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ABSTRACT

Skill scores defined as measures of relative mean square error—and based on standards of reference repre-
senting climatology, persistence, or a linear combination of climatology and persistence —are decomposed. Two
decompositions of each skiil score are formulated: 1) a decomposition derived by conditioning on the forecasts
and 2) a decomposition derived by conditioning on the observations. These general decompositions contain
terms consisting of measures of statistical characteristics of the forecasts and/or observations and terms con-
sisting of measures of basic aspects of forecast quality. Properties of the terms in the respective decompositions
are examined, and relationships among the various skill scores—and the terms in the respective decomposi-
tions—are described.

Hypothetical samples of binary forecasts and observations are used to illustrate the application and interpre-
tation of these decompositions. Limitations on the inferences that can be drawn from comparative verification
based on skill scores, as well as from comparisons based on the terms in decompositions of skill scores, are
discussed. The relationship between the application of measures of aspects of quality and the application of the
sufficiency relation (a statistical relation that embodies the concept of unambiguous superiority ) is briefly ex-
plored.

The following results can be gleaned from this methodological study. 1) Decompositions of skill scores
provide quantitative measures of —and insights into—multiple aspects of the forecasts, the observations, and
their relationship. 2) Superiority in terms of overall skill is no guarantor of superiority in terms of other aspects
of quality. 3) Sufficiency (i.e., unambiguous superiority) generally cannot be inferred solely on the basis of
superiority over a relatively small set of measures of specific aspects of quality.

Neither individual measures of overall performance (e.g., skill scores) nor sets of measures associated with
decompositions of such overall measures respect the dimensionality of most verification problems. Nevertheless,
the decompositions described here identify parsimonious sets of measures of basic aspects of forecast quality
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that should prove to be useful in many verification problems encountered in the real world.

1. Introduction

Skill scores are often used to assess the accuracy of
forecasts produced by numerical, statistical, and/or
conceptual models relative to the accuracy of forecasts
based on simple forecasting methods such as climatol-
ogy or persistence. Although these measures may be
useful as a means of assessing the relative accuracy of
forecasts in an overall sense, accuracy is not the only
aspect of forecast quality of potential interest or im-
portance. Consideration of the underlying nature of
verification problems reveals that these problems are
multidimensional and that forecast quality is multifac-
eted (Murphy and Winkler 1987; Murphy 1991). Thus,
one-dimensional measures of skill at best provide a my-
opic view of forecast quality. From the perspective of
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comparative verification, skill scores are inadequate—
and potentially misleading—when used as the sole or
principal means of judging relative forecasting perfor-
mance.

To obtain more realistic and insightful assessments
of forecasting performance, in an absolute or relative
sense, the multifaceted nature of forecast quality must
be taken into account. The extent to which the forecasts
of interest possess various basic aspects of quality is of
particular interest. Decompositions of performance
measures such as skill scores can play an important role
in this assessment process since the terms in these de-
compositions represent (a) measures of specific aspects
of quality and (b) contributions to overall skill. In this
regard, Murphy (1988) and Murphy and Epstein
(1989) recently used the covariance decomposition of
the mean square error to investigate the relationships
between skill scores based on the mean square error
and correlation coefficients as well as to assess corre-
lation-related and other contributions to skill.

The primary purposes of this paper are (a) to present
two general decompositions of skill scores based on the






