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ABSTRACT

A method is presented for determining when an ensemble of model forecasts has the potential to provide

some useful information. An ensemble forecast of a particular scalar quantity is said to have potential predictive
utility when the ensemble forecast distribution is significantly different from an appropriate climatological dis-
tribution. Here, the potential predictive utility is measured using Kuiper’s statistical test for comparing two
discrete distributions. More traditional measures of the potential usefulness of an ensemble forecast based on
ensemble mean or variance discard possibly valuable information by making implicit assumptions about the
distributions being compared.

Application of the potential predictive utility to long integrations of an atmospheric general circulation model
in a boundary value problem (an ensemble of Atmospheric Model Intercomparison Project integrations ) reveals
a number of features about the response of a GCM to observed sea surface temperatures. In particular, the
ensemble of forecasts is found to have potential predictive utility over large geographic areas for a number of
atmospheric fields during strong El Nifio—Southern Oscillation anomalous events. Unfortunately, there are only
limited areas of potential predictive utility for near-surface fields and precipitation outside the regions of the
tropical oceans. Nevertheless, the method presented here can identify all areas where the GCM ensemble may
provide useful information, whereas methods that make assumptions about the distribution of the ensemble
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forecast variables may not be able to do so.

1. Introduction

Since the early days of numerical prediction of the
atmosphere, there has been a continual drive to extend
the lead times for which useful forecasts can be pro-
vided. Concurrently, there has been a rapidly growing
understanding of the basics of nonlinear dynamical sys-
tems, which has led to the conclusion that practical
forecasting is inherently a stochastic problem in which
the ratio of ‘‘noise’’ to forecast ‘‘signal’’ generally in-
creases with lead time. In order to deal with the sto-
chastic nature of the forecast problem, both research
and operational atmospheric modeling groups have be-
gun to use ensemble model integrations. Questions of
exactly how to utilize the information from an ensem-
ble of model! integrations have not yet been satisfac-
torily resolved. Most groups have examined the ensem-
ble mean forecasts (Milton 1990; Mo and Kalnay
1991), some have examined the farthest outlier mem-
bers of the ensemble (Mureau et al. 1993), and many
have looked at a variety of algorithms for cluster anal-
ysis (Brankovic et al. 1990; Murphy 1990; Tracton and
Kalnay 1993). Attempts to predict the skill of ensem-
ble mean forecasts have also been made. This has been
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done by using the growth rates of some class of linear
dynamical modes (Palmer 1993) or by using some
measure of the ensemble spread as a predictor of the
expected skill (Hoffman and Kalnay 1983; Murphy
1989; Brankovic et al. 1994).

Here, a method for evaluating when ensemble fore-
casts contain potentially useful information is pre-
sented. The question to be addressed is, When does an
ensemble forecast provide more information than the
appropriate (model) climatology? If the climate pro-
vides a forecast that is indistinguishable from the en-
semble, then there is little sense in utilizing the ensem-
ble integrations.

Traditional methods of evaluating the utility of en-
semble forecasts are based upon a priori assumptions
about the underlying continuous forecast probability
distributions that are being compared. For example,
one class of methods for evaluating the utility of an
ensemble forecast has been based upon comparisons
of the variance of the ensemble to the variance of the
climate. If the ensemble variance is not significantly
smaller than the climate variance, it has generally
been assumed that the ensemble is not useful as a
prediction (Shukla 1985). For instance, Stern and
Miyakoda (1995) examined the ratio between an en-
semble variance and a climate variance, their repro-
ducibility, to assess the potential utility of their en-

semble forecasts (technically simulations, see sec-
tion 2).






