WHAT ATMOSPHERIC WEATHER PATTERNS RESULT
IN FREEZING RAIN IN EASTERN NORTH AMERICA?

Freezing rain has caused billions of dollars in damages in recent a/ecades, and ye* is still one of the least understood forms of
Ipreciphlmtion. /:reezing rain events occur all over the United States, however the sPoraa/ic nature of these events Ipreseml
significan* cha//enges fo accurate reporfing This comp/ica*es ana/ysis fo fill in gaps of /enow/edge when aHempfing fo

research Hlese evem‘s.

Dangers of Freezing Rain: Our research questions: Our Methods:

« What weather patterns drive
the majority of large freezing e A machine learning technique that

rain events east of the Rocky uses historical weather events and
Mountains? groups them into different synoptic
How do these patterns set-ups (regimes).

) influence the characteristics We used data from the European
Even small amounts of ice of the events themselves (e.g., Reanalysis project (ERA5) extending

make roads extremely duration, intensity, location), from 1979-2020.
dangerous for drivers.

Freezing rain can cause major
damage by bringing down
trees, power lines, and
communication towers, often

leading to extended outages.

LARGE -SCALE WEATH E R Higher sea level BN BN B  surfacefreezing
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Regime One (Rl) shows a classic cold air outhreak across

Eegime |

" the US. A a’eep dilp in the Je?t stream brings Arctic air
”. . south. A s*rong surface high pressure amoma/y forms over
frea LLLL LA the Central US, he//oing push the cold air down.
Tempem*ures a/rolp sharln/_cj, especia//_tj in the Midwest and
Great Plains. This PaHem offen results in freezing rain in
the midwest and south.
Regime 2 (R?) features a *rough (uluper—/eve/ low Eegime Z

pressure) over Western North America, similar fo

Rl but with weaker anomalies, and a dominant ridge
(upper level high pressure) centered over the

Midwest extending across the Eastern US. At the

SMI"FOICG, *here Is a wes*ern /OW /gressure OIH(J

eastern hlgh pressure anoma/y. The comloosi%e
surface freezing contour suggesvts most events in

this InaHern are in the north.



https://cds.climate.copernicus.eu/datasets/reanalysis-era5-pressure-levels?tab=download

R egime 3

Eegime 3 (R3) features a Pronounced eastern rio/ge
centered a/ong the US. East Coast and a o/ee/oer
*rough over the southern p/ains. Lower pressure
anomalies are featured around the area of the

7Lrough in the Southern Plains while an area of

/'/igher pressure IS Ipresemt over the East coast. The

composhte freezing contour lies in a rough/y

southwest fo northeast orientation.

R egime L

Eegime L (RL) is characterized by an eastern *rough and
a broad ria/ge over the western half of the domain. The
midwest and south region features higher pressure
anomalies. Though overall these anomalies are weaker
than in other regimes. Cold air a/amming east of the
Appa/achian Mountains is Presemt and shown leough the

composife*empem*ure anoma/y line, which a’ilns east of

the mountains.

FREEZING RAIN DISTRIBUTION

(]
Total Freezing Rain Accretion(mm) by Full Area(FA) Regime Regl me 1
. . Freezing rain especially prevalentin
i Regime One (R1) i Regime Two (R2) Central Texas up through Oklahoma,
ﬂ i Missouri, Illinois, Indiana, Ohio,
¢ 300 300 Pennsylvania, West Virginia, Virginia,
and North Carolina.
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Events are more widely scattered,
mostly across the Northern U.S and
b Southern Canada. Freezing rain
patterns
Regime Four (R4) o
———— Regime 3
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¢ More consistent areas of freezing rain
i gy e ‘ accretion are over Northern
200 200 Texas,Central Oklahoma, Southeast
Kansas, and all throughout the
100 100 Northeast. Axis similar, but shifted
north, compared with R1.
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h h Regime 4
Like R2, events are more scattered,
Figure 1. Regimes 1-4 showing total Freezing rain bUF a bit more to the south and west.
accumulation from using data from 1979-2020, in the Eastern portion of the United Evidence .Of amaxima east of the
States in mm. Accretion is expressed as the sum total across all events in each Appalachians and in the lower

regime. Adapted from Britton, A. & Mullens, E. (2025). midwest




ATMOSPHERIC PROCESSES:

Heavy Accretion of Freezing Rain

Regime 1: These events often produce freezing rain in a swath
extending from Texas through New England, and also east of the
Appalachian mountains. This set-up is a typical cold air outbreak
(CAO) for a majority of the eastern United States. This implies
the presence of an arctic anticyclone which is favorable for a
cold and shallow air mass. The dynamical pattern would suggest
widespread forcing for ascent (rising air) and slower eastward
movement, allowing for long duration freezing rain accretion.

Regime 3 also has a freezing rain pattern stretching across the
United States, here the predominant accretion of Freezing rain
is present in two main areas, one band in Missouri, and the other
within New England. The placement of the eastern ridge and the
western trough indicates strong forcing for ascent and
sometimes development of a low pressure system (LP) south of
the Arctic air. Freezing rain events associated with LP result in
stronger rising motion, leading to shorter, more intense storms
with greater accretion.

More Variable Freezing Rain Accretion:

Regime 2 is a pattern that has larger differences in where the
dominant features set up for any given event. Typically there is a
trough over the west and a ridge over the east. This can help
warm air push northward causing our surface freezing contour
line to be much higher north than seen in Regime 1. This pattern
also tends to result in LP development more frequently.
Temperature’s aren’t as cold across much of the region which
limits accretion.

Regime 4 differs from the rest of our regimes by having a
dominate trough centered over the East coast, and a ridge which
spans the entire western half of the U.S. A weak low pressure
system and cold temperature anomalies provide forcing for
rising air, clouds, and precipitation. The presence of cold
temperatures dipping south and higher pressure anomalies in
the east allows for formation of freezing rain through the cold air
damming mechanism. This is supported through the surface
freezing line on Regime 4's diagram near the Appalachians.

What this means for you

Risk areas for damaging ice accretion under
regime 1: N. Texas, Oklahoma, N. Louisiana,
Missouri, lllinois, Indiana, Ohio,
Pennsylvania, Virginia, West Virginia, & the

Carolinas.

Regime 1

Risk areas for freezing rain accretion are
more spread out under regime 2: If you live
in the general regions of Southeast Canada
and the Midwest, your risk for ice storms is

highest under this pattern.

Regime 2

If you live in Oklahoma, Kansas, Missouri, S

lllinois, Vermont, Maine, Southeast Ontario,

and Southern Quebec, you have highest risk
of damaging ice accretion in a setup like

Regime 3

Regime 3

Regime 4 has freezing rain scattered across
the eastern half of the United States. If you
live east of the Appalachian Mountains,
expect freezing rain accretion as a result of

cold air damming.

Regime 4




Situation in a warming world:

This study evaluated how events that occurred between 2000-13 (CTRL) would occur if the climate was warmed to a late 21
century under high greenhouse gas emissions, a framework known as ‘Pseudo-Global Warming’. (PGW). The data used is called
‘CONUSYT’. As expected, a warmer climate shifts the major axis of freezing rain northward. However, the results also showed that the
decline in snowfall exceeding freezing rain. In some locations, freezing rain increased because the warming climate created more
favorable conditions due to warmer air. The rain rates also generally increased, through with warmer surface temperatures,
accretion of ice on surfaces could become less effective, particularly in areas further south in the U.S. We hope to extend this work
to use the latest climate data and tools with this same method.
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Freezing rain liquid water equivalent (mm)

Accretion

Regime 1 Regime 2
FZRA* Snow* Percentage changes in precipitation types
as a function of total amounts in each
phase, and ice accretion (future - control).
Regimes 1 and 4 showed an increase in

accretion, particularly the latter. Regimes 2

Regime 3 Regime 4 and 3 showed more substantial declines of
freezing rain. All cases showed a large
‘ ' l t increase in total rainfall.

*Liquid water equivalents
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