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Lecture Tutorial
1. Introduction 9.00–9.35
2. Persistence Models 9.40–10.15
3. Bootstrap Confidence Intervals 10.20–10.55
4. Regression I 11.00–11.35 14.30–16.30
5. Spectral Analysis
6. Extreme Value Time Series
7. Correlation 11.40–12.15 17.00–19.00
8. Regression II
9. Future Directions

4 1 Introduction

assumption like others in the business: three-dimensional space, time
arrow and causality, mathematical axioms (Kant 1781; Polanyi 1958;
Kandel 2006). The book also follows the optimistic path of Popper
(1935): small and accurately known ranges of uncertainty about the
climate system enable more precise climate hypotheses to be tested,
leading to enhanced knowledge and scientific progress. Also if one shares
Kuhn’s (1970) view, paradigm shifts in climatology have better success
chances if they are substantiated by more accurate knowledge. It is the
aim of this book to provide methods for obtaining accurate information
from complex time series data.

Climate evolves in time, and a stochastic process (a time-dependent
random variable representing a climate variable with not exactly known
value) and time series (the observed or sampled process) are central to
statistical climate analysis. We shall use a wide definition of trend and
decompose a stochastic process, X, as follows:

X(T ) = Xtrend(T ) +Xout(T ) + S(T ) ·Xnoise(T ), (1.1)

where T is continuous time, Xtrend(T ) is the trend process, Xout(T ) is
the outlier process, S(T ) is a variability function scaling Xnoise(T ), the
noise process. The trend is seen to include all systematic or determi-
nistic, long-term processes such as a linear increase, a step change or a
seasonal signal. The trend is described by parameters, for example, the
rate of an increase. Outliers are events with an extremely large absolute
value and are usually rare. The noise process is assumed to be weakly
stationary with zero mean and autocorrelation. Giving Xnoise(T ) stan-
dard deviation unity enables introduction of S(T ) to honour climate’s
definition as not only the mean but also the variability of the state of
the atmosphere and other compartments (Brückner 1890; Hann 1901;
Köppen 1923). A version of Eq. (1.1) is written for discrete time, T (i),
as

X(i) = Xtrend(i) +Xout(i) + S(i) ·Xnoise(i), (1.2)

using the abbreviation X(i) ≡ X(T (i)), etc. However, for unevenly
spaced T (i) this is a problematic step because of a possibly non-unique
relation between Xnoise(T ) and Xnoise(i), see Section 2.1.2.1. The ob-
served, discrete time series from process X(i) is the set of size n of paired
values t(i) and x(i), compactly written as {t(i), x(i)}n

i=1. To restate, the
aim of this book is to provide methods for obtaining quantitative esti-
mates of parameters of Xtrend(T ), Xout(T ), S(T ) and Xnoise(T ) using
the observed time series data {t(i), x(i)}n

i=1.
A problem in climate analysis is that the observation process super-

imposes on the climatic process. Xnoise(T ) may show not only climatic
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1.5 Aim and structure of this course
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