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Snow Squalls: What’s the big deal?
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Snow Squalls: What’s the big deal?
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Interstate 80: Milesburg, PA
January 6, 2004

3 separate multi-vehicle accidents, 
6 dead, 17 injured

Interstate 80: Loganton, PA 
December 28, 2001

100 vehicles, 8 dead, 45 injured

Central PA: “Snow Squall Alley”
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American Meteorological Society 
Annual Meeting Presentation

The Early Years (2003 - 2004)
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High Impact Sub-Advisory Snow Events

● Short duration, high intensity 
snow (falling in bursts or 
squalls) with 1-3” amounts in a 
1 to 2 hour period.

● Snowfall accumulation doesn’t 
warrant Advisory issuance.

● Instantaneous whiteouts, 
rapidly changing road 
conditions and driver 
anxiety/confusion make chain 
reaction accidents more likely



The Early Years 2006-2008
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● David Nicosia (MIC (then 
WCM) BGM and Greg 
DeVoir authored a 
Statement of Need for a 
formal Snow Squall 
Warning product. 

● Submitted through 
Eastern Region 
Headquarters (ERH) 



First Snow Squall Warning - 2 Feb 2018● ~15 year endeavor
● Difficult to add a new product in 

the era of “Hazard Simplification”
● Unique EAS code unavailable

Snow Squall Warning Implementation
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2018
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● NOAA glossary
○ A snow squall is an intense, but limited duration, period of moderate 

to heavy snowfall, accompanied by strong, gusty surface winds and 
possibly lightning
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What is a snow squall?  Impact-based definition 

● Snow Squall Warning Criteria
○ Visibility ¼ mile or less
○ Gusty winds
○ Potential for snow covered roads or a flash freeze
○ Typically lasting 1 hour or less 

● ASOS definition of squall
○ 2-minute wind speed ≥ 22 kts and exceeding the 2-minute 

average from two minutes ago by 16 kts or more



Translating, shallow convective lines or cells residing in the boundary 
layer, producing rapid-onset heavy snow and gusty winds. 
● Can take the form of a single band, multiple bands, or a hybrid of 

cells and lines
● The translating criteria is there to discriminate between snow 

squalls and quasi-stationary lake effect snow bands, although we 
can use a snow squall warning for a particularly heavy lake effect 
streamer that extends down to an interstate and is not covered by 
another advisory/warning product
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What is a snow squall?  Structure-based definition 



Three Ingredients Method for Convection
1. Instability - Upright (CAPE 50-100 J/kg), symmetric (negative EPV in the 

boundary layer), or potential instability (Theta-e decreasing with height)
2. Moisture - Influences accumulation via band width and SLRs
3. Lift - Broad and weak (multiple lines/cells) or strong and focused (single band)
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How do snow squalls form?



A Pioneering Parameter for Snow Squalls
● Weir Lundstedt (NWS CWSU Nashua, NH) and Steven P. Nogueira (NWS Concord, 

NH) in 1993 to forecast wintertime instability and non-lake effect snow squalls 
across northern New England.

● Winter INstability inDEX (WINDEX)
○ Low-level temperature difference
○ Boundary layer relative humidity
○ 12-hr change in Lifted Index

● Snow squalls most likely where instability,                                                                                     
lift, and moisture are maximized.

● Same forecasters coined the term NORLUN trough 
for inverted troughs extending from a surface 
low beneath a middle or upper level pool of cold air, 
localized bands of heavy snow could result. 
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http://www.weatheranswer.com/public/NORLUN3.pdf
https://repository.library.noaa.gov/view/noaa/6833


The Early Years 2006-2008

2008 National Weather Association Annual Meeting, Louisville, KY
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● DeVoir, Grumm and Scala 
reconstructed high impact 
sub-advisory/ snow squall 
events from NCEP 
reanalysis fields

● Created synoptic 
“fingerprints” of significant 
snow squall events using 
standardized anomalies



Developing the Snow Squall Parameter
● WINDEX was run on a model that no longer exists. NARR Reanalysis Fingerprints 

didn’t address the mesoscale.
● Banacos et al. 2014 sought to develop a modern, graphical composite parameter 

for forecasting snow squalls — in a method similar to what had been done for 
other types of moist convection including the significant tornado and supercell 
composite parameters (Thompson et al. 2003, 2004) and derecho composite 
parameter (Evans and Doswell 2001).
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http://nwafiles.nwas.org/jom/articles/2014/2014-JOM12/2014-JOM12.pdf


GFS
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 CIPS Deterministic Model Guidance - Snow Squall Parameter

Want SNSQ >1 (climatologically tuned to 1/2sm or less vsby)
DON’T FIXATE ON MAGNITUDE - CAN VARY BETWEEN MODELS

NAM 12km

https://www.eas.slu.edu/CIPS/MODEL/WXmodel.php?&map=SNSQ 

https://www.eas.slu.edu/CIPS/MODEL/WXmodel.php?&map=SNSQ


Linear

● More intense

Cellular

● Weaker

Snow Squall Mode
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● Use overarching Special 
Weather Statement

● Can be multiple Snow Squall 
Warnings for same location

● CAMs don’t handle well

● Hard to track on satellite

● Easier to message

● Easier to warn on

● Models handle timing better

● Trackable on satellite when 
outside of radar coverage 

area



Banacos et al. (2014)
Monthly Count of Snow Squall Cases

(Northern NY & VT 2002-2011)

Schneider (Penn State University) - 
Convective Snow Cases

(Central PA 2012 - 2022)
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Snow Squall Climatology



“Morning rush” “Evening rush” 19

Snow Squall Climatology



● Rapid formation of ice on 
road surfaces as surface 
temperatures drop below 
freezing and melted snow 
freezes into a dangerous layer 
of ice.

● Antecedent road 
temperatures can be >50°F 
before a flash freeze IF air 
temperatures are at or below 
freezing and duration of 
snowfall is sufficient. 20

Flash Freeze Component



Road Sfc Temp (left) and Air Temp (right) 
Before (gray) and During (white) High-Impact Snow Squalls
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The box represents 
the 25th-75th 

percentile. 

The middle line is the 
median. X is the 

mean. 

Whiskers represent 
the min and max of 
the sample within 

1.25 times the 
interquartile range 

(anything outside this 
range is an outlier)Road Sfc Temp Air Temp

Te
m
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Large spread in 
antecedent 
road temps. 
Some as warm 
as 50F +

Before the squalls 
arrived, all but 2 cases 
had sub-freezing air 
temps. The other cases 
were 33F. 

n=17 n=13

n=18 n=15



How Quickly Can Road Temps Fall?

22

On March 3, 2017 a snow squall led to a flash freeze and a 32-vehicle accident on 
Interstate 81 in Schuylkill County, PA. The road surface temperature just before 
the snow squall was 48F. The air temperature was in the mid 20s. 

• The road surface temperature dropped from 48F to 32F in 37 minutes (0.43 deg/minute) then ultimately reached 
a min of 26F. 

• Snow was falling only for about 10-15 minutes of that time. The road temperature started cooling before snow 
was observed. This was likely due to clouds moving in and reducing solar radiation. 

onset of clouds

onset of 
snow



How Quickly Can Road Temps Fall?
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When snow squalls arrived, the road had warmed to about 34°F, while the air temperature was 19°F.  Road temp fell to 29°F after heavy 

snow began, and snow/ice accumulated on the roadway. Visibility was reduced to between ¼ and ½ mile in snow and fog. 

A major pileup occurred on I-81 in Schuylkill County. 39 commercial vehicles and 41 passenger vehicles were involved. Six people were 

killed and more than two dozen were injured. All fatalities occurred in fire. 

This RWIS site was about 8 miles away from the crash site. Due to the time of year and the warm stretch of days leading up to the cold 

surge, the road temperatures were running about 10°F warmer than the air temperature, even at night. 

March 28, 2022



How Quickly Can Road Temps Fall?
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●On average, when a snow squall hit an RWIS site that started with road 
temps above freezing and air temp below freezing, the road temp fell at a 
rate of 2-3F every 5 minutes. 

●Road temp drops of 1+ degree per minute were noted in one of the snow 
squall cases. 

●Remember, in daytime events, road temp will begin to drop before the 
snow squall begins as clouds darken the sky.



March 3, 2017:  I-80 in Clinton County, PA
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How quickly can road temps fall?

Source: 
PennDOT Vaisala RWIS

First flash 
freeze

Multi-vehicle 
accident

45-vehicle pileup around 2:30PM

The road surface temperature 2 hours 
before the pileup was as warm as 54°F. 

The air temperature was in the mid 20s.

4 different snow showers leading up to 
the accident (visibility reductions).

During the first flash freeze, the road 
surface temperature dropped from 54°F 
to 32°F in 35 minutes (0.63 deg/minute) 
then reached a min of 30°F.

Road surface briefly snowy at 1PM, 
longer duration at 2:30PM.

Road temp of 54F



  Source:  US Department of Transportation

● Passenger Vehicle on Dry Pavement:
○ 144 feet when traveling at 55 mph

■ This is in addition to driver reaction time
■ Stopping distance quadruples as speed doubles

144 ft 
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Stopping Distances

● Commercial Truck on Dry Pavement:
■ Roughly double the passenger vehicle stopping 

distances

● Vehicles on Ice:
○ Multiply dry pavement stopping distances 

by 10 times

x 2 x 10  = 2880 ft ≈ 0.5 mile
Approximate distance a commercial truck will continue to 
travel on ice after hitting the brakes if starting at 55 mph



Continue to use Snow 
Squall Parameter & CAMs, 
but don’t get faked out by 
composite reflectivities. 
Isallobaric couplets force 
snow showers into more 
intense bands.

DESI - 90th Percentile 1-hr 
Snow from HREF

● 90th Percentile will often emphasize 
where/when snow squalls are most 
likely.

● Works better for linear cases than 
cellular 
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Snow Squall Forecasting: 0-1 days

http://drive.google.com/file/d/1Lnzaoyax7oQ-99TRJLltnc53TvLHshvo/view


Based on HRRR Output

Produced every 6 hours 
(2-3 hour lag time)

Blowing Snow tuned for 
SNSQ:

● Moderate       
1/4mi visibility 

● Major        1/16mi 
visibility 

● Extreme       
1/32mi visibility

28

Winter Storm Severity Index -Hourly



Snow Squall Mesoscale Discussions

SPC Mesoscale discussions serve to provide guidance and raise awareness up to 3 
hours prior to the onset of dangerous conditions associated with snow squalls.
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Snow Squall Products

Key Messages 
for Snow 
Squalls

Issued by the Weather 
Prediction Center in 

collaboration with local 
Weather Forecast Offices
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Snow Squall 
Decisional 
Workflow 
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NROW 2024  Albany, NY

Questions?
greg.devoir@noaa.gov


