin precipitation type algorithms, better known as             
the NCEP Dominant method ​(Manikin 2005) ​to diagnose precipitation type at each grid point.              
Each of the methodologies that make up the NCEP dominant scheme evaluate the freezing              
level of the wet bulb temperature to assess hydrometeor changes. This multi-algorithmic            
method generates multiple precipitation types at each forecast time stamp, and assigns the             
highest weighted type as a forecast for the grid point. In the event of a “tie” weighting, the                  
assignment of freezing rain takes precedence over other species. 

The third method assigns a precipitation type for each grid point using the percent of               
frozen precipitation ​(POFP) and rime factor parameterization from the model microphysics.           
The POFP parameter in both the NAM12 and GFS estimates the percentage of model QPF to                
be frozen in the lowest level of the model at a particular forecast time. Thus the fraction of                  
frozen precipitation field in this lowest level of the model is assumed to have accounted for                
snowflakes that fall to the ground, and those that melt then refreeze prior to reaching the                
surface. The fraction of frozen precipitation parameter is correlated directly with the QPF and              
the vertical thermal profile, thereby alleviating the need to empirically estimate warm layers in              
the forecast model soundings. 

The rime factor parameter in the NAM12 is generated by the Ferrier-Aligo microphysics             
scheme. This is a variable density graupel parameter which estimates the ratio of the growth of                
snow by the liquid accretion plus vapor deposition divided by vapor deposition relationship.             
Thus the higher the liquid accretion, the higher the resultant rime factor. Higher rime factors               
present in the lowest sigma layer of the model are used to assess the potential for sleet at a                   
given grid point due to the increased graupel (HMT-WPC 2015).  

An exclusive rime factor parameter is not available through the GFDL microphysics            
scheme in the GFS, however a “rime factor proxy” can be derived using the snow and graupel                 
mixing ratios in the lowest level of the model.  

 

RF = Graupel Mixing Ratio / 1 + Gaupel Mixing ratio + Snow Mixing Ratio 

 
Exploration of the rime factor proxy the past two winters suggests that values greater than 0.7                
align with increased presence of graupel and a higher likelihood of sleet as the instantaneous               
precipitation type (HMT-WPC 2019).  

 
Determination of precipitation type using microphysics parameters:  
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participants gave suggestions for how to increase interest. These include reaching out to the              
Science and Operations Officers in the region where our experiment will be focusing that              
week, flexibility in when the forecasting exercises occur, and orientation presentations to each             
of the NWS regions. Going forward, these suggestions will be carefully considered to             
encourage greater participation from the NWS field offices. In addition, there will be greater              
communication with the outside partners and research community for their participation. 
 
     Experimental Forecasts and Tools 

As stated earlier, there were multiple tools and techniques utilized in this year’s WWE.              
In an effort to gain some insight from the subjective feedback and scoring, this next section will                 
look at each dataset and method individually.  
 
Subjective Forecast Verification 
     WWE Experiment Blend, WPC Official Forecast, NBMv3.2 

There were three forecasts evaluated during the verification activities. These include the            
WWE experiment blend, the official WPC Winter Weather Desk (WWD) forecast, and the             
National Blend of Models (NBM) version 3.2. Inclusion of the WPC WWD forecast is due to the                 
WWE’s focus on evaluating blending of snowfall solutions.  

The current snowfall forecast methodology used on the WPC WWD utilizes the official             
WPC quantitative precipitation forecast (QPF) prepared by the Days 1-3 WPC QPF desk             
forecasters. WPC WWD desk forecasters then modify the precipitation type and snow-to-liquid            
(SLR) ratios to generate the snowfall forecast. This current method often results in forecast              
inconsistencies between the liquid QPF and snowfall forecasts because the model solutions            
used to blend the QPF are not the same as the model precipitation type solutions selected.                
For example, if the QPF is heavily weighted towards the GFS, and the precipitation type               
forecast and SLR are NAM based, quantitative inconsistencies result between QPF and            
snowfall amounts, particularly on the periphery of the snowfall forecast near precipitation type             
transition areas.  

The WWE team noted that the blending of snowfall solutions using the same blend as               
applied to the QPF would make for a more consistent forecast (i.e. internally consistent QPF,               
PTYPE, SLR, Snow, and Ice) than the current methodology of editing each parameter (QPF,              
PTYPE, SLR). The WWE team recommends further exploration is needed to increase internal             
consistency methodology.  

Below in Figure 6 are the snowfall accumulations from the three forecasts evaluated in              
the WWE verification sessions. In general, the WWE experiment blend had broader coverage             
over the west and lower amounts over the Upper Midwest and Great Lakes. The WPC WWD                
and NBMv3.2 show similar coverage over the CONUS with the NBMv3.2 accumulation values             
slightly higher from the Central Plains to Wisconsin.  
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Figure 6. Total accumulated snowfall from all 19 events from the WWE experiment blend (upper right), 
the official WPC WWD (lower left), and the NBMv3.2 (lower right). NOHRSC observations in upper left 
for reference. 
 

The general comments noted above were also consistent with the subjective comments            
throughout the verification process. Figure 7, shown below, are word clouds generated from             
the every google survey filled out during the sessions. The participants were asked about the               
footprint and amounts of each forecast, hence the reason for those words to appear large.               
However, for the WWE forecast, words like ‘high’ and ‘missed’ are associated with the broader               
footprint out west and the lower values in the Midwest, respectively. The NBMv3.2 comments              
showed that it was consistently underdone and missed the footprint for a lot of the cases. WPC                 
WWD forecast had both over and under done cases, with comments highlighting ‘missed’             
forecast amounts throughout the evaluation. 
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Figure 7. Word clouds based on the subjective evaluation comments. 

 
For the subjective evaluation scoring (Figure 8), participants found the WWE           

experiment blend to be the best of the three forecasts with an average score of 5.12 over all                  
cases, the WPC WWD next at 4.68, and finally the NBMv3.2 with 4.43. To compare, the                
highest score for the WWE occurred during case 13 (18 Jan 2020) with a value of 6.8 (WWD:                  
6.65, NBMv3.2: 5.69), WWD occurred during case 2 (19 Nov 2019) with a value of 7.14                
(WWE: 5.07, NBMv3.2: 6.0), and NBMv3.2 occurred during case 19 (10 Feb 2020) with a               
value of 6.5 (WWE: 5.28, WPC: 5.72). The lowest score for both WWE and WPC WWD was                 
case 1 (12 Nov 2019) with a score of 3.86 and 4.0 (NBMv3.2: 5.14) and the NBMv3.2 lowest                  
score was case 17 (8 Jan 2020) with a value of 0.93 (WWE: 5.36, WPC: 2.11). As with all                   
subjective scoring initiatives, there may be some bias in the low values at the beginning of the                 
experiment as participants have not yet been involved in the process. It is also worth noting                
that there may be a slight positive bias in the retrospective cases in the WWE experiment                
blend, due to prior knowledge of the event influencing the creation of the blend. Participants               
were asked not to look up the case until after the forecasting exercise was completed, and                
those directly affected by the case excluded themselves from participation. Figures used in the              
verification sessions for each case can be found on the ​experiment webpage​. 
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Figure 8. Subjective evaluation scores for the experimental WWE Blend, official WPC forecast, and 
NBMv3.2. Participants scored from 1 to 10, with 1 being the lowest score possible and 10 being the 

highest. 0 indicates a missing forecast. The mean score for each forecast labeled in upper right.  
 
     Precipitation Type Verification: GFS and NAM12 

As stated earlier in the Data and Methods section, the WWE evaluated ensemble and              
averaged precipitation type techniques for the GFS and NAM12. Below are the maps showing              
the accumulated snowfall over all WWE forecast sessions for both of the precipitation type              
methods as well as SNDP (Figure 9). Overall, the SNDP accumulations were far less than the                
precipitation types. In fact, during the forecasting sessions, participants would generally lean            
towards blending the SNDP over the other solutions when the footprint looked good and the               
precipitation types looked overdone. Comparing the NAM12 to the GFS, the NAM12 was the              
snowier model throughout the WWE season, especially during the Central Plains to Midwest             
cyclone events. This was noted extensively in the forecast session discussions when the             
NAM12 would have higher QPF values in the cold sector of the system. 
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