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ABSTRACT

In order to interpret climate statistics correctly, the definitions of climate change, signal-to-noise ratio

and statistical significance are clarified.

It is proposed to test the significance of climate statistics by the use of confidence intervals, since they
are more informative than merely testing the null hypothesis that the true response is zero. The confidence
intervals of the mean difference, variance ratio and signal-to-noise ratio are formulated and applied to a

climate sensitivity study.

It is also proposed to make a multivariate test of a response péttem by the use of joint confidence intervals,
since they are more informative than merely testing the null hypothesis that the true response is everywhere
zero. These intervals can also be applied to test the joint significance of the amplitude and phase of the

seasonal cycles of a response.

1. Introduction

In order to estimate the standard error of time-
average estimates of climatic means, Leith (1973)
proposed to estimate the standard deviation (o) of
the finite-time mean. When many independent sam-
ple means are not available, ¢; can be estimated
indirectly through the autocorrelation (Leith, 1973)
or power spectra (Munk, 1960; Jones, 1975, 1976)
of dependent daily data. In an effort to test the sta-
tistical significance of numerical experiments of cli-
mates, Shukla (1975) and Manabe and Hahn (1977)
estimated the ratio of the time-mean difference be-
tween two experiments to the standard deviation of
the time mean. However, it was not clear how large
this estimated signal-to-noise ratio must be for the
difference to be significant. Moreover, these two pa-
pers confused their estimated signal-to-noise ratio
with the rrue signal-to-noise ratio defined by Leith
(1973). The definitions of signal-to-noise ratio and
statistical significance will be clarified in Section 2,
extending Leith’s (1973) discussion.

Subsequently, Chervin and Schneider (1976)
showed that the criterion of the estimated signal-to-
noise ratio for the statistical significance of mean
difference is given by the ¢ test (see Panofsky and
Brier, 1968, p. 63; Mitchell, 1971, p. 63). Since then,
the ¢ test has been applied to climatic studies by
Chervin et al. (1976), Laurmann and Gates (1977),
Washington et al. (1977), van Loon and Rogers
(1978), Julian and Chervin (1978), Holton and Tan
(1980), Chervin (1980, 1981) and Keshavamurty
(1982), while Warshaw and Rapp (1973) applied the
analysis of “variance test” (see Panofsky and Brier,

1968, p. 66) which can test the equality of two or
more variables.

Student’s ¢ is the ratio of sample mean difference
to its sample standard deviation which is estimated
directly from independent data without autocorre-
lation. The true standard deviation need not be
known, since the distribution of ¢ is known. This 7
is subject to a conventional null hypothesis test (see
Fig. 1). If ¢ exceeds its critical value of the ¢ distri-
bution, the null hypothesis of zero true difference is
rejected at the specified probability level. In this case,
the true difference is unlikely to be zero with a certain
risk of false rejection (i.e., Type I error). However,
even if the null hypothesis is not rejected, it is dan-
gerous to conclude that the unknown true difference
may be close to zero, since the probability of false
acceptance (i.e., Type II error) can be larger than
that of false rejection. Thus, this null hypothesis test
alone is not satisfactory to claim that the unknown
true difference between simulations and observations
is likely to be small. The probability of false rejection
can be evaluated by the *“power of the test” (see
Bendat and Piersol, 1971, p. 117). However, it is
simpler and more informative to determine the range
of hypothesized true values accepted by a null hy-
pothesis test. For this purpose, the present paper pro- .
poses to determine confidence intervals.'

Recently, Hasselmann (1979a) and Storch
(1982a,b) argued that a univariate significance test

! Chervin (1981) proposed the use of confidence intervals for
testing the climatic mean itself but not the mean difference. He
did not discuss the advantage of this test over a null hypothesis
test.
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