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ABSTRACT

The binned probability ensemble (BPE) technique is presented as a method for producing forecasts of the
probability distribution of a variable using an ensemble of numerical model integrations. The ensemble forecasts
are used to partition the real line into a number of bins, each of which has an equal probability of containing
the “‘true’’ forecast. The method is tested for both a simple low-order dynamical system and a general circulation

.model (GCM) forced with observed sea surface temperatures (an ensemble of Atmospheric Model Intercom-

parison Project integrations). The BPE method can also be used to calculate the probability that probabilistic
ensemble forecasts are consistent with the verifying observations. The method is not sensitive to the fact that
the characteristics of the forecast probability distribution may change drastically for different initial condition
(or boundary condition) probability distributions. For example, the method is capable of evaluating whether the
variance of a set of ensemble forecasts is consistent with the verifying observed variance. Applying the method
to the ensemble of boundary-forced GCM integrations demonstrates that the GCM produces probabilistic fore-
casts with too little variability for upper-level dynamical fields. Operational weather prediction centers including
the U. K. Meteorological Office, the European Centre for Medium-Range Forecasts, and the National Centers
for Environmental Prediction have been applying this method, referred to by them as Talagrand diagrams, to
the verification of operational ensemble predictions. The BPE method only evaluates the consistency of ensemble
predictions and observations and should be used in conjunction with additional verification tools to provide a
complete assessment of a set of probabilistic forecasts.
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1. Introduction

Breaking with a long tradition of producing a single
‘‘deterministic’’ numerical forecast, operational pre-
diction centers have recently begun to produce real-
time ensemble numerical forecasts. While it now seems
apparent that ensemble forecasts are one of the few
currently tractable approaches to modeling the uncer-
tainty inherent in predictions of the atmosphere—ocean
system, a great number of questions about how best to
produce, interpret, summarize, and evaluate ensemble
forecasts remain.

Ensemble forecasts have been utilized in a variety of
ways at operational centers. Perhaps the most funda-
mental application is to use the ensemble mean forecast
as a substitute for a single traditional ‘‘discrete’” fore-
cast (Brankovic et al. 1990; Milton 1990; Tracton and
Kalnay 1993). In general, ensemble average forecasts
have reduced error compared to the mean error of the
individual forecasts when evaluated with most tradi-
tional error metrics (Seidman 1981; Murphy 1988). As
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pointed out by Leith (1974), much but not all of this
error reduction can be reproduced by statistical filtering
techniques making use of previous forecast verifica-
tions.

Ensemble forecasts have also frequently been sub-
jected to clustering algorithms ( Brankovic et al. 1990;
Ferranti et al. 1994), with the goal of producing a
small, easily understood set of forecast states, usually
characterized by the cluster means. Such methods at-
tempt to make use of more information than is used by
a single grand mean forecast, and there have been some
promising results. Nevertheless, the proper definition
of “‘cluster’’ in such ensemble results remains an un-
resolved question, and algorithms used for forming
clusters contain a number of heuristic parameters that
can have some impact on the resulting clusters. In ad-
dition, it continues to be difficult to establish whether
clusters in this sense should really be expected to exist
in the forecast probability distributions arising from
current generation GCMs and observational error dis-
tributions ( Trevisan 1995; Wallace et al. 1991; Cheng
and Wallace 1993). Many researchers are continuing
to address such issues in both simple models and
GCMs.

A third application of ensemble forecasts has been
to make a priori predictions of forecast skill (Murphy
1990; Milton 1990). The most straightforward of these






