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Abstract

Nowadays, environmetrics based on the principles of fuzzy logic has become an important and sophisticated statistical instrument in modern
science, being an adequate tool to investigation the principles of interaction of elements/variables and their integration into a system. This paper is
intended mainly for a wide community of ecologist, which are interested in principles of using fuzzy logic in environmental researchers. Properties
of environmetrics based on fuzzy logic principles as a useful tool of investigation in environmental studies, are considered and discussed both in
the terms of objectives and the examples of using techniques under interest concerning air, water and land ecological systems.
© 2006 Elsevier B.V. All rights reserved.
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1. Environmetrics based on fuzzy logic
principles—common tendencies

Chemometrics has been evolving as a subdiscipline in chem-
istry for over 30 years as the need for advanced statistical
and mathematical methods has increased with sophistication
of chemical instrumentation and processes [1]. As defined by
Massart et al. [2], “chemometrics is a chemical discipline that
uses mathematics, statistics, and formal logic to design or select
optimal experimental procedures, to provide maximum relevant
chemical information by analyzing chemical data and to obtain
knowledge about chemical systems”. Nowadays, the chemomet-
rics is not only limited to formal logic. Named as environmetrics
and often based on fuzzy logic principles is concerned with
the application and development of statistical methodologies in
environmental sciences.

Fuzzy logic was introduced in the 60s [3]. It simplifies the
process of taking decisions by simulating the way of reasoning
of a human expert in environments characterized by uncertainty
and imprecision. The idea behind fuzzy logic is that an element
can belong partially to several subsets, unlike classical logic
(Boolean) where belonging or not to a set are mutually exclu-
sive. The degree of belonging to a set is a value between 0 and
1, usually determined by to what extent an element belongs to
a fuzzy subset or a category of a variable. The concept of a
fuzzy set is illustrated schematically by a simple example con-
nected with environmental research in Fig. 1. The horizontal axis
represents an environmental quality, such as a pollutant concen-
tration which is always positive, and the vertical dashed line is
the environmental standard, or objective. In this co-ordinate sys-
tem three fuzzy sets are defined representing good, medium and
poor environmental quality. The vertical axis shows the mem-
bership degree (membership function), which can have various
equations of each fuzzy set. Scientific details on the method-
ology of various chemometrical techniques with implemented
fuzzy logic rules can be found elsewhere [4–9] and are not pre-
sented in details in this review due to the difficulty of making
it representative as the list of available techniques and possible
variations is huge. Despite this we decided to present briefly
the possible major objectives which can be accomplished suc-
cessfully using chemometrics based on fuzzy logic principles:
forecasting, modeling and classification.

1.1. Forecasting

Time series (TS) are sequences of independent random vari-
ables (observations) describing a phenomenon at successive

Fig. 1. Schematic explanation of fuzzy sets.

points in time. The main purpose of TS analysis is: (i) to make a
statistical analysis of relations between successive observations;
(ii) to predict (forecast) future values of the TS; (iii) to detect
mechanisms that govern changes in the observed phenomenon in
time, in other words, to determine the nature of the phenomenon
represented by the sequence of observations. Nowadays, the
time series analysis is commonly connected with neural network
approach. Artificial neural networks (ANNs) are mathematical
models consisting of a network of computation nodes called neu-
rons and the connections between them. Adaptation of a neural
network to solving a particular task takes place through a train-
ing process using typical stimulations and required responses
corresponding to them, and not through defining an algorithm
and writing it down in the form of a program, as would be the
case in traditional modeling methods [10].

1.2. Classification

A basic problem that arises in a wide variety of fields, includ-
ing analytical chemistry is the so-called clustering problem.
Classification is useful, since it allows meaningful generaliza-
tions to be made about large quantities of data by recognizing
among them a few basic patterns. It plays a key role in searching
for structures in data. Each of these structures is called cluster
or class. A class is a group of individuals (e.g., soil samples or
pixels of a image) which resemble each other more strongly,
in terms of particular properties, than they resemble members
of other classes. There are various ways in which classifica-
tion may be carried out. Generally, two types of algorithm are
distinguished, these being hierarchical and non-hierarchical or
relocation clustering. Both methods require the calculation of
a (dis)similarity matrix. This (dis)similarity which is really a
measure of the proximity of the pair of objects (points) in the
p-dimensional characteristic space, defined by the p properties
measured for each individual, is usually expressed in terms of
either the Euclidean or the Mahalanobis distance between the
two points.

1.3. Modeling

Fuzzy systems, including fuzzy logic and fuzzy set theory,
provide a rich and meaningful addition to standard logic. The
mathematics generated by these theories is consistent, and fuzzy
logic may be a generalization of classic logic. The applications
which may be generated from or adapted to fuzzy logic are wide-
ranging, and provide the opportunity for modeling of conditions
which are inherently imprecisely defined, despite the concerns of
classical logicians. Many systems may be modeled, simulated,
and even replicated with the help of fuzzy systems, not the least
of which is human reasoning itself. Fuzzy logic is the way the
human brain works, and we can mimic this in machines so they
will perform somewhat like humans [11].

Uncertainty analysis, common in environmental studies can
be dealt with fuzzy methods where uncertainty is due to vague-
ness or “fuzziness” rather than only to randomness. There-
fore, environmental data or classes of ecological objects can
be defined as fuzzy sets with not sharply defined boundaries
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