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ABSTRACT

Several skill scores are defined, based on the mean-square-error measure of accuracy and alternative clima-
tological standards of reference. Decompositions of these skill scores are formulated, each of which is shown to
possess terms involving 1) the coefficient of correlation between the forecasts and observations, 2) a measure
of the nonsystematic (i.., conditional ) bias in the forecasts, and 3) a measure of the systematic (i.e., unconditional )
bias in the forecasts. Dependmg on the choice of standard of reference, a particular decomposition may also
contain terms relating to the degree of association between the reference forecasts and the observations.
These decompositions yield analytical relationships between the respective skill scores and the correlation coef-
ficient, document fundamental deficiencies in the correlation coefficient as a measure of performance, and
provide additional insight into basic characteristics of forecasting performance. Samples of operational precip-
itation probability and minimum temperature forecasts are used to investigate the typical magnitudes of the
terms in the decompositions. Some implications of the results for the practice of forecast verification are discussed.

1. Introduction

Skill scores are generally defined as measures of the
relative accuracy of forecasts produced by two fore-
casting systems, one of which is a “reference system™
(e.g., see Murphy and Daan 1985). Positive skill (i.e.,
a favorable difference in accuracy) is usually considered
to represent a minimal level of acceptable performance
for a set of forecasts. To the extent that the difficulty
inherent in forecasting situations is reflected in the level
of accuracy of the reference forecasts, skill scores also
take difficulty into account. As a result, they can be
used (with appropriate caveats) to compare forecasting
performance across different locations or time periods.
Thus, it is not surprising that skill scores are widely
used in evaluating the performance of operational and
experimental forecasts (e.g., see Dagostaro et al. 1988;
Murphy and Daan 1985).

In the context of forecast verification, correlatlon
coeflicients are measures of the degree of linear asso-
ciation between the forecasts of interest and the relevant
observations. It has been recognized for many years
(e.g., see Brier and Allen 1951) that correlation coef-
ficients suffer from certain deficiencies as verification
measures. Nevertheless, they are employed from time
to time in forecast verification programs and several
different correlation coefficients are currently used in
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conjunction with model verification studies (e.g., see
Arpe et al. 1985; Miyakoda et al. 1972; Sanders 1987).

Despite the rather widespread use of both skill scores
and correlation coefficients, the relationships between
these two common types of verification measures have
evidently not been explored. In addition, little if any
attention has been devoted to the problem of obtaining
a quantitative appreciation of the deficiencies in the
correlation coefficient as a measure of forecasting per-
formance. The primary purpose of this paper is to de-
scribe decompositions of a family of climatological skill
scores that yield insight into (i) the relationships be-
tween these measures and the (product moment) cor-
relation coefficient and (ii) the deficiencies in the latter
as a performance measure.

In section 2, we define the terms “accuracy” and
“skill” and identify the basic measures of these attri-
butes-——namely, the mean-square-error measure of ac-
curacy and the mean-square-error skill score—em-
ployed in this paper. This section also describes alter-
native climatological standards of reference and defines
a mean-square-error skill score based on each of the
reference procedures. Decompositions of the skill scores
are formulated in section 3, and these decomposi-
tions—and the skill score/correlation coefficient re-
lationships—are discussed and interpreted in section
4. Operational precipitation probability and minimum
temperature forecasts are used to investigate the typical
magnitudes of the terms in these decompositions in
section 5, Section 6 consists of a brief summary and
some discussion of the implications of these results for
the practice of forecast verification.
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