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ABSTRACT

A variety of measures are used to judge the skill and accuracy with which forecasters predict the weather and
to verify forecasts: Such measures can confound accuracy with decision strategy and sometimes give conflicting
indications of performance. Signal detection theory (SDT) provides a theoretical framework for describing
forecasting behavior and minimizing these problems. We illustrate the utility of signal detection theory in this
context, show how it can be used to understand the effects of time pressure created by frequent weather activity
on forecasting judgments, and illustrate how to achieve a specific social policy.

1. Introduction

In the meteorological literature, at least seven major
concepts are discussed in the context of evaluating
forecasting performance: accuracy, bias, calibration (or
reliability ), refinement, resolution, discrimination, and
skill (Murphy 1985). Each of these concepts has, in
addition, several measures associated with it. The re-
sulting situation was summarized by Murphy and
Winkler:

Verification measures have been formulated with a va-
riety of purposes in mind and for a multitude of dif-
ferent situations. . . . As a result, verification measures
have tended to proliferate, with relatively little effort
being made to develop general concepts and principles,
to investigate the relationships between measures, or
to examine their relative strengths and weaknesses
(Murphy and Winkler 1987, p. 1330).

Not only has there been a proliferation of measures,
there does not seem to be a broad consensus about
which measures and concepts are appropriate to use.
Fildes and Makridakis (1988), for example, noted that
participants in the M competition did not agree on the
meaning, if any, of the average mean-square error
(MSE) as a measure of accuracy. Thompson (1990)
discusses four of the major problems with using MSE
as a measure of overall accuracy. Other examples of
criticism of commonly used measures are found in the
literature (Glahn 1985; Graedel and Kleiner 198S;
Murphy 1985; Murphy and Daan 1985; Winkler and
Murphy 1985).
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Murphy and Winklér (1987) called for the devel-
opment of a general framework within which to de-
velop forecast evaluation:

A need exists for a general framework for forecast ver-
ification. To be useful, such a framework should (inter
alia) (i) unify and impose some structure on the overall
body of verification methodology, (ii) provide insight
into the relationships among verification measures, and
(iii ) create a sound scientific basis for developing and/
or choosing particular verification measures in specific
contexts. Moreover, such a framework should mini-
mize the number of distinct situations that must be
considered (Murphy and Winkler 1987, p. 1330).

The general framework proposed by Murphy and col-
leagues is based on the decomposition (or factorization )
of joint probability distributions combined with per-
formance measures based on the decomposition of
mean-square errors (Clemen and Murphy 1986; Cron-
bach 1955; Hsu and Murphy 1986; Murphy 1988;
Murphy et al. 1988; Murphy and Winkler 1987; Mur-
phy and Winkler 1992).

The factorization of distributions is solidly grounded
in probability theory, and while it provides an empirical
basis for describing forecasting behavior, it does not
provide a model of the forecasting process. A model
of the process would give a framework within which
to understand how the forecasts are generated and to
predict forecasting behavior. We believe that signal de-
tection theory (SDT) provides an appropriate model
of forecasting behavior, achieves the three goals stated
by Murphy and Winkler, is compatible with joint
probability decomposition, and provides a simpler de-
scription of forecasting behavior.

The purpose of this paper, therefore, is threefold: to
illustrate some problems that arise with certain mea-
sures of forecasting performance; to show how signal






