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Extreme Event Research

Context  

Large blackouts that disconnect electrical power to 
substantial portions of California are infrequent but very 
costly “extreme events” to the general public and 
businesses. A small initial power system disturbance 
can cascade into a complicated chain of dependent 
failures leading to a widespread blackout, such as 
occurred on August 10, 1996. This blackout started in 
the Northwest USA and spread by cascading to 
disconnect power to about 7,500,000 customers, 
including millions of customers in both Northern and 
Southern California. Although such extreme events are 
infrequent, the direct cost of the resulting losses is 
estimated to be in the billions of dollars, disrupting 
commerce and vital infrastructure. These costs do not 
include indirect costs resulting from socio-economic 
disruptions.  

Risk assessment methods that have been traditionally 
applied are entirely inadequate to recognize the 
interactions and dependencies that can lead to extreme 
consequences (a.k.a. an extreme event). There is a need 
for innovative methods to assess risks that result from 
the dynamic interactions of disturbances on the western 
transmission grid in a manner that allows grid operators 
to avoid the consequences of cascading outages – 
through appropriate planning and allocation of capital 
and maintenance expenditures as well as guidelines for 
operational procedures. 

Goals and Objectives 

The goal of the research is to advance methods for 
simulation, analysis and mitigation of extreme event 
blackout risk. Large blackouts pose a substantial risk 
that must be mitigated to maintain the high overall 
reliability of the electric power grid. However, detailed 
analysis of every possible variation of cascading 
sequence is not possible even with the fastest 
conceivable computers. New approaches are required to 
make aspects of the problem tractable. The expected 
overall outcome of the project is a better understanding 
of large blackouts and to develop approaches to 
quantifying, mitigating and managing blackout risk 
from extreme events. 

Description  

A joint industry, national laboratory, and university 
team will address the challenges of extreme events by a 
combination of deterministic and stochastic modeling, 

simulation and analysis, using industry and research 
grade software designed to advance the state of the art. 
Risk assessment methodologies will be extended to 
realistic case studies within California. 

This project will develop reduced bus models for the 
WECC and California. Validation of these models in the 
study of cascading events will enable faster analysis of 
risk. These models will be applied to simulate the 
sequence of events when there are one or several initial 
disturbances in the power system and to test the concept 
of critical corridors. Another approach will examine 
historical data on blackouts, analyze the blackout events 
statistically, study the grid as an evolving complex 
system, and determine how the structure of the grid 
connections influences the cascades. 

Testing and comparing multiple approaches will 
establish the strengths and weaknesses of existing 
methods and the new methods to be developed in the 
project. The understanding and methods developed will 
then be used to identify grid vulnerabilities, investigate 
the impact of mitigation techniques and quantify the 
blackout risk developing different ways to communicate 
blackout risks to policy makers, the industry and the 
public. 

Why It Matters 

Cascading blackouts, while rare, are extremely costly to 
virtually all stakeholders in the electric power system. 
The blackout of August 14, 2003 on the East Coast 
affected 50 million people and caused an estimated $10 
billion in economic losses in the US and $2 billion in 
Canada.  

Cascading blackouts can occur under a wide variety of  
not always predictable system conditions.  The 
mandated increased use of renewables, intermittent 
solar and wind in particular, has heightened concerned 
over grid resiliency.  In addition both the location of 
central station and distributed renewables are 
constrained to the availability of the resource.  

 This research can lead to a more reliable electric system 
by giving system operators and planning engineers the 
tools to better anticipate the conditions leading to 
extreme events, and take steps to avoid their occurrence, 
thereby reducing the frequency, scale and costs of 
cascading power system blackouts. 

{More details} 
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Extreme Event Research (Pg 2)

Participating Organizations 

Principal Investigator:   

Pacific Northwest National Laboratory  

Research Partners:   

 University of Wisconsin–Madison 
University of Alaska–Fairbanks  
Electric Power Research Institute 
The Southern Company 
BACV Solutions 
KEMA 

Project Start Date: December 21, 2008 

Project End Date: March 31, 2011 

CIEE Contract No.: MR-03-08 

CEC Contract No.: 500-02-004 

CEC Work Authorization No: MR-076 

Reports 

Interim Report: Extreme Events Research, Phase I (Not yet 
available) 

Final Report: Extreme Event Research (Not yet available) 
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Funds for this project came from a $1,160,000 
award by the California Energy Commission 
(CEC) through the Public Interest Energy 
Research program (PIER). 
 

 

 

 

For More Information, Contact 

Dr. Merwin Brown,  
CIEE Electric Grid Research Program Director 
(916) 551-1871 
merwin.brown@uc-ciee.org

 




