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Outline

• Explanation of orographically 
inverted events and their impacts. 

• Work to diagnose events using 
Froude Number. 

• Ingredients-based forecast 
methodology. 
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What is “Orographically-Inverted” Snow?
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Standard orographic 
ratio case: 3/4/18

Most common 
snowfall distribution 
observed along the 
Wasatch Front

What is “Orographically-Inverted” Snow?
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Reduced orographic ratio 
case: 2/19/18

Most common with slow 
moving/stalled baroclinic 
zones.

What is “Orographically-Inverted” Snow?
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Full orographic inversion 
case: 1/10/13

What is “Orographically-Inverted” Snow?
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Full orographic inversion 
case: 1/10/13

18”

4”

What is “Orographically-Inverted” Snow?
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Impacts of Orographically-Inverted 
Snow Events
• Transportation (mitigation 

and planning implications for 
UDOT).

• Ski enthusiast surprise.

https://www.commerce.gov/
http://www.noaa.gov/


 10
NATIONAL WEATHER SERVICE
Protecting Lives and Property for 150 Years Building a Weather-Ready Nation //

Using Froude Number

For blocked flow, would expect 
high N (stability), low U (wind 
component normal to barrier) 
and/or higher h (taller barrier).
Thus, the lower the Froude 
the more blocking expected.

Froude # < 0.5 Froude # 0.50-1

https://www.commerce.gov/
http://www.noaa.gov/
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Using Froude Number
● Period of interest must be 

sufficiently saturated to support 
precip.

● Need perpendicular flow to the 
barrier (or close to it). 

● Froude number below 0.5 to 
indicates strong blocking. Extreme 
cases could approach 0.25.

https://www.commerce.gov/
http://www.noaa.gov/
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Problems With Froude Number

• Many assumptions which become increasingly 
unrealistic with increased barrier height

• Froude # was not successful for some cases.

https://www.commerce.gov/
http://www.noaa.gov/
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Alternative Methods to Diagnose 

• Forecaster experience has shown model 
soundings to be helpful in diagnosing blocked 
flow. BUFKIT works well.

• Multiple ingredients noticed in past cases. 

• CAMs can resolve. 

https://www.commerce.gov/
http://www.noaa.gov/


 14
NATIONAL WEATHER SERVICE
Protecting Lives and Property for 150 Years Building a Weather-Ready Nation //

Ingredients Noted in Past Cases

● Past cases of “full orographic inversion”: 
1/10/13, 12/15/15, 2/19/18, 2/3/20

● Unusually cold, long period of moist post-frontal NW 
flow (but lighter winds than most NW flow cases)

● Typical signatures in BUFKIT for KSLC:
○ Best dendritic growth below 5kft AGL
○ Capping inversion around 5kft AGL
○ Wind profile change above 5kft AGL

https://www.commerce.gov/
http://www.noaa.gov/


 15
NATIONAL WEATHER SERVICE
Protecting Lives and Property for 150 Years Building a Weather-Ready Nation //

Using BUFKIT as a Diagnostic Tool
Dendritic growth zone

Omega, red = rising 
motion

Solid colors = saturation

Full orographic inversion 
case: 1/10/13

Decrease in winds near 
crest (~5kft AGL), max 

below crest at mid-slopes

Change in stability at 
mid-slopes

https://www.commerce.gov/
http://www.noaa.gov/
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Using BUFKIT as a Diagnostic Tool

Not as saturated near 
the surface

Dendritic growth zone 
remains around or above 
5kft AGL (~Wasatch crest)

No reduction in winds 
at at mid-slopes

Standard orographic 
ratio case: 3/4/18

https://www.commerce.gov/
http://www.noaa.gov/
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Orographically-Inverted Snow Forecast Funnel

• 3+ days out: recognize and have sufficient 
confidence in synoptic pattern

• 2-3 days out: recognize BUFKIT signatures
• 1-2 days out: recognize patterns in CAM QPF

• Build enough confidence to change our 
messaging, both for the public and core partners 
(e.g. UDOT and snow safety community)

https://www.commerce.gov/
http://www.noaa.gov/
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Future Work
• Explore Froude number in different layers and 

depths. 
• Collect additional cases.
• Derive orographic ratios and classify cases (e.g. 

regular orographics, reduced orographic ratio, 
inverted orographic ratio), then composite 
synoptic features for the various classifications. 

https://www.commerce.gov/
http://www.noaa.gov/
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Questions?
Contacts:
Darren.Van_Cleave@noaa.gov

Glen.Merrill@noaa.gov

Mike.Seaman@noaa.gov
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