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Environmental informatics 



Introduction to Environmental Informatics
Environmental informatics is a part of applied
Informatics and supports methods and procedures
of information technologies which contribute to
environmental data analysis and environmental
protection.

It is a connection link between nature and
engineering.

Applying data sampling and data analysis methods
statistics simulation models and decision support
systems on environmental problems and tasks one
gets simulation results and prognoses to explain
and to solve environmental problems.

Methods of environmental informatics form a basis
of decision making processes for environmental
problems using state-of-the-art computer
technology.



Topics of environmental informatics

• data capture and data storage
• methods of environmental sampling
• environmental data analysis
• environmental statistics
• environmental time series
• environmental simulation models
• decision support systems



Information technology

• Data base systems (DBS),
• Laboratory information and management 

systems(LIMS)(documentation)
• Environmental information systems (EIS),
• Geographical information systems (GIS),
• Satellite imagery systems (SIS),
• General positioning systems (GPS).



Decision making
• Data bases (create, maintain, and 

control)
• simulation models (SM) (Monte 

Carlo model)
• knowledge systems (KS) 
• decision support systems (DSS).(ex. 

Book seller and bank loan )



Environnemental information Systems (EIS)

• Management of data about soil, air and
atmosphere, water and waste water, species and
individuals in the environment.

EIS are tools to
• collect,
• analyse,
• condense,
• administrate,
• visualize
• environmental data, to use model building and

simulation techniques, and to make environmental
data available for decision makers.



Ecosystems
• Mostly, tools of environmental informatics are

applied to ecosystems.
• An ecosystem is defined in principle as a biotic

and functional system or unit, which is able to
sustain life and includes all biological and
non-biological variables in that unit.

• Spatial and temporal scales are not specified a
priori, but are entirely based upon the
objectives of the ecosystem study.



Approaches to the study of ecosystems
• Empirical studies - where bits of information are

collected. An attempt is made to integrate and
assemble these into a complete picture (Restoration ecology)

• Comparative studies - where a few structural and a
few functional components are compared for a
range of ecosystem types (Same ecosystem but different geographic
regions)

• Experimental studies where manipulations of an
ecosystem are used to identify and elucidate
ecological mechanisms (Human activities -altered continental
ecosystems).

• Modelling and computer simulation studies to work
out ecosystem management plans and to derive and
eco-technological tools for goal oriented control
actions.





Complexity of ecosystems
• Environmental systems are complex dynamic

systems. They are characterised by high dimension
(expressed by the number of subsystems and
interrelationships). Solving complex
environmental problems the system has to be
decomposed.

• Complex systems may be also
characterised by the degree of computability and

the uncertainty of statements.
• Problems of observability of system

characteristics, controllability of system
states, perturbability of system states (disturb or disquiet greatly)
reachability of system states (FINAL), and robustness of
mathematical model description have to be solved
and questions on the reality of the mathematical
model have to be answered. 

• Mostly the information
structure of complex systems is restricted

because of aggregated information levels within
the system.



Environmental objects (EO)
– The first step of data processing concerns the

mapping of environmental objects(real world
objects) to entities that are more abstract and
can be handled by computers or directly by
decision makers.

– Environmental objects can be natural entities
(e.g. animals, plants, lakes, hills, landscapes)
or man-made structures (e.g. houses, towns,
factories). Each environmental object is
mapped to a collection of environmental data
objects.

– For instance, a typical environmental data object
would be a time series of water quality
measurements which describe the time varying
behaviour of a certain chemical substance in a
lake or river (the corresponding environmental
objects).

•



Characterisation of an environmental system 
(ES)

• An environmental system (ES) is a set of
interrelated objects (e.g. animals, species,
elements, parts, compartments) that have certain
general properties

• It fulfils a certain function
• It can be defined by a system purpose

recognisable by an observer

• It has a characteristic constellation of
(essential) system elements and an (essential)
system structure which determines its function,
purpose, and identity

• It loses its identity if it is destroyed.

• A system is not divisible, that means the system
purpose can no longer be fulfilled, if one or

several (essential) elements are removed.
•



Environmental metadata
• Environmental metadata refer to a particular

environmental data object.

• Each environmental data object is associated with one
or more metadata objects that specify its format and
contents. (ex. author, date created, date modified, and
file size)

• Data on spatial and/or temporal scales are included.



Environmental data analysis 





Purpose of data collection

• strong inferences
• Influence the type and strength of 

statistical inferences
• identifying the desired scope of inference
• choosing appropriate experimental 

(sampling) units
• choosing the types of data to collect.
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What is a Simulation ?
• It is an experiment in a computer where the real system is replaced by the 
execution  of the program.

• It is a program that mimics (imitate) the behaviour of the real system

•A Simulation is the imitation of the operation of a real-world process or system overtime.  It can 

be done by hand or on a computer.

• The behaviour of a system as it evolves over time is studied by developing a simulation model.

• This model takes the form of a set of assumptions concerning the operation of the system.

• The assumptions are expressed in
•Mathematical relationships
•Logical relationships
•Symbolic relationships between the entities of the system.



Modelling and Simulation

Discipline of understanding and evaluating the interaction
of parts of a real or theoretical system by;

Designing its representation (model)

Executing (running) the model including the time and  
space dimension (simulation).



Why Simulation?

Accurate Depiction of Reality
Parts of the system may not be observable (e.g., internals of a silicon chip or
biological system)

Insightful System Evaluations
It may be too difficult, hazardous, or expensive to observe a real,
operational system



Uses of Simulations
1. Analyse systems before they are built

2. Reduce number of design mistakes

3.Optimize design

4. Analyse operational systems

5. Create virtual environments for training, entertainment



When to use Simulation
Over the years tremendous developments have taken place in computing 
capabilities and in  special purpose simulation languages, and in simulation
methodologies.

The use of simulation techniques has also become widespread.

Following are some of the purposes for which simulation may be used.

Simulation is
experiments

very useful for
with the internal

interactions of a complex system, or
of a subsystem within a complex
system.

Simulation can be
employed
to experiment with
new designs and
policies, before
implementing

Simulation can be used to  
verify the results obtained by

methods and
the analytical

analytical  
reinforce
techniques.

Simulation is very
useful in determining
the influence of
changes in input
variables on the
output of the system.

Simulation helps in suggesting
modifications in the system under
investigation for its optimal
performance.



When Simulation is Not Appropriate








