
Forecasting Topographically-
generated winter weather hazards 

(focus on the eastern U.S.) 

Mike Evans SOO / WFO Albany NY



Outline

• Snowfall Climatology and Elevation

• Cold-air damming

• Effects of stability and wind

• High resolution model forecasts

• Summary



Elevation vs. annual snowfall

Eastern U.S. topography Average annual snowfall
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Cold-air damming

Bell and Bosart 1985

Hoffman et al.  – NESC - 2018



Cold-air damming

Keeter et al. 1995



Northwest flow upslope

• Most often occur with shallow moisture / subsidence 
inversion.

• Moisture  often in  the  -10 to -20 C snow growth zone.
• Can occur with deeper moisture (next slide).



Northwest flow upslope and Sandy



Local effects – northern Vermont

Blocked flow – heavy snow upstream from the mountain barrier.
Unblocked flow  – heavy snow over and downstream from the barrier.



Froude number and snowfall
Froude number = (Wind Speed) / (Stability) x (Barrier Height)

Fr < 1 – Blocked Flow.    Fr > 1 – Unblocked Flow

Burlington (in the valley) gets heavy snow with blocked flow
Jay Peak gets heavy snow over a wider range of flow patterns



Local effects – northeast Pa

Blocked Flow (stable / light winds) associated with lower orographic ratio

Unblocked Flow (less stable / stronger winds) associated with larger orographic ratio

Other factors – included surface temperature (near 32 associated with larger ratio)



Terrain and composite snowfall –
southeast flow



Terrain and composite snowfall –
southwest flow



Local effects – Hudson / Mohawk 
convergence



High resolution model snowfall 
forecasts – March 14, 2017 blizzard



Examination of high resolution model 
performance – Gowan et al. 2018



Model biases at SNOTEL stations



Frequency biases



Localized biases – too much precipitation 
downstream from the Sierra crest



Local WFO Albany Study

• Examine several winter storms from 2017-2019.
• Compare observations to high resolution model 

forecasts.
• Partition cases into categories such as high / low 

stability,  northeast / southeast flow, high / low 
Froude number, high / low orographic number.

• Do these factors contribute to model 
performance?

• Do models have biases related to elevation / 
topography?



Initial results from 12 events 2017-
2018 

• Average elevation ratio was 1.3

• Strong correlations between stability, Froude number and 
elevation ratio (weaker with sfc temp)

• Model bias of snow depth change



Summary

• Complex terrain results in a myriad of 
topographically enhanced winter weather 
hazards.

• Many of these hazards occur at small-scales.

• High-resolution models can be very helpful to 
determine impacts of terrain, but biases and 
errors exist.

• Local experience and expertise is critical for 
effective forecasts, warnings and decision 
support.
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