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Science and Technology Seminar

Estimation and Value of Ambiguity in Ensemble Forecasts

F. Anthony Eckel
National Weather Service Office of Science and Technology, Silver Spring, MD, 20910

Mark S. Allen
Air Force Weather Agency, Offutt AFB, Omaha, NE, 68113

	Ambiguity is uncertainty in the prediction of forecast uncertainty, or uncertainty in forecast probability of a specific event, associated with random error in a forecast probability density function (PDF) generated by an ensemble.  In ensemble forecasting, ambiguity arises from finite sampling and deficient simulation of the various sources of forecast uncertainty.  Poor simulation of model-related uncertainty may be the largest contributor given the challenges involved. 
	This study introduces two practical methods to estimate ambiguity and demonstrates them on 5-day, 2-m temperature forecasts from the Japanese Meteorological Agency Ensemble Prediction System.  The first method uses the error characteristics of the calibrated ensemble as well as the ensemble spread to predict likely errors in forecast probability.  The second method applies bootstrap resampling on the ensemble members to produce multiple likely values of forecast probability.  Both methods include forecast calibration since ambiguity results from random and not systematic errors, which must be removed to reveal the ambiguity.  Additionally, use of a more robust calibration technique (i.e., improves forecasts beyond only correcting average errors) is shown to reduce ambiguity.  Validation using a low-order dynamical system reveals that both estimation methods have deficiencies but exhibit some skill, making them candidates for application to decision making. 
	Two possible approaches for applying ambiguity information are explored.  One application approach, called uncertainty folding, merges ambiguity with forecast uncertainty information for subsequent use in standard risk-analysis decision making.  Uncertainty folding is found to be of no practical benefit when tested in a low-order, weather forecast simulation.  A second approach, called ulterior motives, attempts to use ambiguity information to aid secondary decision factors not considered in the standard risk analysis, while simultaneously maintaining the primary value associated with the probabilistic forecasts.  Following ulterior motives, the practical utility of ambiguity information is demonstrated on real-world ensemble forecasts used to support decisions concerning preparation for freezing temperatures paired with a secondary desire for reduction in repeat false alarms.  Sample products for communicating ambiguity to the user are also presented.
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