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Preface

This meeting, the fifth in the sequence of International Meetings on Statistical Climatology, represents the frui-
tion of an idea that was born about 15 years ago. The concept which was the basis of the first meeting in 1980
was that statistics is an essential part of climatology and that a full understanding of our climate and its mechan-

. isms depends very much on the development of sophisticated and powerful statistical methodology. The size of

this volume, the number of participants in this meeting, the disciplinary diversity of the participants and their
wide geographical dispersion all provide evidence of the extent to which this idea has matured and flowered.

The IMSC meetings are the children of a small steering committee of like minded scientists that is chaired by
Prof. Allan Murphy. To the credit of the steering committee, each IMSC meeting has been allowed to have its
own distinct characteristics which are coloured by the research priorities of the day, the interests of the program
chair and the meeting venue. All three have certainly had an impact on this meeting.

Many people and organizations contributed to the planning and execution of this meeting and the production of
this preprint volume. Because any attempt to acknowledge everyone involved is certain to result in ommissions
I will not be exhaustive in this regard. ‘I am genuinely appreciative of the efforts and contributions of all the.
individuals and organizations who have contributed to this meeting and hope that you will accept my thanks.
None the less, there are some individuals and groups whom I would like to single out for special thanks. First,
the members of the program committee and their designates deserve kudos for the superb work which they have
done. Secondly, this meeting enjoys the support of several financial backers who have enabled us to bring a
substantial number of invited and international participants to this meeting. These backers are the Atmospheric
Environment Service of Canada, the Natural Sciences and Engineering Research Council of Canada, the World
Meteorological Organization and the Canadian Meteorological and Oceanographic Society. Thirdly, 1 would like
to thank Derita Wittke for her invaluable assistance in compiling this volume and in performing the myriad of
organizational and clerical tasks that are part of organizing any meeting of this type. Fourthly, I would like to
thank Evelyn Mazur and the American Meteorological Society for the logistical support which they have pro-
vided. Finally, I would like to thank my colleagues in the Canadian Climate Centre for the support and
encouragement they provided during the evolution of this endevour.

is Zwiers

Program Chairman
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ABSTRACT

A fifty-year time series of monthly stratospheric ozone readings from Arosa, Switzerland is ana-
lyzed. The time series exhibits the properties of a periodically correlated (PC) random sequence with
annual periodicities. A test to detect periodic correlation is presented. An ARMA model with period-
ically varying coefficients (PARMA) is fit to the data in two stages. First, a periodic autoregressive
model (PAR) is fit to the data. This fit yields residuals that are stationary, but non-white. Next, a
stationary ARMA model is fit to the residuals and the two models are combined to produce a larger
model for the data. The combined model turns out to be a PARMA model and yields residuals that

have the correlation properties of white noise.

1. Introduction

The seasonal nature of weather imparts a seasonal
structure into many meteorological time series.
Frequently, . the seasonal structure is in the form of
periodic correlation. A random sequence {X,} with
finite second moments is called periodically correlated
(PC) with period T if p(n)=E[X,] and C(m,n) =
Cov(X,,, X,,) are periodic with period T*

#(n+T)=p(n) and
C(m+T,n+T)=C(m,n). (1.1)

To avoid ambiguity, the period T is taken as the
smallest positive integer such that (1.1) holds. When
T =1, {X,} is covariance stationary and will be
referred to as stationary for short. One can always
assume that p(n) =0 by examining {Xn-—p(n)}; in
practice, the periodic sample mean is subtracted from
the data. ’

This paper is concerned with modeling the cor-
relation structure of stratospheric ozone data. A model
is developed for a data set, plotted in Figure 1, that
contains 50 years of monthly observations from Arosa,
Switzerland. Adequate models for ozone data are im-
portant in the prediction of future values and in the
analysis of possible trends (Hill et al., 1986). A natural
choice for the period is T = 12; this choice will be
statistically justified by a test presented in Section 2.
Figures 2 and 3, which plot the monthly sample mean
and standard deviation of the data set in Dobson units,
clearly indicate that the data is nonstationary.

2. A test to detect periodic correlation

A test for detecting periodic correlation in {X,}
against the stationary null hypothesis was recently
presented by Hurd and Gerr (1991). A variant of this
test will be used in our numerical work that follows.
The test we propose uses the discrete Fourier transform
of the data sample {Xg, X{, . . ., Xy _,} defined by

1 N-1 —in/\j
In(\)= Ny Zoxne (2.1)
n=

at the Fourier frequencies A; = 2xj/N for j=0,1,...
, N —1. The test is based upon the following fact: if
{X,} is stationary, then I(A;) and Iy();) are uncor-
related except when A; = A; i {X,.} is PC with period
T, then In(};) and Ipn(Ag) are uncorrelated except
when /\jzz\k+27rh/T for some h =.0, +1, .. .,
+ (T —1) (Gladyshev, 1961). Here, the overline de-
notes complex conjugation. Thus, a statistic designed
to find correlations in the discrete Fourier transform
should prove useful in detecting periodic correlation.

For he {0, £1,...,% (N —1)}, define the M-point
sample coherence

. 2 (22)
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m
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| 7h, a1 (3;) |2 =

2
The quantity | v, ps(A;)| is called Goodman’s squared
coherence statistic (Goodman, 1965) and takes values






