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How can we live in a sustainable 
way on our planet Earth?

How can science, in particular Systems Analysis, be helpful?
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Interactions in socio-natural systems Interactions in socio-natural systems

Systems thinking for a 
sustainable development 

A sustainable development requires that Man
(and his technical and socio-economic systems) 
can co-exist with Nature (and its biogeo-
chemical and ecological systems).  

In order to harmonise these different types of
systems requires a deeper understanding of the 
system properties and what make them more or 
less stable. 

We must find a balance between stability and 
flexibility.

Systems thinking for a 
sustainable development

Which kind of science and which technology 
promotes a sustainable development? 

What can science and mathematics contribute 
with?

Can systems analytical models give us a greater  
understanding of natural and artificial systems 
and be guiding for how we can make these 
systems function more efficiently together?

Specifically, how can science and systems 
thinking aid us to attain a more sustainable use 
and management of the natural resources? 

What is systems thinking?
a collection of elements that are 
connected together to form an 
ordered whole

System =

Systems thinking implies that emphasis is put on the whole, 
the structure and the relationships between the parts of a 
complex problem area.  

The structure of the system, i.e. the relations between the 
parts, is crucial for the system properties and behaviour.

The Whole > the sum of the parts
(Emergence)

Sciences and 
systems
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What is systems analysis?

Systems theory is the basis for modeling complex
systems, which are broken down into three basic
components: units, processes, and structures. Once these
three components can be identified, a mathematical
model can be produced. This model is then run through a 
simulation.

What is systems analysis?

Systems analysis is the science dealing with analysis of 
complex, large scale systems and the interactions within
those systems. This field is closely related to operations 
research.

The systems discussed within systems analysis can be 
within any field such as: industrial processes, 
management, decision making processes, environmental 
protection processes, etc. 

Systems analysis researchers apply mathematical
methodology to the analysis of the systems involved, 
trying to form a detailed overall picture.

What is systems analysis?
Systems analysis is a discipline that gives 
scientific theory, methods and techniques for:  

• description 
• experiments
• analysis
• planning 
• control

of complex systems.

Systems  analysis involves:

• a systems ”world view” and concepts

• a project methodology

• a number of powerful tools and techniques

What does Systems Analysis imply?

All analysis and problem solving in connections with a 
systems analytical study is made with the aid of a model of 
the studied problem area.

A model is a simplified picture, an abstraction, of the relevant 
aspects on the problem area.

The model can be more or less formalised depending on the 
nature of the studied problems.  

The purpose of a systems analytical study must always be 
clearly defined before the problem solving work can begin.

The result of a systems analytical study should not be seen as 
a complete answer, but as a part of a decision making.

Consequences of Ecosystem Change for Human Well-
being

Ecological – social - economical
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Purpose, system, and model

1. Purpose (objective): You decide what to study!

2. System: A set of objects together with 
relationships between the objects and between 
their attributes.

3. Model: A simplified reproduction/abstraction of 
the system.

Holistic thinking: Systems philosophy and 
techniques focus on the whole system

1. Purpose
• You have to choose what to study, and why.

• You have to formulate the goal in operative terms:

 Which data/information to collect?

 System boundaries?

 Model building

 Validation

 Analysis

 Evaluation of results

 Presentation of results

2. System
• A system consists of two types of entities: 

1. some kind of components, and 

2. the relationships between them

• The set of components and relations chosen should 
form some kind of whole.

• There must be some system boundary that 
separates the system from the rest of the world.

• The rest of the world, outside the system is called 
its surround, or environment.

Basic concepts in systems theory

ENVIRONMENT

Components

Boundary

Interaction

Relations

SYSTEM

A system can be larged, 
like a galaxy

Such systems often consist of a hierarchy of subsystems

…or a system can be a farm, 
or a tractor…
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…or a human brain

World Scientific, 2004 

Micro-meso-macro 
in social systems

Local – regional - global

• Village
• City
• County
• Region
• Country
• Continent/Union

Micro-meso-macro 
in social systems

But these concepts are relative, not 
fixed. 
For example, the concept of region
may refer to an area larger than a city 
but smaller than a country, 
or 
it could include several countries, such 
as the South-East Asia region.  

Complex systems

• Could be very simple, e.g. a double 
pendulum, chemical clocks

• Often consists of a large number of 
components, e.g weather, a cell, a 
brain, an ecosystem

Characteristics of complex systems

• non-linear
• feedback loops 
• self-organizing
• emergent
• behaviour often unpredictable
• often have large number of 

components
• often hierarchical
• often open
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Characteristics of Complex Systems

31

Complex behaviour

• Often appears abruptly, unpredictably
• Complex global patterns can be 

generated by repeatedly applying 
simple local procedures

• Above a certain threshold of complexity, 
new qualities arise (emerge)

The butterfly effect
sensitivity to initial conditions

”The flaps of the wings of a butterfly in Amazonas may cause a 
snow storm in Uppsala” 

3. Model
A model is a simplified reproduction of a real system, 

an abstraction, which we use to better describe, 
understand and predict our complex world

Mental
model

SYSTEM MODEL

Conceptualisation

Representation

Why use a model?
 We cannot avoid it. Our thinking deals with models!

 Models are simplified descriptions

 Model building brings knowledge and insight

 A formalised model can be discussed and criticised

 You can make experiments (simulations) with some

 When it is too expensive, time-consuming or 
dangerous to make experiments with the real system

 When we plan to make a real system

 Models have pedagogic merits

 ….

Is a sphere a good model of a cow?

That depends on what you are asking
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Spherical cows
“For evaluating thermal radiant exchange between 
a cow and her surroundings, the cow can be 
represented by an equivalent sphere.....”

(Perry, R.L., and Speck, E.P. "Geometric Factors for Thermal 
Radiation Exchange Between Cows and Their Surroundings", American 

Society of Agricultural Engineers Paper #59-323. ) 

Different types of models

Stoch-
astic

Determi-
nistic

Dynamic

Statistical 
models

Algebraic 
models

Differential 
equ. models

Dynamic &
stochastic 
models 

Many 
ecological, 
biological, 
agricultural, 
medical etc. 
systems 
belong here!

Static

Different kinds of 
systems/models

• Deterministic or stochastic systems

• Static or dynamic systems 

• Linear or non-linear systems

(The mathematical methods for linear systems 
are quite clear. For non-linear systems, 
mathematical analysis usually fails, and 
computer simulations are called for).

Mathematical models of complex 
(natural) systems

Mathematical models
A mathematical model is an abstract model expressed in 
mathematical language. ….

An abstract model is a theoretical construct that represents
something, with a set of variables and a set of logical and 
quantitative relationships between them. 

Models in this sense are constructed to enable reasoning 
within an idealized logical framework and are an important 
component of scientific theories. 

Idealized here means that the model may make explicit 
assumptions that are known to be false (or incomplete) in 
some detail. Such assumptions may be justified on the 
grounds that they simplify the model while, at the same 
time, allowing the production of acceptable accurate 
solutions.

Mathematical model building
specific general

model first-principle
estimation models

numerical analytical

stochastic deterministic

microscopic macroscopic

discrete continuous

qualitative quantitative
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Global change in average 
temperature 1880-2000

Climate change

Climate model A climate model

A climate model

Model complexity can be measured in many 
ways. Two measures are particularly important: 

1. the number of model parameters, 

2. the number of state variables in the model,  
(the model dimension).

Model complexity
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A model is always tailored to answer a specific set of 
questions. For a physicist, the ideal is to pick the model 
with the smallest number of parameters which will still be 
sufficient to answer the scientific questions posed. This has 
several consequences:

1. A simple model can be easier analyzed and understood.

2. A simpler model expresses a simpler scientific 
hypothesis in the sense of Occam’s razor. It cuts away 
elements that are irrelevant to the problem studied.

3. A model with fewer parameters is better constrained, 
making it easier to falsify. A model with many 
parameters can easily be adapted to the results of any 
experiment.

Model complexity

A model which has few parameters is more likely to 
express a well defined piece of scientific knowledge 
in the form of a falsifiable, hypothesis, while the lack 
of this kind of simplicity threatens the three benefits 
above. 

A large model dimension can make the model harder 
to analyze and understand but there are many 
techniques available for handling this kind of 
complexity.

Model complexity

Occam’s Razor

• Use as few unknown assumptions as 
possible in a theory or model. 

• Believe in the simplest of several 
possible explanations.

Einstein

“A model should be made as simple as 
possible, but not simpler.”

A correct model does not exist!

 A model is good if it describes the relevant 
aspects of the system according to the 
purpose

 A model/theory is better than another if it:

– describes more

– is better tested

– is ”smaller” (more comprehensive)

What affects the model?

MODEL

Purpose

System 
characteristics

Techniques
used

Results
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Modelling strategies
The modelling process

• Which components should be included in the 
model?

• Which components affect which? 

• Are these ”causal arrows” positive or negative?

• Formulate the relations in terms of equations.

• Assemble the equations into an equation system

• Solve the equation system => the behaviour
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Simulation = model experiment A model can predict a system’s 
response to a disturbance

Logistic growth from early to late 
successional stages

Early stage

Late stage
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The Adaptive Cycle

(Holling, 1992)

The model of the 
adaptive cycle focuses 
attention upon 
processes of 
destruction and 
reorganization, 
which are often 
neglected in favor of 
growth and conser-
vation. Including these 
processes provides a 
more complete view of 
system dynamics that 
links together 
system organiza-
tion, resilience, and 
dynamics.

Benefits of collapse

• Schumpeter labeled the collapse, 
“creative destruction”, since it 
allowed for new configurations 
and innovation opportunities

Collapse of Complex Societies (Tainter 
1988)

Complexification is limited as a problem solving strategy.

“More complex societies are more costly to maintain than 
simpler ones… as societies increase in complexity, more 
networks are created among individuals, more hierarchical 
controls are created to regulate these networks, more 
information is processed … increasing 
need to support specialists not directly 
involved in resource production, 
and the like”  (Tainter 1988).

Complexity

B
en

ef
it

 f
ro

m
 C

o
m

p
le

xi
ty

Thank you!


