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INTRODUCTION

The scientific programme Highly Structured Stochastic Systems (HSSS), sponsored by the

European Science Foundation, funded in 1998 a workshop on Statistical models and methods

for discontinuous phenomena. The workshop was organised by Arnoldo Frigessi, Nils Lid

Hjort and André Teigland, and took place at the Norwegian Computing Centre in Oslo.

The aim of the workshop was to bring together statisticians working in different areas, such

as nonparametric density and function estimation, Bayesian image analysis, smoothing,

wavelets, one-dimensional signal reconstruction, spatial processes, etc., whose work specifi-

cally touches or involves problems and models, for theoretical or applied purposes, where

‘discontinuities’, broadly defined, are an integral and informative part.

There are many problems in which one is interested in detecting abrupt changes in a cer-

tain phenomenon, such as the quality of industrial production, survival patterns of biological

or artificial entities, the composition of a metal, the geological structure of an oil reservoir,

climatic, environmental and meteorological measurements, like rainfall or air pollution, etc.

Besides structural discontinuities, which are related to the deterministic, mechanistic nature

of the phenomena, there are also discontinuities in the stochastic components. These may

genuinely describe a part of the system, or the ways in which data are captured or observed.

In this case the discontinuity might be in the noise terms; for example, a time series might

undergo a sudden change in the variability level, or a regression model may have different

noise term distributions for two covariate regions.

Finally there is also a more artificial situation in which the underlying phenomenon is

perfectly smooth, but where the statistical methodology, via the model or perhaps the estima-

tors used, has discontinuous features. When using mixture models, for example, there might

be uncertainty about the number of components, so that inference is also including model
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order. The inferential methodology needs to inspect many possibilities and the process of

moving in the space of models requires discontinuous jumps between models with different

order. Another example is that of analysing regression data via tree-based models. Estimating

smooth functions with discontinuous ones is not necessarily inconsistent or unfruitful; the

empirical distribution function is the classic estimator of a smooth cumulative distribution

function, and step functions can very well approximate smooth regression functions. A

perhaps less obvious example, where the discontinuities involved are somewhat hidden, is

when a parametric regression estimate is presented, where the model used has been chosen

by some criterion like the AIC or BIC.

In order to analyse, detect, test or exclude the presence of such discontinuities, statisticians

have been designing models and inferential methods specifically developed for the identifica-

tion of discontinuities when data are perturbed by noise. The challenge is to distinguish

discontinuities due to noise and natural variability of the studied phenomena from structural

changes. The methods designed for such situations must be able to smooth and de-noise

without cancelling informative peaks, edges or clusters. In order to perform such inference,

more information about the noise, the natural variability and the type of envisaged disconti-

nuity have to be incorporated into the modelling. This can be done inside both frequentist

and Bayesian frameworks. From more traditional changepoint analysis in linear models to

cluster detection in spatial point processes, many different approaches are available, often

arising from different areas of statistics and related to specific applications. Parametric and

nonparametric approaches may both be suitable, depending on the circumstances.

A challenge of a different nature is that of the interpretation and sometimes verification

of ‘detected’ discontinuities. This would be quite context-dependent. Some ‘detected

FIGURE 1 The frequency of Norwegian children called ‘Harald’ (dotted line) and ‘Astrid’ (full line), in percent,
from 1880 to 2000.
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changepoints’ later turn out to have been incorrectly interpreted, for example through not

having been aware of changes in the quality of data. There are complementary instances

where discontinuities, found statistically, appear to have no rational explanation behind

them, until perhaps an explanation is brought forward later. The reader might try to decide

whether the apparent jumps in the popularity of the Norwegian ‘Harald’ and ‘Astrid’

names are real, for example, and then look for a royal explanation. The reader is similarly

invited to find out whether the jump in quality of speedskating results in the 1998 season

should qualify as a real changepoint or not.

THE PRESENT VOLUME

The purpose of the present ‘special issue’ is to publish articles on the discontinuity theme and

which came about in natural continuity of the Oslo workshop. The 13 articles that were

selected reflect in breadth of application and theoretical investigations the ongoing research

frontiers (as well as the spirit of the workshop). It is hoped that the volume can help stimula-

ting further research work and also, specifically, to help bringing together different branches.

There are problems related to actual applications which are in need of further methodological

development, and there are theoretical research themes that perhaps need input and

corrections from people working with applications.

The present journal was seen as a natural home for such a collection of papers, given the

journal’s general aims and ambitions and in view of the strong nonparametric element in most

FIGURE 2 The five best results in the 5000 m speedskating event, per year, from 1970 to 1998.
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of the models or methodologies employed. Some of the papers are nevertheless using

parametric models, directly or indirectly, to attack discontinuity problems; see those by

Cornford et al., Hjort and Koning, Hodgson, and Sebastiani and Sørbye.

Most of the articles assume that the underlying phenomenon undergoes some structural

change. This is generally described by (one or more) discontinuities in the mean or variance,

which are often regressed on some covariates. The approach and methods presented by Hjort

and Koning can be used to test whether there in fact has been a changepoint in the distribu-

tional assumptions of the model. Such features can suddenly change, due for example to a

critical deterioration of a measurement or production mechanism, or other external features.

The distribution of the number of children per woman in a society may change as a partial

consequence of politically or economically determined incentives.

Gayraud considers discontinuities of the density function. This is an interesting problem,

placed in a classic context, though there would be few practical settings where such a

phenomenon, in its pure form, could appear. Perhaps such jumps are best seen as a model

statement simplification of a rapid growth or decline. There are biostatistical or reliability

applications where individuals or components undergo shocks that change the underlying

hazard rate function. Thus a model could postulate that the hazard rate changes from a

low value to a higher value at a shock point t0, say. The t0 values for different individuals

would be smoothed over in the population model for the hazard, however. Inference for t0
values would have to be carried out somewhat indirectly.

The type of discontinuity in Mallick et al. and in Viallefont et al. is fundamentally

different. The underlying system can be perfectly continuous; it is the inferential

methodology of model selection that is based on Markov chains that jump from one state

space to another. If we follow the Markov trajectory, we observe discontinuities due to transi-

tions between state spaces with different dimension and interpretation. The paper by Arjas

discusses the general issue of structural versus model artificial discontinuities and other

fundamental issues.

There are very many real life situations where abrupt changes occur; we are all

discontinuities for our parents. The applications considered in the 13 papers of this volume

are in meteorology (temperature and wind fronts), ion channels, functional and non-

functional magnetic resonance imaging, car traffic accidents, reliability, image analysis,

and behaviour of criminals under changing laws. Several papers present simulation

studies in realistic settings, which are useful to investigate the proposed methodologies in

practice.

The papers in this volume propose and apply a very large spectrum of statistical methodol-

ogies. Here is a list of the key element in the various papers: wavelets (Antoniadis and

Gijbels), Bayesian inference (Arjas, Cornford et al., Hodgson, Mallick et al., Sebastiani

and Sørbye, Viallefont et al., Winkler and Liebscher), minimax estimation (Gayraud), non-

parametric testing (Gayraud and Tsybakov, Gregoire and Hamrouni, Hjort and Koning),

trans-dimensional Markov Chain Monte Carlo simulation (Hodgson, Mallick et al.,

Viallefont et al.), filtering (Rue et al., Winkler and Liebscher), classification (Rue et al.,

Sebastiani and Sørbye), and edge detection (Gayraud and Tsybakov, Winkler and Liebscher).

To develop new powerful methods for detecting abrupt structural changes is still of great

interest, theoretically as well as for practical purposes. The term ‘detecting’ covers both

estimation and testing. The formal descriptions of changepoints are quite different for differ-

ent applications, and there is a general need to create a common area around ‘discontinuities

in function estimation’. These viewpoints are also supported by a simple literature search,

which easily spotted more than sixty on-topic publications over the last two years alone,

again reflecting a broad variety of theoretical and applied problems. Models, methods and

applications for discontinuities clearly mark a growth area of statistics.
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