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Is it possible to predict the

location/severity of power outages
prior toa TClandfall?

Metric
% of customers who lose power in the 120 hours following a forecast time,
county level

Source
EAGLE-I Outage Data, compiled from real-time outages @



HEV Framework (IPCC)
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Hazard
34-knot Wind Probabilities
50-knot Wind Probabilities
64-knot Wind Probabilities
100-knot Wind Probabilities
Duration of Winds
Arrival Time of Winds
Storm Surge
Extreme Rainfall Risk
Severe Weather Risk

Input Variables

Exposure
Population
Population Density

Number of Businesses

Total Length of Roads

Total Length of Transmission Lines
Dominant Land Cover Type

Median Tree Canopy Cover
Average Tree Canopy Height

Vulnerabilit

Below 150% Poverty
Unemployed

SRl Housing Cost Burden

Status No High School Diploma

No Health Insurance
Aged 65 & Older
Aged 17 & Younger

jiousehold CHllaiE DEaEIY.

Characteristics

Racial & Ethnic
Minority Status

Multi-Unit Structures
Mobile Homes
Crowding
No Vehicle
Group Quarters
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Compiling Training Data hd

Method
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Helene Advisory 14
34-kt WSP

BAHAMAS

36 tropical cyclones landfalling in the Gathered hazard data for each forecast
contiguous US 2020-2024. advisory by county.



“All Storms” Model Results

Distribution Comparison

Bl Actual
BN Predicted

0.6
Outage (%)




“All Storms” Model Results

Top 10 Most Important Features

50-knot Wind

Probabilities (point) ® exposire_curation 50 34k
@ MAX_ wsp34

2. Duration of 34-knot

Winds

3. 34-knot Wind
Probabilities (point)

® MAX_ wspb4
@ wsp_percent_50kt
. wsp_percent_34kt

. wsp_percent_64kt

4 . 6 4 'kn o t Wln d tree_height_MeanTreeHeightm
Probabilities (point)

@ leadtime_50_34kt ® Hazard
. Exposure
5. 50-knot Wind ® e onur ® Vulnerability

Probabilities (areal)

0.00 . R . . . 0.12 0.14 0.16



“All Storms” Model Results

10.

34-knot Wind Speed
Probabilities (areal)

64-knot Wind Speed
Probabilities (areal)

Mean Tree Height

Hours Before Arrival
of 34-Knot Winds

% Mobile Home
Residents

@ MAX_wsp50

@ -exposure_duration_50_34kt

MAX_wsp34
[ ] _Wsp.

@ MAX_wsp64

@ wsp_percent_50kt

@ wsp_percent_34kt

@ wsp_percent_64kt

tree_height_MeanTreeHeightm

@ 'eadtime_50_34kt

@®  EPL_MOBILE

Top 10 Most Important Features

® Hazard
Exposure
® Vulnerability

0.08 0.10
Feature Importance



Zeta

Extremely accurate predictions near landfall

Predicted Power Outages
AL282020 Advisory 10

Minimal Risk
Minor Risk
Moderate Risk
Major Risk
Catastrophic Risk

Actual Power Outages
AL282020 Advisory 10

I Minimal Risk
Minor Risk
Moderate Risk

I Major Risk

I Catastrophic Risk

I Note: The cone contains the probable path of the storm center but does not show
the size of the storm. Hazardous conditions can occur outside of the cone.
o ey

Hurricane Zeta

Monday October 26, 2020
10 PM CDT Advisory 10
NWS National Hurricane Center Movement NW at 13 mph

Potential track area: Watches: Warnings:

Current information: x Forecast positi H

Genter location 20.2 N 87.1 W @ Tropical Cyclone - QO Post/Potential TG
Maximum sustained wind 80 mph  Sustained winds: D <39 m

$39-73 mph H74-110 mph M> 110 mph

Current wind extent:

Day 13 €ER Dayas Hurricane  TropStm  [MHurricane MM Trop Stm  [MMHurricane | Trop Stm

NOAR

Categorical Prediction Accuracy

AL282020 Advisory 10

Over-predicted by 4

Over-pre )
Over-predicted by 1
Accurate
Under-predicted by 1
Under-predicted by 2
Bl Under-predicted by 3
EEl Under-predicted by 4
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i Mote: The cone contains the prabable path of the storm center but does not show @
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Predictions accurate even in New R

nday August Gentor location 320N 79.4 W
faximum sustained wind 70 mph mpt
Movement NNE at 16 mph 53973 410 mph M > 110 mph

NWS Nator
Potential track area:  Watches: Warnings: Current wind extent:
O\ EEZoayes  Huricane  Tropsim __ MMHurcano MMlTop Sim__ [llHuricane [ Trop Sm

Predicted Power Outages Actual Power Outages Categorical Prediction Accuracy
AL092020 Advisory 27 AL092020 Advisory 27 AL092020 Advisory 27

I Minimal Risk I Minimal Risk W Over-predicted by 4
Minor Risk Minor Risk B Over-predicted by 3
. . Over-predicted by 2
Moderate Risk Moderate Risk Over-predicted by 1

I Major Risk Y Il Major Risk Accurate
BN Catastrophic Risk (|} "f‘ BN Catastrophic Risk T, Under-predicted by 1
- ‘ Y Under-predicted by 2
‘a ] = -l BN Under-predicted by 3

I Under-predicted by 4




Beryl

Accurate predictions in Texas

Predicted Power Outages
AL022024 Advisory 31

Minimal Risk

Minor Risk
Moderate Risk
Major Risk
Catastrophic Risk &

Actual Power Outages
AL022024 Advisory 31

[ Minimal Risk
Minor Risk
Moderate Risk

I Major Risk

Il Catastrophic Risk &

Potential track area:
Day 13 EZX Day45

Categorical Prediction Accuracy
AL022024 Advisory 31

I Over-predicted by 4 r
W Over-predicted by 3 .‘-h "
Over-predicted by 2 ..
Over-predicted by 1
Accurate
Under-predicted by 1 _
Under-predicted by 2 r-(
B Under-predicted by 3

B under-predicted by 4



Predicted Power Outages

AL092022 Advisory 17

Elp

Minimal Risk

Minor Risk

Moderate Risk

Major Risk

Catastrophic Risk
[ .=
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Excels at first landfall, misses inland extent of second

Actual Power Outages
AL092022 Advisory 17

Hurricane lan Current Forecast positions:

e

y Sept

z 7W
5 AM EOT Advisory 17 Maximum sustained wind 125 mph ~ Sustained winds:
NWS National Hurricane Center Moy oh

2022 o T
5

<39 mph
vement N at 12 my 3973 mph H74-110 mph M > 110 mph)

Potential track area:

13 X Day 45

Watches: Warnings:
Huricane __Trop Storm ricane IETrop Siom

Minimal Risk
Minor Risk
Moderate Risk
Major Risk

Categorical Prediction Accuracy

AL092022 Advisory 17

Over-predicted by 4
Over-predicted by 3
Over-predicted by 2
Over-predicted by 1
Accurate
Under-predicted by 1
Under-predicted by 2
Under-predicted by 3 %
Under-predicted by 4




Helene

Excels im FL/GA, severe under-prediction in NC

Predicted Power Outages Actual Power Outages Categorical Prediction Accuracy
AL092024 Advisory 7 AL092024 Advisory 7 AL092024 Advisory 7

Minimal Risk Minimal Risk WM Over-predicted by 4
N over-predicted by 3

Minor Risk Minor Risk

X Over-predicted by 2
Moderate Risk Moderate Risk Over-predicted by 1
Major Risk Major Risk Accurate

Catastrophic Risk Catastrophic Risk Under-predicted by 1
Under-predicted by 2

Under-predicted by 3
Under-predicted by 4




“Only Hazards” Model "~

Distribution Comparison

Bl Actual
W Predicted

Exposure and vulnerability
variables removed: only hazard
variables included

R?:0.736 — 0.434

Exposure and vulnerability
variables are critical to
accurately assess location
and severity of power
outages.

0.4 0.6
Outage (%)




“Only Major/Catastrophic® Power Outages

- PROBLEM: Traming data largely “zero-inflated”: many inputs of 0% outage
- Difficult for model to accurately predict cases of severe outages

- SOLUTION: Ran model only including training data with a 30%t+ outage
- Will the model be able to predict the severity of major outages with

accuracy?

Yes! R?:0.879

- PITFALL: This modelis not applicable to any outage under 30%



" Power Outages \J

Top 10 Most Important Features

“Only Major/Catastrophic

@ EPL_MOBILE

1 . % MO b lle HO mec @ exposure_duration_50_34kt
Re S id e nt S tree_height_MeanTreeHeightm

2. Duration of 34-knot P —
Win d S @  pct_structures_1969

3 . Me an Tre e He ig ht @ exposure_duration 50_50kt

4. %Homes with Child
and Single Parent

. @ pct_structures_1979 ° )
5. % Households Built Hazard
Exposure

Between 1960-1969 @ g ® Vulnerability

@ wsp_percent_34kt

©®  EPL AGE6S




“Only Major/Catastrophic® Power Outages

Top 10 Most Important Features

10.

Duration of 50-knot
Winds

34-knot Wind
Probabilities

% Elderly Population
(65+)

% Households Built
Between 1970-1979

50-knot Wind
Probabilities

@ EPL_MOBILE

@ exposure_duration_50_34kt

tree_height_MeanTreeHeightm

@ EPL_SNGPNT

gs 1969

@ wsp_percent_34kt

EPL_AGE65

0.03

0.04
Feature Importance

® Hazard
Exposure
® Vulnerability
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Helene

Tropical Storm Helene Current information: x  Forecast positions:
Tuosday Soplember 24, 2024 Centerlocation 199N 855W  @Tiopical Cyclone. Q PostPotential TC.
10 PM COT Advisory 7 Maximum sustaind wind 60 mph  Sustaned winds: D <38 mon

NWS National Huricane Center Movement WNW at 10 moh 973 mph H74-110 mph M 110 mph)

Potential rack area: _ Watches: Wa Gurrent wind fied estimated
[E—— b Topsm I op S

Predicted Power Outages Actual Power Outages Categorical Prediction Accuracy
AL092024 Advisory 7 AL092024 Advisory 7 AL092024 Advisory 7

Minimal Risk Minimal Risk B Over-predicted by 4
N over-predicted by 3

Minor Risk Minor Risk

X Over-predicted by 2
Moderate Risk Moderate Risk Over-predicted by 1
Major Risk Major Risk Accurate

Catastrophic Risk Catastrophic Risk Under-predicted by 1
Under-predicted by 2
Under-predicted by 3
Under-predicted by 4




Helene (Severe Outage Model)

Improved predictions in NC/SC

Tropical Storm Helene Current information: x  Forecast positions:
Tuesday September 24, 2024 Genter localion 19.9 N 855 @Tropcal Cyclone - O PostPoteniial TC:
Maxi i ds: 5 moh

Current wind field estimate:}
» Tro

Predicted Power Outages Actual Power Outages Categorical Prediction Accuracy
AL092024 Advisory 7 AL092024 Advisory 7 AL092024 Advisory 7
BN Major Risk B Major Risk [—fprmrvnrtuds
W Catastrophic Aisk . - 7 W Catastrophic Risk Over prediclediy 3
- ) - : v pre ety 1




Time Accuracy of Product

Accuracy (R*2) of Prediction By Day Out

Accuracy between
the predicted &
actual values by
days before landfall

Model maintains
accuracy through
Day 4!



Communication: Heat Risk and Power Outages
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A Framework for the Future

- Modelcan be tailored to add new mmput/output variables
- Inputs: Elevation, Tree Species, Soil Moisture, Power Infrastructure
Data
- Outputs: Duration of Outages, Damage
- New Storm Data

- Accuracy and feature importance for different geographic regions of US

-  Areal-time internal tool at NHC

- Apply this model to US territories (Puerto Rico, Virgin Islands, etc.) and w

Carithlhean naftinnc
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Damaging winds best determine power outage severity

- Pay attention to when the NHC communicates this metric!

- Exposure/vulnerability metrics are critical to accurately assess risk

- Exposure/vulnerability metrics determine if a major outage will be
catastrophic

-  Know your local population and area!

- This product paves the way towards impact-based probabilistic forecasting
for IDSS
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