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ABSTRACT

[bookmark: _GoBack]Weather-related power outages affect millions of utility customers every year. The ability to forecast these outages could help utilities devise cost-effective restoration plans. The use of machine learning-based prediction models that use weather, environmental, vegetation and utility infrastructure variables as predictors, could attain accurate predictability of outages. In this work, we characterize the uncertainty in outage prediction modeling associated with training sample size and representativeness of event severity. We show the degree at which random error decreases with increasing sample size for both extratropical storms and thunderstorms. Moreover, to account for the event severity effect on outage prediction uncertainty, we introduced a novel “conditioned model” that divides the machine learning training dataset into subsets of events representative of the forecasted event’s severity. This model calculates the quantile weight distance between severe weather-related events in the dataset and the forecasted event and categorizes the forecasted event severity as high, moderate or low impact. The study shows that the accuracy of event severity classification was 0.76, and the mean absolute percentage error of the “conditioned model” decreased by 30% relative to the standard outage prediction model. Outage forecasting uncertainty also depends on the uncertainty of input weather variables. We investigated how uncertainty in the weather predictor parameters, associated with weather forecasts of one to five days lead time, propagates in outage forecasts. We show that uncertainties in the weather parameters increase proportionally to lead time, which manifests in an increase in outage prediction uncertainty. It is also shown that weather forecasting uncertainty has greater contribution to the outage forecasting error than outage prediction modeling uncertainty. Finally, we combined the severity classification and “conditioned model” with a multi-year atmospheric reanalysis dataset to assess the effect of weather extremes on the vulnerability of the electric grid using Eversource-Connecticut service territory as a case study.

