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ABSTRACT

A diagnostic approach to forecast verification is described and illustrated. This approach is based on a general
framework for forecast verification. It is “diagnostic” in the sense that it focuses on the fundamental characteristics
of the forecasts, the corresponding observations, and their relationship.

Three classes of diagnostic verification methods are identified: 1) the joint distribution of forecasts and ob-
servations and conditional and marginal distributions associated with factorizations of this joint distribution;
2) summary measures of these joint, conditional, and marginal distributions; and 3) performance measures
and their decompositions. Linear regression models that can be used to describe the relationship between forecasts
and observations are also presented. Graphical displays are advanced as a means of enhancing the utility of this
body of diagnostic verification methodology.

A sample of National Weather Service maximum temperature forecasts (and observations) for Minneapolis,
Minnesota, is analyzed to illustrate the use of this methodology. Graphical displays of the basic distributions
and various summary measures are employed to obtain insights into distributional characteristics such as central
tendency, variability, and asymmetry. The displays also facilitate the comparison of these characteristics among
distributions—for example, between distributions involving forecasts and observations, among distributions
involving different types of forecasts, and among distributions involving forecasts for different seasons or lead
times. Performance measures and their decompositions are shown to provide quantitative information regarding
basic dimensions of forecast quality such as bias, accuracy, calibration (or reliability), discrimination, and skill.
Information regarding both distributional and performance characteristics is needed by modelers and forecasters
concerned with improving forecast quality. Some implications of these diagnostic methods for verification
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procedures and practices are discussed.

1. Introduction

Verification of temperature forecasts has tradition-
ally consisted of the computation of a few overall mea-
sures of performance such as the mean absolute error
or mean square error (e.g., Carter and Polger 1986;
Murphy and Daan 1985). Such practices may be ad-
equate to describe the general state of the art of tem-
perature forecasting or to assess overall trends in the
quality of temperature forecasts. However, current
verification procedures and practices are inadequate
when the objective is either to identify the fundamental
strengths and weaknesses in temperature forecasts or
to provide modelers and forecasters with feedback as
a basis for improving the quality of such forecasts.
Moreover, the needs of users for information regarding
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the basic characteristics of temperature forecasts are
not adequately met by overall performance measures.

A general framework for forecast verification was
recently described by Murphy and Winkler (1987)
(hereafter referred to as MW87). This framework is
based on the joint (probability ) distribution of forecasts
and observations and on the conditional and marginal
distributions associated with factorizations of the joint
distribution. Since these distributions describe the fun-
damental statistical characteristics of the forecasts and
observations and their relationship, they appear to rep-
resent a sound basis for a logically coherent and gen-
uinely insightful approach to forecast verification—an
approach that has been lacking heretofore. Although
the outlines of such an approach—referred to here as
diagnostic verification—were implicit in MW87, the
approach itself was not described explicitly in the earlier
paper. Moreover, this approach—and its associated
methodology—have not as yet been applied to samples
of real forecasts and observations. Clearly, such an ap-
plication constitutes the ultimate test of the utility of
the diagnostic approach to verification.

Diagnostic verification not only represents a sound
approach to forecast verification, it also contains a use-
ful set of verification methods. The fundamental ele-
ments in this set of methods are the joint, conditional,






