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Why is it a High
Impact Problem

Vulnerable populations

(elderly, medical patients)

rely on power for life-saving

devices (e.g., ventilators).

[Ref: Greenwald et al., 2004, Apenteng et al., 2018]

Businesses lose billions of

dollars annually in the U.S.

due to outages.

[Ref: Macmillan et al., 2023]

Emergency responders rely on

electricity for communication

and coordination.

[Ref: Adhikari et al., 2017]

Public
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Amongst many others.............



Paper 1:

Grid cell Based Model failed and Zip-Code based model was

employed instead

The model’s applicability is limited as it includes company

and hurricane indicator variables, restricting its use to the

specific cases studied.

Observations

Pseudo-R^2 (Deviance-based): 78% (ZIp-Code)

                                                              48% (Grid Cell)

Performance 

The model was developed using outage data from

only three hurricanes.

The study focuses on permanent faults and does

not account for transient faults.

The accuracy of the model is affected by missing

details about factors like recent tree trimming, and

other environmental variables.

Limitations

Used a Negative Binomial Regression model to

analyze power outages caused by hurricanes

Methodology

Negative Binomial Regression for
Hurricane-Induced Power Outages

Liu, Haibin & Davidson, Rachel & Rosowsky, David & Stedinger, Jery. (2005). Negative Binomial

Regression of Electric Power Outages in Hurricanes. Journal of Infrastructure Systems - J

INFRASTRUCT SYST. 11. 10.1061/(ASCE)1076-0342(2005)11:4(258). 



Paper 2:

Fills gaps using AR(1) and Gaussian filtering.

Differentiates storm types for tailored variable selection.

Captures complex interactions among weather, vegetation,

and infrastructure.

24-hour forecasts align strongly with historical data.

Observations

Using a fixed 2‑km grid might not capture localized

variations in weather and vegetation properly.

Limitations

High-res WRF forecasts, satellite LAI, land cover,

and utility data on a unified 2‑km grid.

Multiple models (DT, GBM, RF, ENS, BART) with

PCA for dimensionality reduction.

Methodology

Predicting Storm Outages Through
New Representations of Weather

and Vegetation

D. Cerrai et al., "Predicting Storm Outages Through New Representations of

Weather and Vegetation," in IEEE Access, vol. 7, pp. 29639-29654, 2019, doi:

10.1109/ACCESS.2019.2902558.



Paper 3:

Ensemble Model worked way better than the first 2

architectures

Dempster-Shafer theory (DST) was used for Reasoning and

used to find Pignistic Probabilities

Observations

Performance 

 Pignistic Probability show large differences for

different Classifiers resulting in less trust

Limitations

Developed a WoutPS (Weather Outage Prediction System)

using and Ensemble Model with multiple prediction models

Methodology

Predicting Weather-related Power Outages
in Distribution Grid

Y. Kor, M. Z. Reformat and P. Musilek, "Predicting Weather-related Power Outages in

Distribution Grid," 2020 IEEE Power & Energy Society General Meeting (PESGM), Montreal, QC,

Canada, 2020, pp. 1-5, doi: 10.1109/PESGM41954.2020.9281829.



Gap

The existing Models have demonstrated reasonably good forecasting with the outage

prediction model (OPM). 

But they still struggle with misclassification of moderate and low-severity storms. 

Our project has addressed this gap by refining storm classification methodologies to

improve classification for moderate and low-severity storms as well. 

Even lower/modern-severity storms can cause outages, affecting communities, businesses,

and emergency services.

F. Yang, P. Watson, M. Koukoula and E. N. Anagnostou, "Enhancing Weather-Related Power Outage

Prediction by Event Severity Classification," 

Paper 2



EAGLE-I Dataset

10 Years (2014-2023) 3044 of 3222 Counties 15 Minute Intervals

The dataset consists of county-level electricity outage records in the United States from 2014 to 2023. It provides outage

estimates at 15-minute intervals, covering 92% of electricity customers across all 50 U.S. states by 2023. It makes it the most

comprehensive publicly available record of U.S. electricity outages. The data was compiled as part of the EAGLE-I (Environment

for Analysis of Geo-Located Energy Information) project, a GIS-based platform developed by Oak Ridge National Laboratory

(ORNL).

Web scraping of publicly

available outage reports from

over 456 U.S. electrical utilities.

Automated parsers extracting

data from utility websites every

15 minutes.

The dataset only includes

aggregated county-level

data, not individual

household or customer

details.

Not all utilities report outages,

so coverage is not 100% 

A Data Quality Index (DQI) was

developed by them to assess

coverage completeness and

accuracy across FEMA regions.

How they collected: Privacy and Security: Data Accuracy and Bias:

Granularity: Coverage:Time Period:



This Dataset consists records of all

Storm related events and has the

following columns :

NOAA Dataset

1.The occurrence of storms and other significant

weather phenomena having sufficient intensity

to cause loss of life, injuries, significant property

damage, and/or disruption to commerce;

2.Rare, unusual, weather phenomena that

generate media attention, such as snow flurries

in South Florida or the San Diego coastal area

3.Other significant meteorological events, such as

record maximum or minimum temperatures or

precipitation that occur in connection with

another event.

Documents

Time Period:

74 Years (1950-2023)

We are using only 10 years

(2014-2023)



PRISM Climate Dataset

43 Years (1981-2023)
We are using only 10 years

(2014-2023)

All Counties Daily Data

The PRISM dataset provides high-resolution, county-level climate data across the United States, developed by the PRISM

Climate Group at Oregon State University. Data that we are using includes daily estimates of key meteorological variables such

as minimum temperature (tmin), maximum temperature (tmax), average temperature (tavg), precipitation (ppt), and stability

indices. Covering the period from 1981 to the present, the dataset integrates ground-based observations, satellite data, and

topographic information using sophisticated interpolation techniques. 

Gridded climate data generated using

advanced spatial climate modeling

techniques.

Daily values are available at a ~4 km

resolution and aggregated to the

county level.

The dataset contains only

aggregated geospatial and

meteorological data, no

personal, household, or

identifiable customer data is

included.

Uses statistical models to correct

for topographic and geographic

biases in climate data

Applies rigorous quality control and

weighting of weather station data to

reduce errors and ensure reliable

interpolation

How they collected: Privacy and Security: Data Accuracy and Bias:

Granularity: Coverage:Time Period:



Feature Preprocessing & Selection

1.Cleaned up the data:
Removing redundant features

One hot encoding

Fixing date time

Converting to same time zone

Fixing data types

(...and more)

2. Added a new feature of duration (by subtracting end and

start time)

3. Merging the three datasets based on location and time

Red = Removed

Green = Imputed



1.A RandomForestRegressor was

trained on relevant features to

predict missing 'MAGNITUDE'

values. 

2.Then, a RandomForestClassifier

used the imputed or existing

magnitudes to infer missing

'MAGNITUDE_TYPE'. 

3.The imputed values were added

back to the original dataset for

further analysis.

1.We preprocessed the description

column by converting text to

lowercase and removing non-

alphabetic characters.

2.We tokenized the cleaned text and

removed common English

stopwords.

3.  Lemmatization was applied to

reduce words to their base form.

4.  The cleaned tokens were joined

back into a string and saved as

desc_clean.

Magnitude Imputation 1-Hour Time LagNLP Integration

Feature Preprocessing & Selection

1.The dataset is lagged by 1

hour to capture immediate

precursors of storm events.

2.  For each storm, it selects

the nearest climate record

occurring after a 1-hour

delay.



Overview of ML Methodology

Key Features:
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