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ABSTRACT

The so-called True Skill Statistic (TSS) and the Heidke Skill Score (S), as used in the context of the contingency

table approach to forecast verification, are compared. It is shown that the TSS approaches the Probability of

Detection (POD) whenever the forecasting is dominated by correct forecasts of non-occurrence, i.e., forecasting
rare events like severe local storms. This means that the TSS is vulnerable to “hedging” in rare event forecasting.
The S-statistic is shown to be superior to the TSS in this situation, accounting for correct forecasts of null events
in a controlled fashion. It turns out that the TSS and S values are related in a subtie way, becoming identical
when the expected values (due to chance in a k X k contingency table) remain unchanged when comparing
the actual forecast table to that of a hypothetical perfect set of forecasts. Examples of the behavior of the TSS
and S values iri different situations are provided which support the recommendation that S be used in preference
to TSS for rare event forecasting. A geometrical interpretation is also given for certain aspects of the 2 X 2
contingency table and this is generalized to the k X / case. Using this geometrical interpretation, it is shown to
be possible to apply dichotomous verification techniques in polychotomous situations, thus allowing a direct

- comparison between dichotomous and polychotomous forecasting.

1. Introduction

In a recent paper, Doswell and Flueck ( 1989, here-
after referred to as DF89) described the use of the con-
tingency table for forecasting verification. Some sum-
- mary measures of verification skill were mentioned and
applied to a forecasting experiment, including the so-
called True Skill Statistic (TSS).? The TSS (under any
of its myriad names) is used widely in statistics and is
recommended by Murphy and Daan (1985) as a
“proper formulation of a skill score.” Skill scores in
general measure relative forecasting skill, comparing
the forecasts in question to some standard forecasting
technique. The idea is to avoid artificial inflation (or
deflation) of one’s perception of the quality of the fore-
casts. Some examples of standard forecasts include
random guessing, climatology, and persistence. Every-
one in operational forecasting understands, for in-
stance, that the percentage of correct forecasts is really
not a very meaningful statistic, unless it is substantially

~

! Also affiliated with the Cooperative Institute for Mesoscale Mete-
orological Studies, Norman, Oklahoma.

2 The TSS is also known as the Hanssen-Kuipers (H-K ) Discrim-
inant (see, e.g., Woodcock 1976). Murphy and Daan (1985) refer
to it as Kuipers’ Performance Index. This proliferation of names for
the same score is relatively common and can cause considerable con-
fusion. Confusing terminology is confounded further by the lack of
standardized notation.
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different from what one might obtain using, say, per-
sistence. The TSS compares the number of correct
forecasts, minus those attributable to random gL]’lessmg
(subject to the constraint that the marginal totals of
observed events in the contingency table must remain
the same), to that of a hypothetical set of perfect fore-
casts. We will show this in more detail in what fc'>llows.

In this paper, we wish to examine several asp ects of
verification using contingency ‘tables, mcludmg the
TSS, in situations where one might anticipate that one
of the elements of the contingency table dommates the
other elements. In particular, for forecasts of rare events
(like tornadoes or flash floods), one expects that ¢orrect
forecasts of non-occurrence will dominate a dontin-
gency table. This creates a variety of problems|i to be
discussed after we have established some basic deﬁm-
tions associated with the standard 2 X 2 contmgency
table (see DF89 and Donaldson et al. 1975) asso'c:ated
with dichotomous forecasts.

The contents of this paper are necessarily rathter ab-
stract and there is a chance that some field forecasters
are not familiar with these esoteric aspects of :veriﬁ-
cation scores. The failure of the TSS to deal effectively

~with rare event forecasts led to the analysis contained

in this paper. We did not set out to consider the at'>stract
properties of verification scores, but such conmdera-
tions were forced on us; we needed an alternative to
the TSS. While many operational forecasters may be
unaware of (and uninterested in) the subtleties of ver-
ification scores, we hope that this paper will convince
at least some of them that it is in their interests to






