












generations; that is, the grid resilience is progressively
weakened by the preceding generations of outages.

Given the distribution of initial outages shown in Fig. 2,
the propagations λο, λΐ , λ2, λ3, λ4+ can be used in a branching
process model to predict the distribution ofthe total number of
outages using the method of [8]. The match with the observed
data is shown in Fig. 4.
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Fig 4. Probability distributions of the total number of outages after
cascading; dots are the binned data and the lines join the branching process
predictions.

The usefulness of this result is that the distribution of the
total number of outages propagation can be estimated via the
propagations with much less data (about one year) [8].
H. Cascade spreading 

The method of [10] is used to construct a network directly
from the outage data as shown in Fig. 5 (the network is
constructed simply by joining two buses with a transmission
line if the data includes an automatic or planned outage of the
line joining those buses.) The advantage of forming the
network in this way is that the outages can easily be located on
the network. Then statistics of how the cascades spread in the
network can be obtained. One limitation to be addressed in
future work is that the formed network currently corresponds
to the union of the actual grid lines as they change over the
time period of observation.

One way to measure the network distance between two line
outages counts the minimum number of buses in a path in the
network joining the two lines. For example, two lines with a 
common bus are a distance one apart.
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Fig 5. Network formed from line outage data. Layout is not geographic

We extend this definition [10] to the average distance
between generations of line outages to obtain the spreading
statistics of Figs. 6 and 7. One useful application for the
propagation and spreading results in this section is the
validation of models of cascading by comparing the match
between the simulated and observed results [7], [18].
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Fig 6. Probability distribution ofthe network distance between successive
generations of line outages
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COMPARISON

This section compares the two quite different approaches
to assessing system cascading performance described in the
previous sections. The planning predictive approach evaluates
with simulation carefully chosen stressed cases and identifies
initiating events that progress through several tiers
(generations) and lead to cascading. The historical approach
extracts statistics describing the observed cascades of
transmission line outages over a period of time. The two
methods are compared by applying them to the Idaho system
looking for consistent and understandable results, initial events,
propagation, cascading and impacts.

The planning study is based on a limited number of base
cases and a defined set of likely initial events and thresholds
for tripping load and/or generation during the cascading
process. This approach is useful for analyzing potential risks
for cascading under a defined set of initiating events and
conditions. The initiating events causing the more serious
cascades and more consequential overloads and outages can be
identified. Moreover, since it is simulation based, mitigation 
measures can be identified to prevent and minimize the impact
of cascading outages. In this approach, analyzing and
mitigating a judicious selection of stressed cases is expected to
limit the general cascading risk. Moreover, the projected future
system can be analyzed.

On the other hand, the historical approach statistically
quantifies observed initiating line outages and their
propagation. There are no modeling assumptions, but the
analysis is limited to the quantities recorded and processed. In
effect all the system states, initiating events, and cascade
progressions are sampled over the time period of observation.
The blackout risk expressed as the distribution of the total



number of line outages can be estimated using a probabilistic
branching process model of the cascading. The lines of Idaho
power network historically vulnerable to cascading failures
can be identified. However, while the cascading risk is directly
assessed, in a historical approach it is impossible to test
potential mitigations, and difficult to assess the effect of
individual implemented mitigations.

Both approaches are capable to identify the top risk
outages that potentially could lead to cascading. Evaluating
results for eighteen common initiating events show that 3 
initial events (16%) in both approaches have been identified
by both approaches to be top risk cascading events.

Joint application of these two different approaches ensures
that advantages of each method can be used to help in better
understanding ofthe entire cascading process. By performing
a quick comparison of the results obtained by historical and
predictive approaches, one can immediately conclude that
there exists a correlation but also differences in modeling
assumptions and how initiating events, system configuration
changes, operational conditions, and maintenance
requirements are taken into account.

The selection of initiating events plays an important role in
the planning study since more complex initiating events are
likely to lead to cascading or local and widespread blackouts.
The planning study was based on a list of initiating events that
include two simultaneously outaged elements defined by
breaker-to-breaker operation. All five study cases show no
problems under any of the Ν-1 outages (this basically shows
that system was correctly designed to operate in safe operating
region for any of the N-1 outages.) Initiating events in the
planning study include lines or transformers or their
combination. The historical approach only considers automatic
line outages as initiating events. Often there was no cascading
beyond the initiating events, but 263 cascades had more than
one generation. Of these 263 cascades with more than one
generation, 222 began with a single outage, 29 began with a 
double outage, 9 began with a triple outage, and 3 began with
a quadruple outage. Presumably some of the 222 cascades
starting with a single automatic line outage cascaded further
also because of simultaneously occurring unusual patterns of
load, planned line outages, or outage of other equipment.

There is much less average propagation of line outages in
the simulated cascades used in the planning approach than in
the historical cascades. The simulated events overload many
lines, but fewer of these overloaded lines subsequently outage.
In this sense the planning approach focuses more on the
initiating events and the impacts of these initiating events
rather than the longer cascades occasionally observed in
practice in the historical data. There are interesting distinctions
involved in considering this difference. In particular, in a 
given situation, no further cascading can be both a more likely
and a plausible outcome, but further cascading remains
possible and does occasionally happen. That is, a simulation
that produces plausible and likely cascading sequences may
not sample some of the unlikely long cascades that
occasionally occur in practice, and are of concern due to their
high impact.

The statistical approach based on historical outage data has
a capability to estimate the overall blackout risk since it
includes all outage data with its actual frequency of occurrence.
If the branching process model parameters are found from
about one year of historical data, then the effect of the
cascading in producing the unlikely long cascades can be
predicted [8]. (The alternative of gathering historical data for
decades to directly estimate the rare events can be used, but
requires averaging the results over too long a period.)

The historical approach is much newer and less
systematically developed than the planning approach. Needed
elaborations to the historical approach include using inventory
additions to the system to correctly track the changes to the
system over time, considering the outages of transformers and
generators, and relating the outages to the recorded load
curtailments. The changes in topology should be monitored
using the sources of inventory data such as the list of new
additions with timing (planning) and SCADA data (operation).

In order to map future challenges, advantages and
disadvantages of both approaches are discussed. These two
methodologies are applied to an actual system, considering
data from the Idaho power system (cases in a period 2012-
2014 and historical outage data statistics collected in a period
1991-2015).

The statistical approach based on historical outage data can
be in some way used to validate and ensure the credibility of
planning studies. It is important to note that the statistical
approach does not replace the cascading planning studies
performed under the set of contingencies defined in NERC
TPL-001-4 standard [1].

As was pointed out in Section III, the main advantage of
historical data processing is that it doesn't require any
modeling assumptions and it has a very favorable grounding in
reality. Also, the statistical analysis of historical cascades
describes cascading risk averaged over a time period of
observation, during which the system changes. While the
statistical requirements for a long enough observation time can
be mitigated using branching process models, about a year of
data still seems to be needed for much of the analysis. Bulk
measures of propagation are also averaged over the entire
system.

While the main objectives of the comparison are to
benchmark the two methodologies and estimate the top risk
initiating events, additional results are obtained by both
methods.

The statistical approach provides a more general solution
to estimating an overall blackout risk than the standard
planning study approach, but historical approaches cannot
evaluate proposed mitigations. However, the planning study
approach may provide a practical way to prevent and mitigate
the cascading risk from specific sets of contingencies. The
planning approach may not be suitable to simulate the
uncertain variables such as random outages of generators and
transmission lines in power systems.



CONCLUSIONS

The study reported in this paper compares the historical
approach with a predictive approach for outages that lead to
cascading in the Idaho Power bulk electrical system. The
assessment of cascading outages is a task in planning and
operating a transmission system that goes beyond standard
requirements. The comprehensive historical and predictive
analysis of cascading outages provides a utility with a 
quantitative method to identify the outages with the highest
risks. The knowledge gained from this study helps company to
understand potential risks and to identify the potential
mitigation measures to prevent or minimize the impacts of
those outages. The approach presented here can be, in general,
helpful to utility industry in the process of monitoring risks of
cascading outages.

The results show advantages of performing both predictive
and historical evaluation of cascading outages. By performing
a quick comparison of past and predictive results, one can
immediately conclude that there are some conclusions in
common but also some basic differences in the framing of the
problem, modeling assumptions and how system configuration
changes, initiating events, cascade propagation, operational
conditions, and maintenance requirements are taken into
account. The two approaches broadly agree in determining the
parts of Idaho power network vulnerable to cascading failures.
The joint application ofthe two proposed approaches appears
useful for analyzing potential risks for cascading and for
identifying potential mitigation measures to prevent and
minimize the impact of cascading outages. Although we have
emphasized some of the differences in the approaches, future
work might combine parts of the approaches. For example,
one could try to apply the methods used to quantify the
historical cascading to simulated cascades that are suitably
sampled.

In this paper, basic issues and practical applications of the
two presented approaches have been presented. The aim ofthe
paper is not to develop new contributions to the cascading
theory but to highlight and contrast advantages and
disadvantages and practical constraints when the two methods
are applied to an actual system.
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