
Winter Storms – Analysis, Prediction 
and Communication

Neil A. Stuart

NOAA/NWS Albany, NY

ATM362



High Impact winter storm events becoming more frequent –
Just a few notable storms in the past 30 years



Many types of threats – Mesoscale Banding (UL), 
Mohawk/Hudson Convergence (UR), Mixed Precipitation 
(LL) and Upslope (LR)
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Predicting Winter Weather - It is as simple as:
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Moisture
 How deep a layer?

 Where is its origin (Gulf, Atlantic, Great Lakes, 
Pacific)?

 Are moisture and forcing coincident?



Predicting Winter Weather - It is as simple as:
 Low level forcing 

 Low level jet mechanical convergence

 Frontogenesis

 Isentropic lift

 Upward motion or subsidence



Predicting Winter Weather - It is as simple as:
 Upper level dynamics 

 Vorticity/PVA

 Upper jet dynamics (direct and indirect 
circulations)

 Upper convergence or divergence resulting in 
subsidence or upward motion



Predicting Winter Weather - It is as simple as:
 Local/Mesoscale processes

 Upslope/downslope proximate to terrain

 Convergence/divergence due to terrain features

 Thermal/moisture profiles/gradients between the 
surface and boundary layer

 Lake Effect Snow bands
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O.K. maybe not so simple!



Outline

 Synoptic Analysis
 Conceptual Models – Longwave patterns, Pattern 

recognition
 Data, Deterministic NWP Models, Ensembles, Anomalies

 Mesoscale Analysis –
 Conceptual Models – Banding, MHC, Upslope, Lake 

Effect
 Data, CAMs, CAM ensembles
 HRRR, HREF, 3Km NAM

 Real-time data trends 
 Conceptual Models – Sounding profiles for different 

precipitation types, Thermal profiles for SLR
 Radar, satellite, NY Mesonet, Upper air
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Large scale pattern recognition – (Just a few examples below 
among many other large scale patterns/oscillations)



Madden Julian Oscillation and downstream effects –
(Again just one large-scale circulation among many others)



Data analysis – Current State of the Atmosphere



Situational Awareness Table



Ensemble based guidance, anomalies and run-to-run changes



Comparing derived fields from deterministic models such 
as the GFS, ECMWF, CMC/GEM and GFSEnsemble mean
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Mesoscale snow band conceptual models 
(Ualbany CSTAR work from Dave Novak and James Kenyon)



Mesoscale snow band conceptual models – a word 
about the importance of frontogenesis/EPV

Must look at multiple levels and layers – layer where 
dendritic growth zone is important (coming up later)

Storm Prediction Center Mesoanalyses: 
650-500 hPa layer frontogenesis/EPV –
not the typical 850-700 hPa layer



Mesoscale snow band conceptual models – a word 
about the importance of frontogenesis/Isentropic lift

850-700 hPa
QG frontogenesis and winds -
Pettersen Frontogenesis very 
useful as well 

Isentropic lift at 290K



Upslope snows – Froude Number



Mohawk Hudson Convergence 
(Ualbany CSTAR work by Mike Augustyniak)



Mohawk Hudson Convergence



HREF individual member forecasts – HREF 
replaced SSEO and NCAR Ensemble



HREF ensemble mean



HRRR/HRRRE and others



NAM 3KM (and others)



Another way to look at the NAM 3KM in AWIPS D2D

Reflectivity forecasts



NAM 3KM 2 meter temperatures

Very terrain dependent



 How do NAM 3KM 2 meter temperatures compare with MOS 
guidance?

 Is the rest of the MOS forecast guidance consistent with what 
you analyzed in plan view?

Compare all parameters offered in the MOS guidance, successive runs and for all 
locations within the forecast area (KGFL, KPOU, KPSF, KDDH etc.)



Once synoptic and mesoscale analyses are 
complete, it is all about local effects

 Synoptic Analysis
 Conceptual Models – Longwave patterns, Pattern 

recognition
 Data, Deterministic NWP Models, Ensembles, Anomalies

 Mesoscale Analysis – Data, CAMs, CAM 
ensembles
 Conceptual Models – Banding, MHC, Upslope
 HRRR, HREF, 3Km NAM

 Real-time data trends 
 Conceptual Models – Sounding profiles for different 

precipitation types, Thermal profiles for SLR
 Radar, satellite, NY Mesonet, Upper air



 Real-time data helps fill in the gaps in time and space in 
the model initializations and near-term forecasts, 
accounting for what the models are missing

 This is the process of determining what aspects of an 
upcoming weather event the models did not resolve that 
could contribute to forecast errors 

 The result will be adding value to the model forecasts  
and optimizing Impact Based Decision Support Services 
(IDSS) to the user community, especially in the near term 



 Subtle differences in depths of layers have a big effect on 
precipitation type – model vertical resolutions vary, resulting 
in varying skill in predicting thermal/moisture layers

Snow sounding Sleet sounding Freezing rain sounding
Note importance of looking at thermal profiles through a deep layer:  Can’t just rely on 
temperatures at mandatory levels like 850 hPa, you would miss an important warm layer



 Subtle differences in depths of layers have a big effect on 
precipitation type – model vertical resolutions vary, resulting 
in varying skill in predicting thermal/moisture layers

Freezing drizzle sounding



 Subtle differences in depths of layers have a big effect on 
precipitation type – model vertical resolutions vary, resulting in 
varying skill in predicting thermal/moisture layers

11-12 December 2008 Ice Storm

SREF P-Type predictions Weather Prediction Center 
Guidance



 Monitoring thermal profiles during the 11-12 December 2008 ice 
storm

Note importance 
of looking at 
thermal profiles 
through a deep 
layer

Can’t just rely on 
temperatures at 
mandatory levels 
like 850 hPa, you 
would miss an 
important warm 
layer



 Snow to liquid ratios – above climatology when the core of 
maximum vertical motion extends through the -12C to -18C 
saturated layer

Maximum vertical motion through the dendritic growth zone in GFS 
but not NAM – which will be right?



 Snow to liquid ratios – above climatology when the core of 
maximum vertical motion extends through the -12C to -18C 
saturated layer

BUFKIT output very effective for analyzing precip. type and vertical 
resolution of atmospheric parameters – Great for Lake Effect, too



 Probabilistic forecasts from the Weather Prediction Center

 These are for snow but probabilities for freezing rain are also available

 Numerical probabilities for precipitation amounts (WPC, GFSEnsemble, SREF, 
HREF etc.) can be a more objective method of determining confidence levels for 
Outlook (30%)/Watch(50%)/Warning(80%)/Advisory(80%)

By percentile By amount



 Probabilistic forecasts from the NWP Model Ensemble Output

 Numerical probabilities for precipitation amounts (WPC, GFSEnsemble, SREF 
etc.) can be a more objective method of determining confidence levels for 
Outlook (30%)/Watch(50%)/Warning(80%)/Advisory(80%)

 Disagreements between ensembles often occurs but that is where experience 
and expertise help determine which guidance is resolving important storm 
features better

GFSEnsemble probability for 
0.60” and 1.00” liquid 

equivalent

SREF probability for 0.50” 
and 1.00” liquid equivalent



Radar and lightning trends – near-term 
precipitation type and intensity 

https://www.youtube.com/watch?v=_iCYTPeX
NCQ

https://www.youtube.com/watch?v=_iCYTPeXNCQ
feb14snow.wmv


DUAL POL Radar data – near-term 
precipitation type and intensity 



DUAL POL Radar data – near-term 
precipitation type and intensity 



 A quick note about Lake Effect – BUFKIT is the ideal tool to 
evaluate instability class, inversion heights and flow 
trajectories to predict band type, intensity and inland extent

Important to be aware that bands can extend farther inland than the 
radar depicts due to the height of the radar beam

O.K., now back to our regular scheduled programming  



Mesoscale observations and analyses 



Mesoscale observations and analyses 
(courtesy of Nicholas Bassill)



Mesoscale observations and analyses 
(Storm Prediction Center)



Goes-16 satellite trends – CH2 Red Vis

Albany



 Goes-16 satellite trends – Ch8 Upper WV

Albany



 A brief word about Snow Squall Warnings – treat 
like Severe Thunderstorm Warnings, increasing 
ability to predict since similar to thunderstorms 
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 O.K., time to issue the forecasts and briefings –

 Variety of population methods and smart tools in a Graphical Forecast Editor (GFE)

 Oh, and we have to coordinate with neighboring offices

 All this data and model analysis, populating grids, editing and coordination takes    
LOTS OF TIME 

 Delicate balance of what we choose to analyze, how to produce grids that we believe 
most accurately represents what we think will happen 

 We have to cut off the meteorology at some point and meet the deadlines to issue 
everything to partners and the user community
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O.K., time to issue the forecasts and briefings



Winter Storm   

Decision Support Briefing # 4

As of: 500 AM January 29, 2019

What Has Changed?

 Berkshires  upgraded to a Winter Storm 

Warning

 Winter Weather Advisories now in effect 

for the Greater Capital Region, Taconics, 

mid Hudson Valley, Schoharie Valley, 

Helderbergs, eastern Mohawk Valley,  

Washington Co., and Litchfield County, CT 

Specialized multi-slide briefings for Emergency Managers and other deep core partners – also 
uploaded to our NWS Albany NY web site – graphics based on GFE with text explanations



Event Summary
Winter Storm Expected….

Snow will overspread the area from west to east this morning over 
eastern New York and this afternoon over western New England. 
Snow will be heavy at times tonight.

Berkshires  upgraded to a Winter Storm Warning.
Winter Weather Advisories now in effect for the Greater Capital 
Region, Taconics, mid Hudson Valley, Schoharie Valley, Helderbergs, 
eastern Mohawk Valley,  Washington Co., and Litchfield County, CT.

Frigid air will move into the region Wednesday night through Friday.  
Dangerous to life threatening wind chills are expected Wednesday 
night – Friday morning 

 Confidence is HIGH that this event will occur and  Moderate to High on expected impacts

 Period of greatest impact for snow: This Morning – daybreak Wednesday

 Wind Chill threat: Wednesday night – Thursday morning & Thursday night – Friday morning

Specialized briefings for Emergency Managers and other deep core partners - Summary of 
multi slide graphical/text briefing to emphasize important points



O.K., the storm is over, now what?

 Verification
 Skill of models/ensembles

 Skill of humans adding value to model/ensemble forecasts

 Many methods

 Graphics comparing forecasts to observed

 Statistics comparing various forecast parameters

 Receiving feedback from users, positive and negative

 Applying lessons learned to improve for the next 
storm
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Verification methods
Gazpacho:  GIS-based plots and comparisons

Gridded snow forecast Observed snow  

Gazpacho:  Developed by Charles Gant of NWS Greenville-Spartanburg, SC 
and Joe Villani and Vasil Koleci of NWS Albany, NY



Verification methods
Gazpacho:  GIS-based plots and comparisons

Snowfall difference – under 
forecasted in western areas 
and over forecasted in 
eastern areas 

Verify by zone average



Verification methods

Various methods to verify 
temperatures and other 
parameters - Boiverify

Various methods to verify 
temperatures and other 
parameters - LinuxSoover



Verification methods

WPC probabilistic 
verification

Statistics on POD, FAR, CSI 
and lead time from the NWS 
Verification web site



Applying lessons learned – User feedback

Responses and feedback from social media users – Facebook and Twitter
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Applying lessons learned – Internal Quality 
Assurance Reports for significant events

Ultimately – No forecast is perfect:  life-long learning is the key!
Remember:  Weather occurs in the atmosphere, not the models – Any Questions?


