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Vision 
To be a world leader in advancing 
science and technology solutions 
for a clean energy future

Mission
Advancing safe, reliable, affordable, and 
clean energy for society through global 
collaboration, science and technology 
innovation, and applied research.

Together…Shaping the Future of Energy® 

Who We Are
Founded in 1972, the Electric Power Research Institute (EPRI) is 

the world's preeminent independent, non-profit energy research 
and development organization, with offices around the world.

Our Experts
EPRI’s trusted experts collaborate with more than 
450 companies in 45 countries, driving innovation 
to ensure the public has clean, safe, reliable, 
affordable, and equitable access to electricity across 
the globe..
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EPRI Spans the Entire Electric Industry
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Market Transformation/
Policy/Regulatory Education

Low-Carbon 
Resources
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Decarbonization

Accelerate 
economy-wide, low-
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Transformation

Drive affordability of a clean and 
resilient energy system through 
digital transformation and 
power system modernization

Decarbonization

Accelerate 
economy-wide, low-
carbon solutions

Net-zero clean 
energy system

Resiliency

Mitigate climate 
impacts and 
cyber/physical risks

Future proof energy 
system design basis
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Transformation

Drive affordability of a clean and 
resilient energy system through 
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power system modernization
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Meteorological vs Power System Extremes

Defining and Quantifying “Extreme” Events
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Climatological/Meteorological Extreme Events

Derived from climate data or model simulations, or observations

Defined relative to climatology (30-year period)

Probabilistic in nature (characterized by return periods)

May exhibit long-term changes due to climate change

Characterized for one variable or caused by a variety of extreme events

Acute event vs chronic hazards | Extremes – Variability – Volatility 

Can be location specific
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Power System Extremes 

Climatological extremes can provide initial insight, may overlap with or differ from extreme operating conditions.

Need additional information from asset managers, engineers, system operators to understand what may be 
considered “extreme operating conditions for power system assets or components”.

Define performance thresholds relative to the operating characteristics of assets/system

Can be location- and asset specific

What is considered extreme may change through the adoption of new technology or operating 
methods (and climate change)

Can be caused by internal equipment failure, malfunctions, supply shortages, human error, manmade attacks…

Goal: ensure that power system assets can maintain adequate operations or ensure rapid recovery
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Meteorological vs Power System Extremes - Examples

Changes in extreme events are likely to be more impactful than changes in average conditions

Temperature 
Extremes

Precipitation Extremes Wind Extremes

Climatological 
extremes

Power system 
extremes
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Meteorological vs Power System Extremes - Examples

Changes in extreme events are likely to be more impactful than changes in average conditions

Temperature 
Extremes

Precipitation Extremes Wind Extremes

historical 99th percentile 
of summer daily high

Distribution 
transformers are at risk 
of failure if subjected to 
2-3 consecutive days of 
> 40 C

Climatological 
extremes

Power system 
extremes
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Meteorological vs Power System Extremes - Examples

Changes in extreme events are likely to be more impactful than changes in average conditions

Temperature 
Extremes

Precipitation Extremes Wind Extremes

historical 99th percentile 
of summer daily high

100-year rainfall / 13 mm in a 
day

Distribution 
transformers are at risk 
of failure if subjected to 
2-3 consecutive days of 
> 40 C
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if submerged in floods. 
Severity of flood impact 
depends on the 
elevation/waterproofing of 
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Meteorological vs Power System Extremes - Examples

Changes in extreme events are likely to be more impactful than changes in average conditions

Temperature 
Extremes

Precipitation Extremes Wind Extremes

historical 99th percentile 
of summer daily high

100-year rainfall / 13 mm in a 
day

hurricanes, 
thunderstorms, 
derechos, gusts

Distribution 
transformers are at risk 
of failure if subjected to 
2-3 consecutive days of 
> 40 C

Sensitive electronics can fail 
if submerged in floods. 
Severity of flood impact 
depends on the 
elevation/waterproofing of 
equipment.

Extreme wind gusts 
damaging power lines, 
which in turn can 
cause wildfires; 
turbines unable to 
operate > 25 m/s

Climatological 
extremes

Power system 
extremes
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1

An extreme’s 
primary 

characteristic is the 
absolute 

magnitude, also 
called intensity

(max or average)

Magnitude/
Intensity

2

The persistence or 
temporal extent of 

an extreme is 
relevant for 

impact 
assessment

Duration

3

How often an 
extreme is expected, 

or the inverse of 
P(occurrence)

1-in-50 years = 
98th pctl = 2%

Frequency

5

Extremes extending 
into shoulder 
seasons when 

generators 
unavailable due to 

scheduled 
maintenance

Seasonality

4

Extreme events vary 
by spatial extent with 

impacts across 
geographic and   

electrical boundaries

Regionality

6

Beyond temperature, 
other variables of 

impact include 
humidity, wind, solar, 

drought, etc.

Compound 
Hazards

7

Other details that 
drive  extreme 

event 
consequences 

include demand, 
societal factors, etc. 

Consequence

Extreme events can be defined along multiple characteristics

What qualifies as an appropriate extreme event? Attributes can become criteria.
Choice of approach should reflect the specific purpose and context of the categorization.
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How extreme an event is depends on how you define it

The “worst” year depends on how you define it! 

IPCO Ranking of “bad” dark doldrum years

In many cases, a grey box means the 
definition does not apply (e.g., there are 
zero instances of consecutive-day events)

For this chart, consecutive day events 
use the 25th percentile threshold 1970

1960
1980

2020
2010

2000
1990

Severity Ranking
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Risk Screening Tool
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Selecting extreme events is not always straightforward

“R2. Each responsible entity shall select one extreme heat benchmark event and extreme 
cold benchmark event for performing Extreme Temperature Assessments from the 

approved benchmark library maintained by the ERO.”

A B C        D

 Consider four 1-in-50-year extreme heat events in Texas that differ depending on criteria 
around duration (3 vs 10 days) and spatial extent (city vs state):
A) 10-day statewide average temps

B) 10-day average temps of a single city

C) 3-day statewide average temps

D) 3-day average temps of a single city

How do we evaluate which event poses the highest risk 
to the power system?



© 2024 Electric Power Research Institute, Inc. All rights reserved.19

Selecting extreme events is not always straightforward

“R2. Each responsible entity shall select one extreme heat benchmark event and extreme 
cold benchmark event for performing Extreme Temperature Assessments from the 

approved benchmark library maintained by the ERO.”

A B C        D

 Consider four 1-in-50-year extreme heat events in Texas that differ depending on criteria 
around duration (3 vs 10 days) and spatial extent (city vs state):
A) 10-day statewide average temps

B) 10-day average temps of a single city

C) 3-day statewide average temps

D) 3-day average temps of a single city

How do we evaluate which event poses the highest risk 
to the power system?

We need information beyond the weather itself
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Selecting extreme events is not always straightforward

“R2. Each responsible entity shall select one extreme heat benchmark event and extreme 
cold benchmark event for performing Extreme Temperature Assessments from the 

approved benchmark library maintained by the ERO.”

A B C        D

 Consider four candidate 1-in-50 year extreme heat events in Texas that differ depending on 
criteria around duration (3 vs 10 days) and spatial extent (city vs state):
A) 10-day statewide average temps

B) 10-day average temps of a single city

C) 3-day statewide average temps

D) 3-day average temps of a single city

How do we evaluate which event poses the highest risk 
to the power system?

Which assets are 
present in the system 

when these events 
occur? Might they 
suffer performance 
impacts from high 

temperatures? 

We need information beyond the weather itself
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Selecting extreme events is not always straightforward

“R2. Each responsible entity shall select one extreme heat benchmark event and extreme 
cold benchmark event for performing Extreme Temperature Assessments from the 

approved benchmark library maintained by the ERO.”

A B C        D

 Consider four candidate 1-in-50 year extreme heat events in Texas that differ depending on 
criteria around duration (3 vs 10 days) and spatial extent (city vs state):
A) 10-day statewide average temps

B) 10-day average temps of a single city

C) 3-day statewide average temps

D) 3-day average temps of a single city

How do we evaluate which event poses the highest risk 
to the power system?

Which assets are 
present in the system 

when these events 
occur? Might they 
suffer performance 
impacts from high 

temperatures? 

What is the state of 
other weather 

variables? Is the wind 
blowing? Is it cloudy? 

Is it humid? 

How sensitive are 
electricity demands 

to these weather 
conditions, in space 

and in time? 

We need information beyond the weather itself
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Sector/Group 
Title
Here

1. Take a large amount of climate data and pass it through fast, 
approximate models of asset vulnerabilities to identify high-stress 
grid conditions: high loads and high likelihood of generator 
unavailability

2. Identify key time periods and/or conditions for more detailed 
downstream modeling or as scenario inputs for planning studies

RiSc Tool: Combine weather, asset vulnerability, and demand information 
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Pass Weather Data through Asset Vulnerability Functions

Goal: Define asset vulnerability matrix and derating factors as a function of weather variables

Asset Vulnerability

Note: These are generic examples; Specific asset vulnerabilities may be dependent on the region of study and design standards. 

Resource Type Weather 
Variable 1 Threshold 1 Weather 

Variable 2 Threshold 2 Derating Event

Onshore Wind
Temperature < 32 F Precipitation > 0 in 90% Blade Icing

Wind Speed > 25 m/s 100% Cutoff Speed

           Gas CC Temperature > 105 F Temperature < 123 F 18% Temp Derate
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Pass Weather Data through Asset Vulnerability Functions

Asset Vulnerability Electricity Demand

Electricity demand estimates incorporate:
• Local weather sensitivity
• Future technology adoption
• Energy efficiency improvements
• Temporal correlations
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Risk Screening Tool: Moving from Weather to System Stress 

Sector/Group 
Title
Here

Large Weather 
Dataset

Asset 
Vulnerability 

Functions

Load 
Projections

Identification of High-
Stress Operating Periods

Simplified representation of synchronous meteorology 
(temperature, wind, solar, etc.)

Asset Vulnerability Electricity Demand

Can quickly screen for changing risks based on:
– New system buildouts
– Addition of adaptation measures
– Different climate data inputs
– Adjusted asset vulnerability functions
– New load assumptions
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2035 Baseline – Winter Case 2050 Baseline-  Winter Case
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Average min temperature: 11FAverage min temperature: 9F

A
va

ila
bl

e 
su

pp
ly

 [M
W

]

A
va

ila
bl

e 
su

pp
ly

 [M
W

]

With awareness of system risk and potential to invest in hardening 
options we can be significantly more resilient
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Understanding system risks: Dec 1989 versus Dec 1983

Peak Generation Out:~50%
(50 GW out of 101GW total 
installed capacity)

3-day cold-snap
5-day cold-snap

Peak Generation Out:~48%
(48.5GW out of 101GW total 
installed capacity)
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December 1989 December 1983
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Identification of 
extreme events 

is important 
when planning 
for a resilient 
power system

RiSc is an effective 
tool to navigate 

large amounts of 
climate data, 

connect it to the 
asset 

vulnerabilities, and 
find periods of 

highest system risk

RiSc Tool is 
open-source 
available at 

https://github.c
om/epri-dev/Ris

k-Screening-
Tool/

Key Takeaways
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TOGETHER…SHAPING THE FUTURE OF ENERGY®

cdraxl@epri.com
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