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Thank you for your service - CoCoRaHS Observers!
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EPRI: 2010

Extreme Weather and Power Outages: USA



Three Icing Types
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Long duration freezing rain is actually fairly rare - cold air needs 
replenishing at the surface, since latent heat is released warming the 
air when water freezes at the surface.

https://www.weather.gov/images/rnk/LSR/RAIPZRSN.png 

Thermal Structure and Precipitation Types

Sleet/Ice Pellets

https://www.weather.gov/images/rnk/LSR/RAIPZRSN.png
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Call 2010
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Bendel and Paton 1981

Total Number of Glaze Icing Storms 1928 to 1937



11Adapted from McCray 2021
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Average Number of Days with Freezing Rain (1948-2000)
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National Electric Safety Code (NESC) -  Ice Loading Zones (2002)

These codes are used in 
designing electric 
transmission structures.

HeavyMedium

Light
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50-Year Ice Storm - Ice Loading Map
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Ice growth on trees is complex

Icicles are more likely to 
form around freezing and 
warmer temperatures. 
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Koder 2016

Winds act to 
distort ice 
growth
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Koder 2016

Winds 
generally 
spread ice 
around 
branches



Most commonly adopted method for converting freezing 
rain to ice thickness...

FRAM - Freezing Rain Accumulation Model: Converts freezing rain to 
ice thickness values using three variables: 
1. Wet bulb temperature 
2. Precipitation rate
3. Wind speed



Ice Thickness vs. Radial Ice Thickness

There’s a lot of confusion around understanding ice thickness. When most folks talk about 
ice thickness, they are referring to the maximum one-dimensional ice on an elevated 
surface. However, for engineering applications radial ice thickness is used for design 
standards around icing.  



Radial Ice – Average ice thickness 
distributed completely around a 
cylinder

Ice Thickness – Largest 
one-dimensional ice growth aka 
“elevated flat ice”
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Measuring ice accretion is difficult



Ice Thickness vs. Radial Ice Thickness

Example of one-dimensional ice 
thickness

Radial ice thickness distributes ice 
around a cylinder (wire), and is 
approximately 39% of value of 
one-dimensional ice thickness. 

For example: 0.5” of radial ice = 1.27” of one-dimensional ice 

wire
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January 5-10, 1998 Modeled Total Ice Thickness (inches)

Axis of highest accretion was 
modeled too far north generally
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Jones and Mulherin 1998

January 5-10, 1998 Observed Total Ice Thickness (inches)
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Jones and Mulherin 1998
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December 11 & 12, 2008 Total Ice Thickness
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October 29-30, 2011 Wet Snow Icing Accretion

Warmer and wetter winter climate produces more wet snowfall.
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Central Research Institute of Electric Power Industry  - Sugimota et al. 2016

Method for Detecting Wet Snowfall Icing using Humidity and Temperature

Wet snowfall risks are likely 3x to 4x the overall risks of outages than 
freezing rain in the Northeast US.



Wet Snow Forecast Example

Forecast Wet Snow Observed Wet Snow
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Table used by Vermont CoCoRaHS observers to estimate ice accretion



Citizen Science - Ice Observations
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Dec 23, 2017 Ice Thickness
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https://journals.ametsoc.org/view/journals/apme/59/9/jamcD190280.xml  

Campbell et al. 2020

https://journals.ametsoc.org/view/journals/apme/59/9/jamcD190280.xml
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National Weather Service - Current Limitations of Ice and 
Wet Snow Forecasts

● Lead time limited to 72 hours for ice
● Lacking probabilistic ice accretion forecasts 
● No way to determine wet snow accretion from total snowfall 
● No good products for precipitation that starts as freezing rain - “rapid 

onset freezing rain” 

The first 0.01” of ice
is the worst for 
transportation 
applications.



34

Sperry-Piltz Ice Accumulation Index (SPIA)

General risk scale for ice and concurrent wind loading
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Example private-sector ice accretion forecast
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Conducting Research on Ice - Hubbard Brook, NH



Direction of Change

Projection 
Confidence

Wet 
Snow 

Storms

Strong 
Increase

Strong 
Decrease

Low

High

Ice 
Storms

Medium

No Change

New England Climate Projections 
(through 2050)

 Decrease Increase
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Wet snow and ice risks and climate change
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Dr. Jason Shafer 
Northern Vermont University

jason.shafer@northernvermont.edu

First responder to the future.
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