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ABSTRACT

It is shown by two examples that the algorithm proposed by Chervin and Schneider (1976) is of little
use in deciding, with a given risk, whether a GCM result differing from others (or nature) is caused by
chance or by prescribed changes of some boundary values. What remains is that one can believe in a
“significant” change if the rate of rejections of local null hypotheses is quite large (e.g., three times ex-
pectation or more). Additionally, the Chervin-Schneider algorithm can be used to gain a first guess.

1. Introduction

For about 10 years, a large number of experiments
with general circulations models (GCM’s) were per-
formed to predict consequences of sea surface tem-
perature anomalies, ice- and snow-cover anomalies
or man-produced thermal pollution on climate. Here
climate is defined as ensemble averages of time av-
erages. Therefore, an impact on climate can be de-
cided only by statistical testing. The main advantage
of such testing is that one is able to accept an al-
ternative against a null hypothesis with a given prob-
ability to err (risk).

A commonly used algorithm, recently proposed by
Chervin and Schreider (1976), estimates an ensem-
ble average of time averages (climate mean) and
standard deviations (noise levels) by means of some
(i) randomly differing experiments for each grid
point. The time averages obtained by a prescribed
change experiment are subtracted from the climate
mean and divided by the noise level. This number
(r) multiplied by a constant dependent only on i, is
t distributed with i-1 degrees of freedom (e.g. Cher-
vin and Schneider, 1976, p. 410). For reasons of com-
pleteness, it should be mentioned that Warshaw and
Rapp (1973) previously applied an F-test to zonal
statistics.)

Hasselmann (1979) criticized Chervin and Schnei-
der’s method, because it made a lot of univariate
(local) decisions instead of one single multivariate
(global) decision. That a sum of local decisions gen-
erally cannot substitute for a global decision with a
given risk has been known since the early 1950’s [see,
e.g., the summary given by Chung and Fraser
(1958)].

Unfortunately, both the results of medical statis-
tics and the example of Hasselmann did not get the
attention they deserved (Chervin, 1980). Therefore,
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in what follows, we show by means of two simple
examples that the algorithm is of little statistical
value (Sections 2 and 3). But this does not mean that
it is useless, because it can be applied very well to
gain a first guess (Section 4). In what follows, a
significance level of 5% was selected, though this
value is arbitrary; any other from the interval (0, 1)
could have been specified.

2. Theoretical criticism for the case of independent
local decisions

For the idealized situation that all local decisions
are statistically independent, the distribution of the
number of false rejections of local null hypotheses
is known, provided the global null hypothesis is valid
(no climate change). This is shown by the following
example:

Assume there are m boxes filled with 20 balls each.
The local null hypothesis is 19 balls are black, one
is white, and its alternative is that at least two balls
are white. A reasonable test for the local (i.e., for
one box) decision is simply to draw randomly one
ball from this box, to reject the local null hypothesis
if the ball is white, and to accept it if otherwise. The
risk for an erroneous acceptance of the alternative
is 5%. (Whether this test is an intelligent one is of
less importance in this context, as we are interested
in risk not in power.) To work with the algorithm
proposed by Chervin and Schneider would mean to
draw from each of the m boxes one sample and to
accept the local alternative for those boxes from
which a white ball was drawn.

The global null hypothesis is “no box contains
more than one white ball” and its alternative ‘“at
least one box contains more than one white ball”. If
the global null hypothesis is valid, the probability to
draw maximally » white balls is given by the cu-
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TABLE 1. Frequency of erroneous rejections of local null
hypotheses (m = 768).
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Experiment
1 3 4 5 6 7
2 4.2% 4.9% 6.3% 5.3% 4.0%
3 3.0% 9.0% 7.2% 2.9%
4 10.0% - 9.7% 2.3%
5 8.7% 0.7%
6 0.5%

!

mulative binomial-distribution P(n; m, 5%), which
is centered at 0.05m, i.e., on an average n = 0.05m
local alternatives will falsely be accepted. But by
chance n can be greater. If, for example, m = 768
(the number used below) the event 48 < n (expec-
tation plus 11) will occur with a probability of 5%
only. For this special case a reasonable global test
could be: reject the null hypothesis at a significance
level of 5%, if at least 49 local alternatives are ac-
cepted. Unfortunately, in GCM applications the as-
sumption of independence is not valid.

3, Empirical criticism for the case of dependent de-
cisions

In the case of dependency, one has to expect, as
in the foregoing example, a rate of 0.05m false re-
jections for local null-hypotheses on an average. The
distribution of this rate is unknown and can be es-
timated only by a series of statistically independent
experiments. Therefore, the Chervin-Schneider tech-

nique is applied to a series of GCM runs, which have

different randomly perturbed initial states, i.e., to a
series of experiments without any signal to be de-
tected.

Instead of a complete GCM, a much more eco-
nomic shallow-water equation model, discretized on
a 5.6° grid-point space, is used. Northern Hemi-
sphere orography is included as well as some forcing
.to keep the level of the eddy activity. This model was
integrated up to 60 days. The time averaging was
done for the height field north of 20°N for the last
30 days, when the model became about stationary
(though stationarity is of less importance for this
mechanical test). K = 7 experiments were performed;
m = 768 points were taken into account.

For each number i =2, ..., K — 1the K =17
experiments were divided into two groups. The first
one, consisting of the first ; experiments, was used
to estimate the climate mean and the noise level; the
second group, with the last K — i experiments, was
used to perform the test. (Thus, the number i has the
same meaning as the one defined in the Introduc-
tion.) It should be emphasized that the K experi-
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ments are fully equal, though due to their initial ran-
dom perturbation statistically independent.

In Table 1 the frequency of rejections of local null
hypotheses for the different experiments are listed.
Because the global null-hypothesis is true, all rejec-
tions are false. On an average, 5.2% of all decisions
gave erroneous acceptances of the alternative “local
climate change”. Table 1 indicates that a rate of
rejections three or four times expectation will un-
likely occur.

In Fig. 1 a typical hemispheric distribution of the
local rejections is sketched.

4. First guess

One correct way to get a global decision with given
risk would be to estimate a mean vector and a co-
variance matrix and, provided the assumption of nor-
mality is valid, to apply the x? test (e.g., Hasselmann,
1979). To do so one needs a drastic reduction of
components in order to get a capable problem and
to increase the power of the test: one has to restrict
the degrees of freedom to a relatively small subset
of points (or spectral components, if a transformation
to some spectral system is done), to a “first guess”.
Such a first guess can be gained by the Chervin-
Schneider algorithm if two similar prescribed change
experiments are available. Assume the global alter-
native to be true, i.e., there are points (or spectral
components) where a local climate change is to be
correctly stated. Ordinarily, these points will be those
with maximum values of the statistic r. Therefore,

F1G. 1. A hemispheric distribution of erroneous rejections of the
local null hypothesis at a significance level of 5%. For the stippled
areas a climate change is falsely stated (Experiment 4, i = 2).



JANUARY 1982

all points of the first experiment for which the local
alternative are accepted with a significance level of,
say 10%, could be defined to form the first guess.
With a subsequent multivariate test restricted onto
this first guess and applied to the results of the sec-
ond, similar, but statistically independent experi-
ment, the global decision can be carried out.
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