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WILDFIRE AND THE 
ELECTRIC GRID NEXUS

Goal 1: Mitigate grid caused wildfires

 Goal 2: Mitigate consequence from wildfire to grid
              and critical infrastructure



WILDFIRE IMPACTS

Soroush Vahedi, Junbo Zhao, Brian J. Pierre.

Key Wildfire Events in the U.S. (2014-2024). Data 

collected from the Annual National Climate Report (2014-

2023) by the National Centers for Environmental 

Information and the Wildland Fire Summary and Statistics 

Annual Report (2014-2023) by the National Interagency 

Coordination Center.

*this slide may not have the most up to date information.

Lawsuits: hundreds of millions for 
wildfire impacts. For example:
• 2017 Thomas Fire, 
• 2018 Camp Fire, 
• 2020 Archie Creek Fire,
• 2020 Zogg Fire,
• 2021 Dixie Fire.

• Impacts to society, property, and 
loss of life

• Damage to critical infrastructure
• Business impacts (utility business 

impacts)
• Supply chain impacts for 

replacement infrastructure 
• Insurance
• Lawsuits
• and much more

POC: Dr. Brian J. Pierre 3



WILDFIRE ELECTRIC GRID SECURITY PROGRAM

4POC: Dr. Brian J. Pierre



Sandia National Labs

Wildfire Electric Grid Security: 

Planning / Monitoring



ELECTRIC GRID IGNITED WILDFIRES

• Conditions and 
drivers that led 
to the ignition 
event.
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WILDFIRE RISK: NEW MEXICO
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Wind obviously has a major impact on wildfire risk, especially 
spread rate, which can often lead to the largest wildfires

GUSTS AND SUSTAINED WINDSPEED | NEW MEXICO 2023 DATA

Gusts Sustained



Vegetation Classification for Fire Spread Modeling 

▪ Increase the accuracy and reliability of fire spread models with 
On-the-fly fuel model generation from up-to-date satellite data.

Predicted Vegetation Coverage Pixel (inner circle) from 
ML model trained on BLM labelled data. Outer circle is 
an RGB stacked 10m satellite image representing a 
fraction of the model input.

Impact:

Approach:

Problem:
▪ Utilities require accurate up-to-date fire spread models to safely 

and efficiently distribute mitigation resources.
▪ Accurate modeling of wildfire spread requires detailed and up-to-

date input data on the vegetation conditions such as amount of 
biomass, vegetation cover type and flammability characteristics. 

▪ Leverage machine learning (ML) with frequent revisit multiband 
satellite imagery to predict vegetation coverage for accurate up-
to-date fuel model generation.

▪ ML model down-selection and optimization.
▪ Run fire spread simulations against historic wildfires to validate 

fuel model generation.

POC: Dr. Michelle Bester, Tomas Moore 9



1. Data-driven Dynamic Wildfire Risk Maps 

• Satellite imagery, dynamic accurate ML-derived vegetation 
characterization, weather station data

• Wildfire spread modeling

3.  Optimized Vegetation and Resiliency Treatments to 
Reduce Wildfire Threat

Dynamic Wildfire Risk

2.  Dynamic Monitoring for Grid Vulnerability to Fire

• Wildfire risk – electric grid impacts, possible cascading failure.

POC: Dr. Michelle Bester, Dr. Jubair Yusuf, Dr. Lauren Wheeler

WILDFIRE MODELING
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Raw Point Cloud

Pre-processing 
Point Cloud

Canopy Base Height (m)

Filter Ground 
Points

Create Normailized Di
gital Elevation 
Model (nDEM)

Remove Outliers

Canopy Height (m)

Canopy Cover (%)

CBH

Avg Max Height = 

Avg Max Pixel Height – Avg 

ground (DSM) height

AI-derived vegetation characterization 
from satellite imagery

Multi-Objective 
Optimization

Field measurements 
as ground truth 
data for AI training



Future Burn Probability: Next Fire Season Impacts to Electric Grid

▪ Forecasting wildfire risk for the upcoming fire season increasing 
preparation and enables fast response in the event of a wildfire

▪ Partnering with utilities, USFS, and companies to beta-test the 
tool and align with utility operator needs

Burn Probability: Mapped burn probability for the 
United States mapped in 2022 by the USFS. 

Impact:

Approach:

Problem:
▪ Utilities need to plan months in advance 
▪ Fire weather and burn probability forecasts are often short term 

(next 7-days), there is a need for mid-term (months ahead) 
forecasts

▪ Use machine learning methodology with satellite imagery and 
field data to predict vegetation growth 6 months ahead

▪ Downscale seasonal forecasts
▪ Run WRF-SFIRE fire simulations with long-term weather forecast 

data and forecasted vegetation data
▪ Ensemble runs and overlay with GIS data of electric grid assets
▪ Back-test on historic fire seasons

POC: Dr. Laura Wheeler, Dr. Michelle Bester 11



PUBLIC SAFETY POWER SHUTOFF (PSPS) OPTIMIZATION FOR 
WILDFIRE RESILIENT GRID OPERATION

Problem: It is challenging to achieve both safety from 

wildfire and reduce the number of customers impacted by 

PSPS. PSPS action may severely impact critical loads and 

leave the grid network vulnerable to additional contingencies 

in post-PSPS periods.

Approach: 

• Development of optimization models to minimize load-

shedding and impact on customers without compromising 

wildfire risk 

• Ensuring more critical loads getting served in PSPS events

• Leveraging the PSPS forecasts to complement the 

optimization model and help utilities select the best PSPS 

strategy. 

Expected outcome and impact: 

• Assist utilities in identifying optimal deployment of PSPS, 

to minimize wildfire risk, maximizing service to customers 

especially critical loads, and minimizing the impact to the 

bulk electric grid security (e.g. a “weakened” state possibly 

leading to cascading outages). 

Investigating the best strategies for PSPS operations by combining optimization models and data-driven PSPS forecasts  

More 
Targeted 
Approach 
for PSPS

Minimizing 
Wildfire Risk

Maximizing 
Load Delivery

Quantification of 
Combined Risks

POC: Dr. Jubair Yusuf 12
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▪ Provide decision makers with an 
interactive map which shows fire risk and 
then allows the user to run mitigation 
scenarios based on user input 
management objectives.

POC: Phill Kay

Impact:

Approach:

Problem:
▪ Assessing current conditions and risk is 

critical to avoid electric-equipment 
started fires and to be prepared for 
encroaching wildfire.

▪ Leveraging previous R&D investments at 
Sandia National Labs, we will use 
machine learning algorithms trained on 
satellite imagery and weather station 
data to determine wildfire risk and 
mitigation effectiveness.​

▪ Data models include:
▪ Dynamic utility wildfire risk maps
▪ Burn Probability
▪ Red Flag Warning
▪ Customizable Public Safety Power 

Shutoff (PSPS) calculator
▪ Contingency Analysis
▪ Mitigation Scenarios / Solutions

PyroKit: Wildfire Risk and Mitigation Planning Tool

POC: Phil Kay 13



WILDFIRE TOOLS

S. Vahedi, J. Zhao, B. Pierre, et. al., “Wildfire and power grid nexus in a 
changing climate,” Nature Reviews Electrical Engineering, March 2025. 

▪ Many tools to be aware of to assist in 

wildfire modeling, characterizing wildfire 

risk, spread modeling, forecasting, 

wildfire behavior analysis.

▪ Examples of other lab risk tools:

▪ RADR-Fire (PNNL)

▪ AHA (INL)

▪ WildfireGPT (ANL)

▪ Wildfire Tool Inventory and 

Evaluation (EPRI)



Sandia National Labs

Wildfire Electric Grid Security: 

Ignition / During Wildfire



POC: Dr. Julia Tilles

1. First principles of wildfire ignition by lightning

• Better understand probability of lightning ignition given different 
situations to inform wildfire response. 

• Create an experimentally-driven computational model to understand 
the predictability of lightning-ignited fire using Sandia’s lightning 
strike lab capabilities for testing. 

2. Novel lightning monitoring of critical assets for wildfire 
risk assessment

• Develop a novel lightning monitoring system that provides 
total lightning current (and energy), to predict ignition by 
lightning. 

LIGHTNING MODELING
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ARC MODELING

Insulator Flashover from Wildfire Contaminants

• High voltage breakdown testing of clean vs. contaminated/aged insulators

• Define risk metrics for contamination and aging at which point risk of failure / faults increase

• Develop failure thresholds and tracking criteria (working with wildfire propagation projects at 
Sandia) that can be used for grid health predictions in response to wildfires.

Nuclear Energy

“There was a failure of the main contacts of a 25 year 
old 4.16 kV breaker to close fully, causing a HEAF 
event… the fire persisted for three hours until water 
was applied.” ~San Onofre Nuclear Generating Station

POC: Dr. Julia Tilles, Dr. Kenneth Armijo, Dr. Alex Brown

• Testing arc probabilities

• Testing arc ignition 
probabilities
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LEVERAGE IGNITION MODELING FROM OTHER SOURCES

• Identified missing physics in most existing 
models:
• Wind effects on ignition
• Geometry effects on ignition
• Effect of scale on ignition

POC: Dr. Kenneth Armijo, Dr. Alex Brown

5-year testing campaign, conducted high-
flux exposures at Sandia National Thermal 
Test Facility. 

Leveraging ignition models from other 
sources. 



Protective Relaying To Reduce Wildfire Risks and Possibly 
Reduce Public Safety Power Shutoff (PSPS) Events 

• New power system protection methods and 
new technologies can reduce wildfire grid 
ignitions significantly. 

• Sandia protective relaying R&D efforts to 
significantly reduce future wildfire risks

Protection Planning for Faults

1. Rapid Earth Current Fire Limiter (RECFL)

Preemptive Protection Response

2. Adaptive Settings – Fast Sensitive Trip, No Reclose

3. Incipient Failure Detection

Fast Fault Clearing

4. AI-Based Traveling Wave Relay

5. Communication-Assisted Fast Protection

POC: Dr. Matthew Reno 19



AI-BASED TRAVELING WAVE PROTECTION SCHEME FOR 
DISTRIBUTION SYSTEMS

POC: Miguel Jimenez Aparicio and Dr. Matthew Reno

Conventional protection

> 400 kHz 
sampling rate

Advanced signal-processing 
and feature creation

Machine-
Learning model

1.4 ms operation time

<15.36 kHz 
sampling rate

Measurements’ processing and 
protection functions’ calculation Trip logic

>16.66 ms operation time

Often much greater (100ms+)

Wildfire ignition 
risk decrease!

Trained on past faults 
and simulated faults

Fast, AI data-driven protection

Use fast fault location to quickly detect and isolate an incident before it leads to a wildfire

Problem: The potential for fire ignition is proportional to the duration of the arc, and current protection 
schemes generally take around 100 milliseconds to a second to operate

Solution:

• Develop fast, local, bi-directional, data-driven fault detection and location schemes for distribution 
systems, including DER high-penetrations, that operate in less than 2 milliseconds

• Use high-frequency (1 MHz) traveling wave methods combined with physics-informed Artificial 
Intelligence can learn correlations to determine the fault location – Ability to detect fault location in the 
distribution system within 100 meters

20



AI-BASED PROTECTION – TECHNOLOGY VALIDATION EFFORTS 
AND DEMONSTRATIONS

Link to YouTube 
demonstration 
video:

Kirtland Air Force Base, Albuquerque, NM (2023) Portales, NM (2024-2025)

Risks/challenges to investigate: 
• Integration with MV commercial sensors
• Impacts of system model accuracy

POC: Miguel Jimenez Aparicio 21

https://www.youtube.com/watch?v=pLtGcPc5hyo


SMOKE MODELING

POC: Dr. Dan Krofcheck and Dr. Joe Crockett

• Developed a coupled landscape, 
weather, wildfire, smoke 
modeling platform. 

• Wide-scale future smoke impact 
across the U.S. (plum modeling).

• Help forecast future smoke 
impact to energy systems, 
primarily solar power. 

• Smoke impact to military 
installation mission assurance.
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Custom WRF-Fire code and LANDIS-II 
running on Sandia HPC environments 

Smoke plumes from many major fires 
simulated 
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Project SMOKEWISE



Decision making for Public Safety Power Shutoffs and Evacuations.

Design choices, visualizations, impact decision making. How should data be presented to a grid operator to make 
the optimal decisions. 

POC: Dr. Laura Matzen 23

VISUALIZING UNCERTAINTY: PSPS AND EVACUATION

State uncertainty is uncertainty about the current or 
future state of some phenomenon

• Very common in weather forecasts, hazard maps, AI/ML 
outputs

  

Humans are notoriously bad at understanding state 
uncertainty and probability

• Prior research suggests that different representations of 
uncertainty can lead to different patterns of decisions, 
but we don’t yet know when and why this happens.

Grid operations (and modeling) involve complex, 
heterogeneous, uncertain information

• How should that data be presented to support optimal 
decision making?

Wildfire evacuation decision dependent on how the 
information is presented

23



THESE CHOICES MATTER

POC: Dr. Laura Matzen 24

New Mexico wildfire 
evacuation material 
from long ago.



Sandia National Labs

Wildfire Electric Grid Security: 

Recovery / Post Wildfire



POC: Ross Guttromson and Dr. Brent Austgen

Problem: Electrical outage time due to wildfires needs to be 
minimized.

Approach: Today, linemen are frequently stationed in areas 
affected by wildfires.  They await safety approval to access 
damaged areas and then they proceed to assess and repair the 
affect grid infrastructure. 

Expected outcome and impact: In partnership with PNM/SCE, 

this approach will manage key information that can accelerate grid 

recovery

• Document existing capabilities

• Created an optimization method enabling an accelerated 

recovery decision process

Figure: Optimal Recovery of 
Wildfires for Electric Utilities 

Load Restoration
  Residential
  Commercial

  Industrial

Emergency 
Services

Safety and 
Repair Crews

Fire
Crews

Electric Dispatch & 
Topology 
Configuration

Multi-Period
Mixed Integer
Optimization

System Recovery
  Transmission

Distribution
Adequacy/Reliability

ACCELERATED GRID RECOVERY POST WILDFIRE 
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FlamMap fire 
progression coupled 
with grid and 
transportation 
infrastructure
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https://energy.sandia.gov/programs/electric-grid/wildfire-electric-grid-resilience/ 

https://energy.sandia.gov/programs/electric-grid/wildfire-electric-grid-resilience/
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