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Severe weather events in the United States have co-occurred
with large power outages and result in deaths and damage
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Power outages reported across the
Austin area amid heavy rain
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Be prepared for possible power
outages as winter storm
approaches
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Power Outages Affect Millions As Winter Storms
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Partial weather information available for large-scale power
outages for the period 2014-2019 as identified by OE-417 data
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Integrated assessment relies on multiple datasets to
characterize weather during outages and restorations

[

—[ Outage data

OE-417
EAGLE-|

—{ Weather Data

( )

NASA MERRA-2

. J

NOAA Storm

-

| Events Database |

(

Outage & restoration
time identification

A 4

Integrated time series of
outages, restoration &
weather

A

\_

US Census Bureau
Socio-economic data

Event characterization
analysis via statistics and
machine learning

J

o

Major event types

* Hurricanes

* Wildfires

* Tornadoes

* Winter storms

* Extreme temperatures
* High winds

* Floods




s | Characterization of extreme weather events during
large-scale power outages

Outages

016 2018




Percent of customers affected

o | County outage data is noisy and impacts ability to define m
discrete power outage events

Hamilton County, New York Outage event rules

customers affected

% * Percent affected = 5575 county population
75 Start Lag(percent affected) > 1%
End Lead(percent affected) < 1%
During Any interval [start, end]
- None Customers affected == 0%
Low 0% < customers affected < 1%
25, Incomplete  Outage event at first, last time
interval |
\ \ \ Mh | ‘ \ ]H  Time between events must be > 2 hours
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10 ¥ Spatial distribution number of outages and maximum percent
affected during 2014-2019 period
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11 | Most events affect few customers and have short duration but m
there many outages that are long duration or affect most people

Maximum affected customers (%)
19007 Outage duration (hours) 2
f ]
w
>
£ .
.§ 1001 . : °
©
3 .
[()] s ®
g
3 ’
101 . n
0 10 20 30 40 50 60 70 80 20 100

Maximum percentage of customers affected



large-scale power outages

Weather

I
2 | Characterization of extreme weather events during m
I




3 I NOAA storm events database event were grouped to simplify
identification of weather-related events

Drought Drought

Extreme Cold Cold/Wind Chill, Extreme Cold/Wind Chill, Frost/Freeze

Extreme Heat Excessive Heat, Heat

Floods Coastal Flood, Flash Flood, Flood, Heavy Rain, Lakeshore Flood

Hail Hail

High Winds High Wind, Strong Wind

Hurricanes Hurricane, Hurricane (Typhoon), Tropical Depression, Tropical Storm
Tornadoes Funnel Cloud, Tornado

Wildfires Dense Smoke, Wildfire |
Winter Storms Avalanche, Blizzard, Heavy Snow, Ice Storm, Lake-Effect Snow, Sleet,

Winter Storm, Winter Weather I



Spatial clustering of dominant NOAA-captured storms based on
total number of recorded events

Top event type: Il Drought [l Floods B Hail [ High Winds [] Winter Storms




Multiple climate variables available through MERRA-2
that are translated to the county-scale

Brunswick County, North Carolina
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16 1 Sample summary weather variables from MERRA-2 during
Hurricane Florence (2018) for North and South Carolina
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s | Key variables extracted from EAGLE-I and NASA MERRA-2

EAGLE-I outages by event
«  Maximum percent affected
« Total duration

* Time from maximum affected to full
recovery (below 1% affected)

MERRA-2 (pre- and during)

Wind speed
« Peakvalue

 Duration above threshold

Pressure
« Minimum
* Delta = max - min
 Time over which delta occurs

Precipitation (total)

Specific humidity
¢ Maximum, minimum, mean

Temperature
« Maximum, minimum, mean
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« Time over which delta occurs
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precipitation and change in temperature in U.S. during 2014-2019
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