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Summary

This review is a contribution on applications of statistical procedures to environmental
data. Since this has become a very vast field, a comprehensive presentation seems to be
impossible. Therefore, only some important areas were chosen, starting with modern
tools for graphical presentation of univariate and multivariate environmental data sets.
Understanding correlation is supported by an example of heavy metal content of
sediments in waters.

Linear and non-linear nonparametric regression is an interesting and important
technique in all kinds of statistical applications. Principal components- and factor
analysis are illustrated with the same heavy metal data set. Cluster analysis and analysis
of variance conclude the chapter on multivariate procedures. Time series analysis has
become an important area also for environmental data. Trend- and seasonal estimation
are exemplified with monthly measurements of phosphorus contents in the lake
Constance. Exponential smoothing as a simple forecasting device is applied to a similar
data set and ARMA modelling is illustrated with monthly measurements of sodium
content of Lake Constance. The contribution finishes with a glance at geostatistics.

1. Introduction

Statistics is an indispensable means of environmental research. It is used to analyse and
to interpret the increasing flood of vast data from environmental areas, which are often
of heterogeneous nature and show high variability. Many important results and
statements concerning our environment are based on statistical investigations, such as
changes of the ozone layer, climate changes etc.

But also less spectacular results about the influence of various human activities on
certain environmental parameters which are not obvious at first glance and
superimposed by considerable random variations are important findings of statistical
analysis. In official statistics environmental monitoring has become a serious tool for
political consulting. For environmental research also statistical methods for the design
and analysis of experiments play an important role.

A specific scientific discipline of environmental statistics does not exist. The whole
statistical methodology may be used in investigating environmental questions. But it is
also true that certain statistical techniques are of particular importance because of the
special nature of the question.

Particularly, procedures where the position of the data in time and / or space is taken
into account are of importance, such as methods of time series analysis, the theory of
point processes and geostatistics. For the investigation of phenomena that consist of
several simultaneously interacting variables procedures of multivariate statistical
analysis are of interest.

For the analysis of exceptional natural phenomena extreme values theory may be
helpful and sampling theory is useful in answering questions like “on which spots and
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how frequently should certain environmental parameters be measured in order to get a
satisfactory picture of the general situation”.

2. Environmental Data

In environmental research quite often the measurement, collection, storage, processing
and analysis of data are not carried out by the same institution. Only in exceptional
cases there is one person who knows about all the details of collection and analysis of
the data, who knows about the scientific environmental background and at the same
time also about the mathematical procedure and algorithms for the statistical evaluation
and the presentation of the results.

There is a great complexity in environmental statistics. Heterogeneous data from
different sources and collection principles are analysed simultaneously. There are
dependencies between the measured quantities that usually do not follow fixed laws or
rules, but reveal random variability. Besides this variability in the nature of the
environmental problem there is variability in time and space. And measurements in time
are not repeatable.

From time to time disturbances in the measurement device lead to a loss of some data
and lacunas in the data series. Sometimes one realises during the exploration process
that measurements at intermediate points would be helpful. Therefore a learning process
goes along with the statistical analysis. Also different time scales have to be taken into
account. Some measurements are taken half-hourly, others only daily or once a month.

Another problem lies in the abundance of data in environmental statistics. Although
modern computer technique can cope with this, problems of compatibility,
standardisation and data harmonisation arise as obstacles. Storing of data is often
connected with coding. But the description of the coding principles is sometimes
insufficient and this may make it difficult to join data from different sources together.

If you have not done the measurements yourself then you may lack information about
the measurement process itself. This may start with lack of information about the
definitions of what is being measured (exact objective, temporal and spatial
description), the accuracy and the liability of the data. Closed information systems
where all stages of data collection follow a unified principle are rather the exception in
environmental statistics.

2.1 Data structures

The basic structure of an environmental data set is a matrix, where usually the rows
correspond to the individual objects (measurements, time units or measuring spots) and
the columns contain the series of readings for the corresponding variable. The units in
the columns may be logical characters (true = 1 or false = 0), ordered or unordered
categories, integers (count data) or reals (measurements) — they may also contain a time
information or a coding of the measurement spots. The coding of missing data and of
censored data (for extreme values) has to be fixed. Of course some describing or
classifying text may be contained as well in the rows.
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In environmental statistics most data are the result of a measurement process, where the
measuring instruments have a certain degree of precision and a limited range of scale.
Both have to be taken into account in the analysis of the data, as well as their liability.
Unintentional failure of measurement instruments and disturbances of a transmission
channel may lead to false or missing values. If the deviations are big enough, the
corresponding data are detected as outliers. There are statistical procedures to perform
this. Supplementary aetiology may even lead to a correction of the values.

Intentional modification of data cannot be excluded if interests of persons involved are
touched. For example, unwelcome measurement results are discarded or transformed.
Also a convenient choice of measurement times and spots may influence the result. In
environmental data threshold values play an important role. Short exceeding or large
averages express completely different things and may be chosen according to the
emittents discretion.

Often it turns out only in the course of the research process which data are relevant for
the question at hand. Consequences can be drawn from this only for future research.
Preliminary examinations may be helpful to give evidence about which data are of
importance.

Data protection rules may also play a role in environmental statistics although one
thinks that observance of secrecy should be kept on a low level for environmental data.
But economic and personality protection rules have to be allowed for. In medical
research the personality rights of the examined patients have to be observed.

The choice of the time scale is also of importance. Often there is no choice and one is
obliged to work with a given time scale. The intervals are given by social convention or
technical circumstances. Sometimes it turns out only later which scale would have been
reasonable or optimal for the project at hand.

Usually the time needed for an environmental analysis is not limited. But particularly in
environmental monitoring with the aim of defence of danger or damage for the
environment the measurement results have to be transformed into warnings and
announcements without delay. Of course statistical procedures have to take this into
account. They have to work more or less automatically with human interactions only in
exceptional cases.
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