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Background and Goals
• CSTAR Goal: 
• Foster collaboration between researchers and operational forecasters to help 

improve operational forecast accuracy and methods

• Research Questions: 
• What environmental conditions are most important in determining 

precipitation type during winter mixed-precipitation events?
• How can multiple different data sources be combined to improve our 

forecasting ability?

• Project Goal:
• Synthesize multiple data sources to best represent the environmental 

conditions during winter mixed-precipitation events and develop a useful tool 
to improve operational forecasts



Random Forest
• ‘Forest’ of decision trees
• Identify patterns and nonlinear 

interactions in data
• Train the trees to make a 

prediction from its previous 
knowledge
• Generate a probabilistic outcome 

and relative feature importance
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Data Sources
• CoCoRaHS Reports
• Trained, consistent observations

• New York State Mesonet (NYSM)
• Hourly Statistics
• 5-minute observations

• Upper Air Soundings
• BUF, ALB, OKX offices and WMW (Canada)

• North American Mesoscale Nested Domain (NAMNEST) Forecast Model
• BUFKIT profiles for state of NY

• High-Resolution Rapid Refresh (HRRR) Forecast Model
• 40-km grid of vertical profiles



Random Forest Framework



Operational Product Guidance

• Website was developed in Fall 2021 to display RF output and forecast 
guidance
• Currently have guidance based on 4 datasets: 
• NYSM and Upper Air: Nowcasts

• Operational Forecasts available from 11/2020
• NAMNEST: Forecasts with 12 hours of lead time

• Operational Forecasts available from 11/2020, until 11/2022 only 5 hours of lead time
• HRRR: Forecasts with 12 hours of lead time

• Operational Forecasts available from 11/2022
• HRRR and NYSM: Nowcasts

• Operational Forecasts available from 11/2022



Operational Product Guidance

• Live updating map of probabilities with radar or reflectivity 
• Probabilities represent if precipitation is falling, what is the chance it is 

a specific precipitation type
• 6 probabilistic products are available: Rain, Freezing Rain, Sleet, Snow, 

Mixed Precipitation (Sleet + Freezing Rain), and Dominant Precipitation 
type
• Dominant precipitation type product is highest probability at each point



Operational Product Guidance
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Verification Methods
• Verification Data Sources
• MPING
• ASOS

• Verification Method
• Reports grouped by 1-hour 

windows  around valid time 
or use report at valid time
• Match reports to nearest RF 

prediction (must be within 
40km of prediction location)
• Generate Confusion Matrix 

based on correct/incorrect 
predictions
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Verification: Winters 2020-2022
NYSM NAMNEST



NWP Verification: Winters 2020-2022

RF NAMNEST NWP NAMNEST NWP HRRR



Winters of 2020-2022 Lessons Learned
• Rain and Snow was well predicted by random forest
• Freezing Rain and Sleet cases were usually identified as mixed 

precipitation, but not always correctly predicted
• Improved spatial resolution of vertical profiles could make a significant 

difference
• Representative data is key
• Lessons of this and other events led to HRRR and HRRR and NYSM 

products



Product Development

NYSM and 
Upper-Air 
Reduced



Product Development
Original NYSM NYSM Reduced



Product Development
• BUFKIT- 32 

sounding 
sites (red)
• New Model 

Grid (40km 
resolution) -
107 sounding 
points
• Implemented 

with HRRR 
products

Values by Blue points is elevation (m)



Product Development
• Compare model’s surface 

temperature and 
dewpoint to NYSM 
observations
• Understand what input 

data will be more 
representative
• HRRR, NAMNEST, RAP, 

NBM



Operational Product Summary
• NYSM and Upper-air- Made hourly between 0-4 UTC and 12-16 UTC
• 5-minute NYSM data
• Upper air data from/between mandatory pressure levels

• NAMNEST- Made 4x daily, forecasts give 12 hours of lead time
• Data from/between mandatory pressure levels at BUFKIT profile locations

• HRRR- Made 8x daily, forecasts give 12 hours of lead time 
• Data from/between mandatory pressure levels on 40-km grid of vertical profiles
• Also includes data from every pressure level at or below 900mb

• HRRR and NYSM- Made hourly
• 5-minute NYSM data
• Same data as in HRRR only dataset



Conclusions
• This product is a complementary tool to aid in the forecasting 

of winter precipitation types
• It provides a unique, probabilistic forecast based on both 

observations and NWP data 
• There will always be room for human interpretation of ML 

generated guidance



Questions?

Contact: Brian Filipiak, bfilipiak@albany.edu

https://www.atmos.albany.edu/student/filipiak/op/
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