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https://cbsaustin.com/news/nation-world/power-outage-leaves-several-blocks-in-the-dark-in-manhattan

Dangerous !



Is it possible to predict the 
loca tion / severity of pow er outages

prior to a  TC lan dfa ll?

Metric
% of cus tomers  who lose power in the 120 hours  following a forecas t time, 

county level

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



HEV Framework (IPCC)

Exposure

Risk

Phys ical Risk of Actual 
Danger
(Meteorological Metrics )

- Wind Speed
- Rainfall
- Storm Surge

Susceptibility to 
Damage

- Mobile Homes
- Poverty

Who/What is  a t Risk
- Population
- Tree Cover

Hazard
x         Exposure
x    Vulnerability

Risk



Input Variables

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

Household Age

Median Household Income

GDP

Rural/Urban Characteris tics

Exposure

Population

Population Dens ity

Number of Bus ines ses

Total Length of Roads

Total Length of Transmis s ion Lines

Dominant Land Cover Type

Median Tree Canopy Cover

Average Tree Canopy Height

Vulnerabilit
y



Compiling Training Data

36 tropical cyclones  landfalling in the 
contiguous  US 2020-2024.

Gathered hazard data for each forecas t 
advisory by county.

Source Method

Helene Advisory 14 
34-kt WSP



“All Storms” Model Results

R2: 0.739



“All Storms” Model Results

1. 50-knot Wind 
Probabilities  (point)

2. Duration of 34-knot 
Winds

3. 34-knot Wind 
Probabilities  (point)

4. 64-knot Wind 
Probabilities  (point)

5. 50-knot Wind 
Probabilities  (areal)
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“All Storms” Model Results

34-knot Wind Speed 
Probabilities  (areal)

64-knot Wind Speed 
Probabilities  (areal)

Mean Tree Height

Hours  Before Arrival 
of 34-Knot Winds

% Mobile Home 
Res idents
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Zeta
Extremely accurate predictions  near landfall



Isaias
Predictions  accurate even in New 
England



Beryl
Accurate predictions  in Texas



Ian
Excels  at firs t landfall, mis ses  inland extent of s econd



Helene
Excels  in FL/GA, s evere under-prediction in NC



“Only Hazards” Model

R2: 0.736 → 0.434

Exposure and vulnerability 
variables  are critical to 

accurately as ses s  location 
and s everity of power 

outages .

Exposure and vulnerability 
variables  removed: only hazard 

variables  included



“Only Major/Catastrophic” Power Outages

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

R2: 0.879

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

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

accuracy?

Yes !



“Only Major/Catastrophic” Power Outages

1. % Mobile Home 
Res idents

2. Duration of 34-knot 
Winds

3. Mean Tree Height

4. % Homes  with Child 
and Single Parent

5. % Households  Built 
Between 1960-1969
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“Only Major/Catastrophic” Power Outages

Duration of 50-knot 
Winds

34-knot Wind 
Probabilities

% Elderly Population 
(65+)

% Households  Built 
Between 1970-1979

50-knot Wind 
Probabilities
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Helene



Helene (Severe Outage Model)
Improved predictions  in NC/SC



Time Accuracy of Product

- Accuracy between 
the predicted & 
actual values  by 
days  before landfall

- Model maintains  
accuracy through 
Day 4!



Communication: Heat Risk and Power Outages



A Framework for the Future

- Model can be tailored to add new input/output variables

- Inputs : Elevation, Tree Species , Soil Mois ture, Power Infras tructure 

Data

- Outputs : Duration of Outages , Damage

- New Storm Data

- Accuracy and feature importance for different geographic regions of US

- A real-time internal tool at NHC

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

Caribbean nations



Takeaways

- Damaging winds bes t determine power outage s everity

- Pay attention to when the NHC communicates  this  metric!

- Exposure/vulnerability metrics are critical to accurately as ses s  risk

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

- Know your local population and area!

- This  product paves  the way towards  impact-based probabilis tic forecas ting 
for IDSS
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