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1.  INTRODUCTION  
 
The seminar notes briefly review reasons and successes of system thinking. Chapter 2 dwells 
on the philosophy and different methods of system thinking. We then continue with chapter 3 
to elaborate on different system approaches and their philosophy: hard systems methodology 
(Ch. 4), soft systems methodology (Ch. 5), and non-linear or complex system theory in Ch 6. 
Chapter 7 outlines some practical methods. And finally we provide some concluding 
comments on the notes in their entirety (Ch. 8).  
 
These notes were adapted for the Summer School that was held in Ierapetra, 22-29 August 
2006.  The summer school aimed at bringing complexity issues into practice with a special 
reference to rural development in the village of Anatoli. These notes hope to provide some 
background to the theory, the practice and the praxis of rural development in general and to 
new relations between consumers and producers more specifically. Extra emphasis is given to 
complex system methodologies (chapter 6) and methods and techniques to get started in real 
life (chapter 7). 
 
While reading these notes it should become clear that application of various system 
approaches for development is not just the adoption of other protocols within existing thought 
patterns (= paradigms). Use of system approaches for development can imply the basic 
change in setting of research and development priorities, procedures and paradigms that is 
explained in this text. In short: 
-  It aims to balance the traditional reductionist and objectivist attention to detail in HSM 

under assumption of ceteris paribus with holistic attention to context, relations in ceteris 
imparibus; 

-  It emphasizes the need for interdisciplinarity and stakeholder participation in design and 
testing of developments, typically the issue of context and perception in SSM. It thus 
requires new ways of - constructivist - communication between the different actors such as 
policy makers, farmers, researchers, extensionists, NGO's, etc.; 

-  CSM addresses differences of context, it stresses constant change (ceteris imparibus) It 
stresses acceptance of non-linearity, surprise, creativity, second-order thinking over 
linearity, standardization, rigid control, first order thought and equilibrium. It thus implies 
the need to reassess unspecified use of standard terminology such as efficiency and 
productivity, progress and improvement; 

The implicit step from reductionist to more holistic approaches in system thinking should be 
clear from these examples. And if it is not clear … then please read on! 
 



2.  SYSTEMS THINKING, PARADIGMS AND THEIR ROOTS  

 
‘Economists, in common with many other professionals, have their articles of faith, that is, oversimplified 
and generalized beliefs which may not stand up under deductive analysis.[…] One such […] article of faith 
in economics is the idea of the economy of scale, or bigger is better, with unit costs declining with output. 
In reality, relationships between input quantity and output benefit, when plotted as performance curves are 
not ever-rising curves but convex or “humped-back” curves. Which is to say that too much as well as too 
little is not optimum’.  

Odum E. P. (1975) 
 

2.1 Some real “old” systems thought and practice 
The large “family” of modern system practitioners in “the West” borrows its ideas from a 
series of thinkers that existed before the old Greeks in even older philosophical approaches of 
other cultures. One of the “fathers” of soft system thinking is Churchman and he mentions the 
Chinese “I Ching” or “Book of Changes” from the second millennium before Christ as the 
earliest document arriving at a systems approach to decision making (Churchman, 1974). He 
explains how the I Ching assumes that the reality of decision making can be broken up into 
sixty-four basic possibilities, each of which is rather general in nature. That number “sixty-
four” is much higher than the numbers “three” or “seven” that I like to use based on practice 
and notions from many cultures. But the essence using such numbers reflects the 
contradictory notion from modern complexity thinking that “nature” is unpredictable while at 
the same time it tends to repeat itself. 
 
Ancient Greeks and their western successors indeed have remarkable similarity in thinking 
with Asian and probably African, American or Aboriginal contemporaries. Chinese thinking 
was paralleled by those of early Hindu thinkers, who composed rules for different life-
situations into epochs like the Mahabarath and the Ramayana. The Mahabarath has  a central 
“chapter” (the Gita) where the “gods” argue in a Socrates-ian manner with humans about 
what is good and bad. The Gita’s centerpiece is perhaps the emphasis on process and direction: 
“do not work for the results”, but,”work is worship”.  It is an argument rather than a truth, and 
it is not unlike the arguments in Greek thinking that come “together” in quite similar epochs 
“Iliad” and “Odyssey” by Homer. The Greek must have borrowed from the Hindus and they 
must have added notions by themselves. As an aside: the Mahabarath alone is said to be about 
7 times the size of the Iliad and the Odyssey together! Another aside: it was an Islamic 
tradition of system thinking represented by Avicenna around 1100AD that rediscovered 
Aristotle. It were Islamic scholars that brought his thinking into the “Western” world together 
with algebra and other such sciences, long after the early church molded and shaped the 
traditions of the Greeks and the Middle East. Without that Islamic “move” the Renaissance 
and our present worldview might have worked out differently. Interesting background reading 
on western philosophy and the roots of our scientific thinking is from Checkland (1981, Ch 1); 
Gaarder (1995); Omar Khayam (1200) and Churchman (1974).  But let us have a closer look 
at system thinking and / or philosophy from the Greeks onwards, and for the time being, with 
an unfortunate emphasis on Western thought.  
 
2.2 Ancient system thinking and (un)certainty 
Western system thinking can trace its origins to the ancient Greeks and today it still tends to 
repeat arguments resembling those of millennia ago. For example, a major rift in modern 
thought occurs between traditions that think in terms of steady states (equilibrium, ceteris 
paribus), clockwork notions and “hard” facts on the one hand, and traditions that assume 
“fluidity” and uncertainty (non-equilibrium, ceteris imparibus) on the other.  

 



The first tradition sets fixed targets and tends to aim for "final" solutions. In this school of 
thought, an irrigation scheme, a new cultivar or biotechnology will, once and for all, solve the 
world food problem: “the war against hunger must be won” (Stakman et al., 1967). The 
second tradition thinks in fluid terms of change, combining several perceptions of reality. It 
accepts change by adaptive management. This reflects the notion of the Greek philosopher 
Heraclites who said "nothing is permanent". It contrasts with that of the Pythagoreans who 
hoped to perceive everything in terms of geometry. Much to their dismay they discovered that 
the value of p ("pi") could not be calculated numerically. A shock that resembles the 
difficulty of today's paradigm-shift: away from clockwork-certainty towards uncertainty; from 
control to participation1.  

Some centuries later, the early church “controlled” uncertainty for at least a millennium by 
proposing dogmas as a form of "unquestioned authority". This approach was challenged 
during the Renaissance by people who (at least implicitly) valued empirical observation over 
church authority. They hoped to get ultimate truth. This challenge reminiscent of the one 
today by postmodernists to traditional science (Funtowitz and Ravets, 1994). It was a time 
when Galileo and Copernicus proposed a heliocentric model of the solar system, an idea 
already expressed by early Greeks such as Aristarchus. It allowed for the use of much simpler 
methods to understand planetary behaviour. But at that time this was a notion that ran counter 
to established dogma. For example, Kepler’s suggestion to use ellipses challenged the 
religious “certainty” that planets represented some kind of deity, which by virtue of this 
nature should follow circles as indicative of their perfect form.  

A major contribution of Descartes (early 17th century) to the intellectual discourse concerning 
“reality” and uncertainty was to revive ancient notions of reason as a complement to the 
inadequacy of observation alone. It is a familiar and recurring argument between the 
rationalist and the empiricist: should we use reason and / or observation, should we use 
thought experiment or “actual” experimentation. The “reason” allows for “thought 
experiments”, but empiricists will always ask “how did you measure it?” I think that both 
approaches are good, depending on goal and situation: too much is not good, but too little is 
not good either! Einstein is even said to have done his major discoveries with his pencil, on 
thought experiments, he let others do the empirical testing!  Descartes did stress the need for 
uncertainty and doubt, but to get away from complexity, he further suggested to break big  
problems into small ones (box  3.2). It is a process that modern holistic system thinkers call 
deconstruction, and it can be quite useful unless it is carried too far.2 As a rationalist father of 
modern reductionism,  

Descartes also however rekindled a hard duality: the matter (res extans) and mind (res 
cogitans). This helped to cope with uncertainty, thus providing a useful conceptual tool in a 
time of much mysticism and little critical observation. Unfortunately, this separation of mind 
and matter has almost become an article of faith that is hard to shed. Today our thinking on 
agriculture may have too much emphasis on matter and too little on mind, although some 
biophysical thinkers tend to attribute to their socio-economic counterparts a similar excessive 
preoccupation with mind. Strange enough, Descartes has had great influence in reductionism 
and matter minds.  

 

                                                 
1 The terms “control” or “participation” are taken from Brian Goodwin (pers. comm., 1999) 
2 A reasonable argument can be made to explain why it is not useful to deconstruct further than into the 2nd lower 
level of system hierarchy, but that is left for later. Von Liebig was one of those that charted the road to 
mechanistic thinking when found the principles of futilities and when he carried further on that road, almost 
vehemently 



box 2.2. Basic thoughts by Descartes regarding the nature of reductionist scientific reasoning 
And as a multitude of laws often only hampers justice, so that a state is best governed when, with few laws, these 
are rigidly administered; in like manner, instead of the great number of precepts of which logic is composed, I 
believed that the four following would prove perfectly sufficient for me, provided I took the firm and 
unwavering resolution never in a single instance to fail in observing them.  
- The first was never to accept anything for true which I did not clearly know to be such; that is to say, 

carefully to avoid precipitancy and prejudice, and to comprise nothing more in my judgment than what was 
presented to my mind so clearly and distinctly as to exclude all ground of doubt. 

- The second to divide each of the difficulties under examination into as many parts as possible, and ad might 
be necessary for its adequate solution.  

- The third, to conduct my thoughts in such order that, by commencing with objects the simplest and easiest to 
know, I might ascent by little and little, and, as it were, step by step, to the knowledge of the more complex; 
assigning in thought a certain order even to those objects which in their own nature do not stand in a relation 
of antecedence and sequence.  

- And the last, in every case to make enumerations so complete, and reviews so general, that I might be 
assured that nothing was omitted 

The long chains of simple and easy reasoning by means of which geometers are accustomed to reach the 
conclusions of their most difficult demonstrations, had led me to imagine that all things, to the knowledge of 
which man is competent, are mutually connected in the same way; and there is nothing so far removed from us 
as to be beyond our reach,  or so hidden that we cannot discover it, provided only we abstain from accepting the 
false for the true, and always preserve in our thoughts the order necessary for the deduction of one truth from 
another. 
 

Descartes was followed by Newton, who developed formulas that explained what Leibniz 
described as the "clockwork" universe, in which everything is predictable i.e. where 
“certainty” rules, where “control” is possible, and where one knows “what happens in one 
place if one presses a lever in another place”. However, Newton was more exited to have 
discovered similarity between the microcosm of the falling apple and the macrocosms of 
planets. He was not primarily interested in the "clockwork" aspect of the universe. Perhaps his 
interest in this respect was incidental, and more in the repetition of form sense that is called 
fractal behaviour. And to shed a new light on manmade distinction between science and 
philosophy, it was Newton who said that he preferred philosophy over “what people called 
science”. Importantly, however, Newton could only calculate orbits of two bodies and not of 
three or more interacting bodies since complex "relations" confused the regularity of the 
clockwork universe. And by predicting movement of the pendulum he – usefully – neglected 
air friction, wear and tear of the pendulum and “swing” in the pendulum itself. Uncertainty 
was not overcome by Newton: he “shelved” it, and his deliberate simplification of nature was 
forgotten by his followers. 

Indeed, Newton's followers took the "two body” simplification as an article of faith. And the 
dispute about uncertainty between Einstein and Bohr, some two centuries later was essentially 
an argument about faith. Bohr accepted uncertainty and the effect of the observer as a 
physical phenomenon, while Einstein tried to further understand the "logic" of God’s thinking. 
He could not accept that God worked with chance (God does not play dice!), but he accepted 
the uncertainty-relationship established by Heisenberg3  for its instrumental value. These 
difficulties of Einstein reflect the one of the church with Galileo’s heliocentric world-view 
and Kepler’s ellipses. Cardinal Bellerminy could accept the formulas of Kepler and Galileo as 
“instruments”, as long as they were not meant to define a world-view, or to affect the existing 
paradigm. Darwin shocked society badly enough by suggesting the link man-monkey, a 
notion to keep us humble. Von Leibig’s work on chemistry represented a struggle on 
separating matter and mind. And does the paradigm shift towards a heliocentric worldview 
have similarity with the notion that animals (and / or plants) also have culture (De Waal, 

                                                 
3 It states that one cannot know both the place and the velocity of an electron simultaneously. 



2001)? Do these notions have more than merely instrumental value for agricultural 
development? Do they have a “religious” difficulty in accepting that “man” is part of nature 
rather than “in charge” of nature? Is Newton and Einstein’s struggle to find “God” in nature a 
“station past”. Where does modern thinking on agricultural development position itself, and 
how does our choice of method and paradigm affect the outcome of our analysis and 
prediction?  Do we continue to look for certainty of measurement, or do we accept uncertainty 
and the need for participation? 

 

2.3 Between the past and the future 
The notion of uncertainty has acquired a much more prominent place in system thinking since 
and even before the 1960s (Klir, 1991). A further breakthrough in thought involving 
uncertainty of physical systems came with the advent of computers and new insights from 
thermodynamic theory (Gleich, 1987). That was where empirical physicists and 
mathematicians came across the same notions as their “predecessors” who had already got 
there by using reason and through experiments. Uncertainty and need for choice is 
inescapable, as said by Sartre: mankind is condemned to be free. Uncertainty was also 
recognised by the founders of SSM in organisations, companies and communities, i.e., 
situations where humans play a central role (Prigogine & Stengers, 1985; Gleick, 1987; 
Checkland, 1999). I stress here, that: 

Uncertainty does not “belong” to either soft or hard science; it is likely to be an inherent 
characteristic of system behaviour in hard and soft system thinking. “Wrong” choices are 
made by either claiming or attributing these general system behaviours of uncertainty.  

The existence of uncertainty in both social and physical systems is hardly surprising if one 
remembers that the mind-matter distinction is man-made, and that it led to a situation where 
so-called “sciences” and “arts” seem to have lost the capacity to communicate (Ackoff, 1999).  
For some one hundred years now, the concepts of relativity and quantum physics have exerted 
their influence on the science of the very big and the very small. Now complexity has started 
to influence modern system thinking in and around agriculture. That was well recognised by 
the “early” soft system thinkers of the 1950s and even before, it was only “legitimized” for 
daily use and more than instrumental value by the mathematicians and physicists of the 1980s 
and 1990s. Still, the debate on uncertainty and on the validity of former distinctions is yet to 
show its full impact. Concerns about climatic change, recent outbreaks of BSE, political 
change and the threat of war, computer viruses, scepticism with regard to globalisation, etc. 
demonstrate only too well that “one can expect unexpected things to happen”, and that values 
and paradigms can undergo sudden and dramatic change. We appear to have returned to the 
days of Heraclites, who stressed fluidity in systems, in the days of Plato who talked of 
reflections of a real truth, and the days of Aristotle, who looked for patterns and drives behind 
systems. The challenge is to use these concepts beyond their instrumental value alone, and to 
let them have an impact on our global view of agricultural development in the 21st century. 

 
2.4 Various system approaches, mono-theism or poly-theism 
This chapter aims to show how various forms of agricultural system thinking are ultimately 
parts of what would be called a general system theory as shown in fig. 3.1. For the purpose of 
these notes I chose to distinguish between hard system methodology (HSM), soft system 
methodologies (SSM) and complex system methodology (CSM). But this distinction is only 
one of the many. Particular attention should be paid in this regard to the work of Jackson and 
Midgley on “critical system thinking” and their ‘”systems of system thinking” (Jackson, 1999; 
Midgley 2002 a, b, c, d). Indeed, so many forms of system research are found in the world 



(table 3.1) that a brief review on definitions backgrounds is required to avoid confusion while 
not aiming to set hard and fast rules. Agreement and understanding on principles of the 
system approach is far more important than the semantics of definitions. 
 

Table 3.1. Several branches of system research, i.e. a list of the "current special integration groups" (SIG's) of 
the International Society of System Studies (ISSS) 

- Hierarchy Theory 
- Systems Philosophy 
- Informatics and Communication Systems 
- Systems Studies of Climate Change 
- Futurism and Systems Change 
- Meta-Modeling and Systems 
- Epistemology 
- Systematic Approaches to Intelligence 
- Information Systems Design and Information 

Technology 
- Artificial Life Systems 
- Living Systems Analysis 
- Process Theory of Persons 
- Human Systems Inquiry 

- Business and Industrial Systems Application 
- Duality Theory 
- Law and Political Systems Analysis 
- Systems Modeling and Simulation 
- Systems Theory in Evolution and Emergence 
- Dissipative and Non-Equilibrium Processes 
- Systems Psychology and Psychiatry 
- Chaos Theory and Fractal Analysis 
- Research Towards a General Theory of 

Systems 
- Medical and Health Systems 
- Systems Design in Education 
- Spirituality 
- Tribune 
- Critical Systems Theory and Practice 

 
 
The variety of "disciplines" within system approaches (special interest groups) is staggering 
indeed. Therefore, the use of a singular term "system approach" is bound to cause confusion if 
the underlying paradigms and theoretical concepts are not spelt out. Still, in my view, all these 
approaches and methodologies reflect different aspects more general system “theory”, and 
one may need to combine approaches rather than to get lost in only one approach.  
 
These notes use the term methodology in abbreviations for resp. soft and complex system 
thinking (/resp. HSM, SSM and CSM). This avoids more clumsy acronyms like HSAM etc. 
e.g. with an “A” for approach and/or a “T” thinking. Our choice to use acronyms with only an 
“M” implies that the conscious choice for the (combination of) approach (es) has preceded the 
choice for the methodology. Differences in approach can refer for example to the fact that one 
can consider research to provide either objective (hard) or subjective (soft) results, between 
equilibrium or non equilibrium and/or a combination of these. Differences in methodology 
occur when either quantitative, qualitative methods or their combination are applied. More 
differences in approach occur, for example, in level of analysis, relating to the choice to work 
on regional level, farm level, animal level or even lower.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1. An influence diagram depicting the different strands, or traditions, of systems and naming some key 
researchers associated with these traditions (Ison, Maiteny & Carr, 1997) 
 
The attempt to establish a general system theory (GST) was the basis to establish the 
International Society of Systems Studies, founded in 1954 by Ludwig von Bertalanffy, 
Kenneth Boulding, Ralph Gerard, and Anatol Rapoport. The resulting Society for General 
Systems Research (SGSR), was created in reaction to the growing disparity between 

first-order 
cybernetics 

computing 

engineering 

physiology 

mathematics 

information 
theory 

second-order 
cybernetics 

family therapy 

biology of 
cognition 

experimental 
epistomology 

Buckley 

Hegel 
Boulding Cannon 

Rapaport 

Bertalanffy 
Miller Garard 
 

biology sociology 

philosophy
  

economics physiology 

mathematics 

general systems theory 

Jackson 
Ulrich, Flood 

systems approaches 

critical systems 

management 
cybernetics 

applied systems 
studies 

systems agriculture 

social systems 

OR management 
science 

systems 
analysis 

systems 
dynamics 

system 
sciences 

arising from 
inter- 

disciplinary 
movements in 
the sciences 

Open University 
Checkland 

Spedding, Bawden 

Rand Corp 

Ackoff 
 

Buckley, Berrien 
Vickers, Easton 

Forrester, Meadows 
Sengen 

 Stafford Beer 

Van Foerster 

Pask, Mataruna 

Ashby  Wiener 

Shannon 

Weaver 



reductionist science and their own understanding of the real world as based on relationships, 
interrelationships and emergent qualities. The original objectives of what is now called the 
ISSS are as operational today as they were more than four decades ago: 

- investigate the analogy of concepts, laws, and models from various fields and to help 
useful transfers from one field to another; 

- encourage the development of adequate theoretical models in fields which lack them; 
- minimize the duplication of theoretical effort in different fields; 
- promote the unity of science through improving communications among specialists. 

The societies’ intention was thus to integrate different fields of study in the same way that the 
concept of consilience strives to unify all rational knowledge. Because of this, a role that has 
been unfairly attributed to ISSS and other systems organizations in the past is one of striving 
for control and totalization. But this is clearly not the intention of the Society.  
 
2.5 Concluding comments 
The founders of the SGSR thus represent only a few important persons from the much larger 
tradition that started from before Aristotle and that included thinkers/scientists such as Bacon, 
Descartes, Newton and agricultural system thinkers such as Columella, Young, and Von 
Thunen (Nou, 1967; Fresco, 1986; Schiere, 1995). Throughout we will argue that the different 
branches of GST present just different aspects of reality and modern farming system 
researches are part of a tradition, a road that emerges as we walk or in the words of Antonio 
Machado … “andando se”….  
 
Importantly, this figure includes even work on relativity and quantum physics and some of 
that work will be occasionally referred to in these lectures. What really counts is that the 
figure shows how HSM, SSM and CSM are all part of one whole. Importantly, physics also 
knows uncertainty ("softness"), and it is on purpose that we discuss some modern insights 
from complex system theory, also called non-linear system dynamics or - confusingly - chaos 
theory in these notes. These theories stress uncertainty in an apparent and dramatic departure 
from the "clockwork" approach that was inherited from Descartes, Leibniz, Newton and 
Laplace, but already inherent in the hopes and aspiration of the Pythagoreans. It was also 
inherent in the Hindu epic Mahabarat through the questions of mankind (represented by 
Arjun), to which the “Gods’ (represented by Krishna) replied: don’t do it for the results, but 
for the process of which you are part. Work is worship. The bottom line of thinking in these 
seminar notes is to basically deny the very notions like “mind and matter” or “natural vs. non-
natural”; just as much as between “repeatable and non-repeatable”.  
 
  
 
 



3.  SYSTEM APPROACHES: WHICH, WHEN, WHERE AND WHY 
 
Most research, management practice policy and education aims to improve the past rather than to prepare for 
the future. 

Steve Worth 
 
3.1 Introduction 
Much change has taken place in agricultural practice and research, in crop and animal yields 
and in the thinking about all this over the past millennia, decades and ages. At the same time 
many things repeat themselves in the “dialectics” of history. Notions of the difference 
between matter and mind are discarded and revived, arguments between rationalists and 
empiricists continue, depopulation of the countryside are taking place in the US, Australia and 
France; mixing and specialisation of farms come and go. Thinking and practice is changing as 
we write or read about the past decades. This chapter aims to briefly review reasons for 
system work. It elaborates on a few different forms of Farming Systems Research, and it 
gives a few basic concepts. Also, it hopes to show the relevance of the change in concepts and 
methods for choices to be made nowadays. 

3.2 FSR philosophy 
In philosophical terms, farming systems approaches from the 1960s and 1970s used a so-
called Cartesian and mechanistic approaches. It is based on the thinking of the philosopher 
Rene Descartes (1596 – 1650) and his contemporaries. He proposed that a complex problem 
such as “food security” could be understood through systematic reasoning by breaking it 
down into small components. By the way, Descartes was a mathematician and he neither 
worked with agriculture, nor with food security or rural development. But part of his thinking 
has significantly affected agricultural research of today. Mainstream thinking of the past 
decades embraced the notion of reductionism. In that thought, combined with that of his 
contemporaries such as Newton it is believed that if the small detail would be understood, the 
whole system could be built up again, mechanistically, as a clockwork. In other words: if we 
know the genes of a maize plant we can construct a society that has no food problem. 
Geneticists and others ignore the notion of context, i.e. that tend to take for granted that there 
will be enough “farmer”, water and nutrients to let the maize grow if the DNA is in place. 
That is an assumption or simplification like the one by Newton(1642 -1727) who neglected 
air frictions and other irregularities when he “mathematized” the movement of the planets and 
the clock’s pendulum. 
 
Such a linear approach can be useful and the initial results were impressive: grain yields 
doubled or tripled. After some time and celebration, however, it was found that: 
-  Many initial successes had unwanted and unexpected side effects, called trade-offs. At 

national level they refer to issues such as pollution, marginalization of small farmers, 
exhaustion of fossil reserves or declining water tables. At farm level they imply that a 
change in cropping affects the division of work between man and woman and the feed 
availability for the animals. This issue will be discussed, in these notes, under the term of 
“relations” or “ceteris imparibus”. 

-  Methods that were quite successful in one farming system were useless or counter-
productive elsewhere. For example, farmers in marginal areas did not accept high yielding 
varieties, and farmers grown up in pastoral conditions have difficulty to start stall feeding 
their animals. Farmers from clay soils think and act differently from those of sandy soils, 
old farmers have different perceptions than young ones and so on. These different 
perceptions are the heart of the discussion about objectivism, i.e. whether it is possible to 



objectively establish a “truth” that means the same for one farmer, and another one; or for 
farmers and consumers. This issue referred in these notes tothe term "context". 

 
Throughout the text much reference is made to these two principles of system thinking. The 
effect of context and relations are only a few of the many that can be envisaged e.g. the 
interaction between matter and mind. The context and relation are here emphasized to 
summarize the tensions around choices in research and development and farming approach: 
-   do we go for single or multiple realities, 
- do we have static (equilibrium) or dynamic (non-equilibrium) notions on system  
     behaviour         
-   do we look at parts (reductionism) or at “wholes” (holistic thinking) 
 

3.3 Farming systems research, reasons and terminology. 
It is now clear that trade-offs are essentially issues of relations, and that the failure to get new 
technologies adopted in variable conditions reflect the effect of context. This is a 
simplification but together, these interrelated issues make researchers and policy makers 
realize that new approaches are required to sustain agricultural production on the long term. 
The development and introduction of several forms of FSR (or simply: system research in 
agriculture) was a logical result.  
 
Different people have different goals, but FSR is often recognized to aim for: 
- a holistic approach to complement emphasis on reductionist approaches that study only 

parts of the farm, e.g. an animal, a plant, the soil, the farmer, or even components thereof; 
- (re)focussing of (academic) research, extension and training.  
 
Indeed confusion can exist on the various FSR terminologies and concepts. Confusion can 
even arise about the meaning of the individual words farming, systems and research, which 
together can again be shown to have another set of meanings. This text uses the following 
working definitions:  
- Farming comprises all aspects of agriculture, e.g., cropping, animal production, fisheries, 

forestry, etc. Much traditional FSR of the hard systems approach tends to consider 
"farming" as a well-defined activity. More modern, so-called soft or complex approaches 
stress that "farming" tends to be intricately interwoven with off-farm activities; 

- System is defined in several ways throughout the next chapters, but most generally it 
refers to “something” coherent in time and space, to a “whole” that consists of parts and 
that transforms certain resources into others; 

- Research in this text is considered to be an activity that can be done by farmers, 
extensionists as well as by formally trained scientists. Research is not confined to 
laboratories, governmental research stations and it can involve a variety of qualitative as 
well as quantitative methods.  

3.4 Different forms of FSR 
These notes use the term FSR sensu latu a general term to cover several branches of systems 
research: 
- FSR sensu strictu works with an academic orientation, not meant to achieve immediate 

practical results. The time scope is normally between 6 and 12 months and the outcomes 
are rather descriptive; 



- on farm research with a Farming Systems Perspective (OFR-FSP): work meant to quickly 
analyse local situations to propose actual development work, often called FSR&D or also 
FSR&E (Farming Systems Research and Development, or, Extension); 

- New Farm System Development (NFSD): work to design new farming systems, so-called 
prototyping. 

 
The FSR sensu strictu is commonly known and done in academic circles. It uses extensive 
surveys, its results tend to become available as PhD theses and academic publications long 
after the research is done. Above all, the work needs not be aimed at achieving directly 
applicable recommendations and as such it is valuable as support. Work of the second 
category (FSP-D) is much more action oriented. It is commonly used in the tropics, but also 
increasingly in temperate areas. Work of the third category (NFSD) is also common 
everywhere in the world, e.g. in the efforts to establish "pilot units", "model farms" or 
"prototypes".  
 

Box 2.1: An example of a professional bias about feed use by Indian farmers.  

While working on a project that aimed to develop straw feeding methods for farmers in India it was found that 
farmers just north of Delhi tend to burn their rice straw while feeding their wheat straw. This prompted the 
researchers to think that wheat straw had a better nutritional quality that rice straw.   However nutritional 
analysis in the laboratory showed that the two types of straws had similar feeding value, or even, wheat straw 
was slightly worse than rice straw. The problem became more complicated when it was found that farmers in 
Gujarat (North of Bombay) burned the wheat straw and kept the rice straw for feeding. It was only after 
interaction with the farmers community that the research community found a possible reason that was outside 
the professional "way of looking" of animal nutritionists. It appeared that not feeding value but feed and labor 
availability explained the practice. Wheat straw in Haryana came available prior to a rather long spell of 
drought whereas rice straw became available when the next crop (with green feed!) has to be planted quickly. In 
the case of rice straw in Haryana, there is simply no time to let the straw in the field and to collect it. Also, there 
even was no need to collect the straw since the next crop of green feed becomes quickly available.  

 
 
3.5 Concluding comments 
Successes in agricultural development between 1950-1980 outshone the initial trade-offs and 
failures of the approaches based on heavy use of inputs and genetic changes. However, many 
technologies were system specific and they also caused unexpected side effects. As these 
notes try to make clear, the trade-offs were not unique for these technologies or system 
approaches. They reflect general system behaviour due to “too much too long”. A range of 
FSR methodologies were developed to cope with these situations. Remarkable change in 
approach and thinking about agricultural development is now taking place in tropical and 
temperate regions. Many of these methodologies are based on insights and approaches from 
general system studies, some of which will be discussed in the following chapters. Both 
successes and failures of these new approaches have been recorded.  



4. HARD SYSTEM METHODOLOGIES 
 
“I prefer the simple 1+1=2 stuff because that is what I can understand” 

Dutch student 
 
4.1 General 
One predominant form of systems thinking in mainstream agricultural development of the 
past decades is, or has been, based on concepts associated with hard systems methodologies 
(HSM).  In essence the HSM focuses on aspects of “matter” and it assumes that things can be 
known through objective measurement:  to measure is to know.  Strange enough, this thinking 
is not only used by people from the “matter” orientation. It can also be found in the more 
social sciences that develop long questionnaires to establish details and ultimate “realities”: 
we need more data! By clearly defining the system, its boundaries and the resource flows, the 
HSM practitioner hopes to exactly describe a system and its behaviour. Basically it is the 
linear, first order, mechanistic “clockwork” thinking that – in isolation – is inadequate to 
describe agricultural development. Still, the HSM has achieved important things and will 
continue to play a significant role. 
 
Much of the HSM methodology originates from linear system thinking around military 
operations where no questions are asked and where clear targets are set: how to deliver so 
much load at such and such a place, how to get a given amount of people shifted from one 
place to another etc (Kliz, 1995). In agriculture these questions were: how to get more grain 
out of a given amount of solar radiation, how to get more milk from one cow or how to reduce 
ammonia emissions. Questions such as “whether” to increase individual plant yield, 
“whether” to re-organize the farmers’ co-operative, or “whether” to reduce ammonia 
emissions were not asked by the researchers. They left the uncertainty of those issues to be 
discussed at other levels in the policy hierarchy.  
 
4.2  Definitions and basic concepts in HSM 
Many people contributed to the work on HSM, each of them with different approaches, 
objectives and problems. Justus von Liebig, the German “father” of fertilizers was some 200 
years ago a decisive factor to take a more chemical, mechanist look at agriculture in an HSM 
fashion. Good standard texts of recent authors are those of Odum (1971); Odum (1983); 
Blackie & Dent (1987) and Spedding (1987), but these authors may have probably intended 
their work to be less reductionist than how they were interpreted.  The basic definition of a 
system in HSM is that: 

a system is a limited part of reality, composed of interacting subsystems that have a 
common goal, with clearly defined boundaries, transforming inputs into outputs, defined 
in such a way that the system does not affect its own boundary conditions. 

 
In this sense a system is made up of: 
- subsystems: at plant or animal or community level these can be stems, roots, kidneys, 

brains, livers, policemen, midwives, etc. 
- boundaries: at animal, plant or community level these can be the cuticula, cell walls, skin, 

the gut lining, the synapses, the fences, the love-hate affairs, etc. 
- resources: at plant, animal or community level these can be nutrients, solar energy, feed, 

dung, oxygen, information, indigenous knowledge, beauty, etc. 
 
The concept system in HSM as well as in the other system approaches has an aspect of time 
and one of space. In reality the space and time aspects occur simultaneously but the thinking 



about systems insufficiently distinguishes between these two. Quite often one tends to think 
either in terms of space or in terms of time. Systems in that sense can be considered as: 
- a well defined unit  (in space) which remains similar in time (fig 4.1)  
- as an established procedure: a process, typically with a predominant time motion; 
- as a combination of the unit and the process: a mode 

 
 
 
 
 
 
Figure 4.1 A representation of a system as a unit where output can be "produce" such as milk, meat, eggs, 
draught, as well as "waste" such as dung, urine, heat. 
 
The distinction between a system as a rather static unit in space “besides” a procedure / 
process in time is difficult but important.  In a way they are two sides of the same coin and it 
suffices to say that a cow or a plant or a farm or a community is often considered to be a 
system as a unit, by the more HSM oriented people. In “reality” any system is a combination 
of the “non-existent – either – unit – or - process” construct; the combination is here called a 
mode in space time. In practice, however, it may be quite useful to think sometimes in more 
static terms. A city or legal system or even a farm can for many purposes be thought of as a 
“static” unit.  On other occasions one focuses on the processes, and the ultimate approach is to 
see any system as a mode that changes in time-space.  
 
It can be useful to clearly define a system, its boundaries, inputs and outputs, but it is 
important to understand and to remember that a system is defined by the observer (=cognitive 
agent). The observer makes choices or follows the choices of others, thus affecting the results 
of the analysis. A system is not an objective “something”, but it is a construct in the 
researcher’s mind.  Moreover, systems can be seen as “matter”, i.e. as something concrete (e.g. 
a pig, a coconut, a dung heap or a farm), systems also exist in “mind”, something “abstract” 
(an opinion, a belief, a philosophy, a myth).  Definition of what is meant by the “the system” 
is therefore necessary to avoid confusion but it also determines the outcome of the analysis by 
side-tracking the other ways in which the issue could be analyzed.  

4.2 Reasons and methodologies to describe a system; the use of models  
A major reason for systems work is that one wants to understand how systems function, and 
/or how they will behave for “better” or for “worse” in the future with / without intervention. 
System analysis and design is done to address these issues and models are important tools for 
this type of work. However, there is a wide range of models possible, visual, mathematical, 
artistic etc. Even analogies and metaphors are models; they are another illustration of the 
fractal notion that form repeats itself. Here we discuss some forms of HSM models in greater 
detail, while stressing that models are always simplifications. Models are used in HSM, SSM 
and CSM, and in daily life of the latter they are particularly known as analogies, metaphors or 
parables. Due to the inexact nature of the latter, however they are not well recognized by 
HSM thinkers as being “scientific”, but that is a matter of choice and paradigm. A typical use 
of metaphors is in a folk-expression such as: 
-   one can not have the cake and eat it; 
-   the beacons have to be changed with the tide; 
-   it takes one to know one; 
-   the straw that breaks the camel’s back. 

produce 

"waste" 
input 



The significance of these metaphors is further explained in the CSM chapters, here we focus 
on some modelling tools of HSM. 
 
An essential element in system analysis of HSM is the identification and definition of key 
factors such as subsystems, boundaries, resource flows etc. in the organizational pattern of a 
system. And at the start of a system analysis the creation of an explorative model of a system 
is an important first step in ordering one’s thoughts. A representation of key factors in an 
explorative (dynamic) model can be outlined with causal diagrams that use arrows (if possible 
with a plus or a minus) to express respectively a relative increase or decrease. The example in 
figure 4.2 shows that feeding of grain stimulates the growth of chickens and consequently the 
production of eggs, which brings in money and which takes care of the continuation of the 
chicken population. The system is controlled because an increasing number of chicks and 
chickens produce an increasing amount of manure that decreases the amount of money earned, 
but also because of a decreasing availability of grain when the number of animals increases. 
Arrows with a “+” are called positive feedbacks, arrows with a  “ - ” represent negative 
feedbacks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.2 A causal diagram of an egg production system 
 
A more formal way to describe a system is to use sets of symbols with a specific systems 
language (Table 4.1). Many such systems languages exist, both qualitative (word chains and 
symbols) and quantitative (mathematical equations). Several symbolic “languages” exist but 
we chose to discuss only one of them, the one by Odum. 
 
The symbols in Odum’s energy language in Table 4.1 describe subsystems and interactions 
according to their basic functions (see Figure 4.3 and 4.4). 
- Circles represent external energy, material and information sources. Such external sources 

can be solar energy, auxiliary energy sources like fossil fuels or nutrients in artificial 
fertilisers. Circles at the same time represent external sinks, for example a market where 
products are delivered to, or groundwater reservoirs, where nutrients can leak to. 

- Bullet-shaped modules are autotrophs, one of two major biotic components in 
agricultural production systems as well as ecosystems. Autotrophic subsystems are self-
maintaining units able to fix light energy and to produce energy of a higher quality, such 
as food, from simple inorganic substances (e.g. water, carbon dioxide, nitrates) by the 
process of photosynthesis. Generally, the green plants – vegetation on land, algae and 
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water plants in aquatic habitats – constitute the autotrophic component. In Odum’s 
thinking these organisms are considered to be producer. 

- Hexagons are heterotrophic systems which utilize, rearrange, and decompose material 
synthesized by the autotrophs. Fungi, non-photosynthetic bacteria, other micro-organisms, 
and animals as well as humans are all heterotrophic. These organisms may be thought of 
as the consumers, since they are unable to produce their own food and they must obtain it 
by consuming material from other organisms. The heterotrophs can be further subdivided 
according to their source of food energy. Herbivores or grazers feed on plants, carnivores 
or predators feed on other animals, omnivores feed on both plant and animals, and 
saprovores (largely micro-organisms) feed on decaying organic materials. 

 
Table 4.1. Symbols used in Odum’s systems language 
 

External source (or sink) of energy, matter or 
information 
 

 
Producers (or autotroph) : converts and 
concentrates solar energy 

 
 
Consumer (or heterotroph) : uses, rearranges and 
/ or decomposes converted energy 
 
 
Passive storage of energy, matter or information 
with heat sink that drains out degraded energy 
according to the second law of thermodynamics 
 
Price-controlled transaction : money (dashed line) 
flows as a countercurrent of energy, material or 
information flow (solid line) 
 
 
 
Control or management of flows of energy, 
matter or information : interaction of two or 
more flows  

 
- Tank-shaped boxes act as (passive) storage, and arrows-into-ground are heat sinks 

(dissipating degraded energy after its use in work, as required by the second law of 
thermodynamics; see Ch. 7). Further, two forms of interaction are represented. 

- A double-pointed block symbol is used for energy transformation with interaction 
between two or more flows to produce higher quality energy. 

- The diamond-shaped symbol is used for a price-controlled transaction, where money 
flows (money flow represented by a dashed line) as a countercurrent to materials, 
information and all other quantities used. Money is given out for goods purchased 
according to a ratio known as price. The price, in turn, may have regulator mechanisms 
operating, mechanisms that may be external, such as markets. The symbol may have a 
heat sink that indicates energy costs of the transaction accounting for machinery or 



business. Figure 4.3 shows a flow diagram based on the causal diagram shown in Figure 
4.4. 

 
A typical Odum diagram is shown in Figure 4.8, where the energy language portrays a mixed 
farming system. Crops (autotrophs) produce food from solar energy, in combination with 
nutrients and water under human management (the farmer as a system controller). The food 
produced (farm output is the form of animal products and crop produce) is stored and finally 
sold on the market in exchange for money or consumed by the family. The earned money is 
used to buy fertilizer or concentrates. Nutrient and water storage (in the soil) are maintained 
partly by rain and rocks, partly by animal dung, and partly by fertilizers bought.  Output of the 
system is further determined, next to animal products and crop produce, by run-off (i.e. heat – 
or waste – dispersion).  Comparison of this flow diagram with a “real” farm suggests that the 
diagram could have been drawn in many different ways, and more or less detail. Simple 
models are retained easily in the mind for overviews, more complicated models are 
sometimes required, e.g. for computer simulations of real events. The purpose and the 
researcher of the model determines what is included, and the choice of the model co-
determines the outcome. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.3. A flow diagram using symbols of the systems language to model the egg production system of Figure 
4.4 (Note that this system appears to be represented as being “closed”, but circles are source as well as sink. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.4. A flow diagram of a mixed farm applying symbols of the systems language 
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4.3 Concluding comments  
The early origins of HSM can be traced to the work of people like Descartes and Newton a 
few centuries ago. They reduced systems to parts and simple relations thus leading to a sort of 
clockwork concept. The more recent roots of HSM lie in the realities, needs and mechanistic 
thinking that occurred around the Second World War. It got a boost in the successes of the 
green revolution.  Indeed, the conditions and thinking of a war, or “fight against hunger” led 
to clear and straightforward problems to be solved. "Control" was a key concept, no questions 
were asked and not much time is taken to think of long term consequences. Early system 
analysts were told by military chiefs to find a way to transfer a given amount of cargo or 
arms, they were told to design such and such a warplane, or to deliver a particular load of 
explosives to a given enemy town. Later on, these approaches were also applied to problems 
of industrial design, to so-called social engineering and to issues of food security, agricultural 
policy and resource allocation (Klir, 1994). All design processes of the hard system tradition 
therefore ask for a clear goal / objective, they look at what is available or at what can be made 
and they find a way of getting there quickest. System methodologies such as linear 
programming were developed in that same atmosphere of WWII, just like the science of 
logistics was started in military circles of Napoleon. 
 
The usefulness of HSM lies particularly in its tendency to ask clear questions, and in its 
capacity to give clear views on issues. The strength and weakness of HSM is its "belief" in the 
existence of "hard facts", and the  reductionist mechanistic and positivist paradigm which 
assumes that measurements are made independent of the observer. In other words, HSM alone 
cannot be enough for a comprehensive approach to system analysis and design in a reality that 
includes different perceptions and conflicting interpretations. This is the reason to discuss 
SSM in the following chapter, and CSM in Chapter 6.  



5. Soft System Methodologies 
 
“We think we have a problem but we don’t know what it is.”    

(paraphrased from Checkland) 
… “whatever you do, go ahead but I want my R2 to be reasonable” 

biometrician during seminar in Kenya 
 

 
“We did a large survey to establish the real constraints in the village”  

French consultant 
 
What should have come first has come second and what came second should have perhaps 
been first, or is the other way around? The point is that one should look for a better balance in 
the criteria for system analysis between hard and soft, between matter and mind, between 
static and dynamic. Some HSM practitioners find it difficult or impossible to get started on 
SSM related activities. They think that SSM is "less scientific" or “too philosophic”. In the 
same way, however there are sociologists that find it hard to work on clear questions and hard 
data as is done by the HSM people. Indeed, SSM tend to work with qualitative and subjective 
analysis on unstructured problems without clear preset goals. SSM does value qualitative 
information and it has developed a set of methods to handle it. However, SSM values both the 
use of quantitative and qualitative information whereas HSM tends to mainly focus its 
attention to quantifiable issues. In that sense SSM can be seen as a more holistic approach 
than HSM because it takes a broader look at things. Thanks to its methodologies the SSM is 
also better able to work in “vague” or "unstructured" situations where it can help to define the 
problem as perceived by the different stakeholders. The perception of the issues by different 
stakeholders is crucial in SSM. It stresses that different people, organizations, components, 
subsystems etc. have different perceptions of reality (fig 5.1). It also stresses the need to take 
account of feelings rather than only hard "facts". In that sense it might be seen as an attempt 
to re-establish the link between issues of matter and mind, issues that were separated by 
Descartes and his successors. 
 

5.1 A system analyzed and defined in SSM 
The SSM is particularly developed to allow the human element of systems that is typically 
unstructured and poorly defined, to be incorporated into system design work. SSM may be 
used to analyze any problem or situation, but it is most appropriate where the problem 
“cannot be” formulated as a search for an efficient means of achieving a defined end; a 
problem in which ends, goals, purpose are themselves problematic” (Checkland, 1981, p.316).  
SSM in its idealized form, is described as a logical sequence of seven steps (Checkland, 1981 
fig. 5.8). That are recognized in the steps of FSR & E: 
¨  Stages 1 and 2 – Expression of the problem 
¨  Stage 3 – Selection of Root Definition 
¨  Stage 4 – Model Building – the Conceptual Model. 
¨  Stage 5 Comparison 
¨  Stage 6 and 7 – Recommendations for Change, and Taking Action. 
The details of this approach one well describe by Checkland (1999). Here we focus on some 
underlying notions on “system” and goal definitions, as well as on some tools for qualitative 
analysis.  
 



 
 
Figure 5.1. Perceptions of reality by different "scientific" trainings (NUR 1994, quoted in 
Pearson & Ison (1997) 
 
While incorporating more "if’s" and "but’s" and by explicitly working with different 
perceptions of different stakeholders the SSM has another approach than the HSM to the 
definition of a system and the boundaries. For example, Röling (1994) states: 

a system is a construct with arbitrary boundaries for discourse about complex phenomena 
to emphasize wholeness, interrelationships and emergent properties.  

The concept goal of a system tends to also be approached differently in SSM than in HSM, 
e.g., as phrased by Engel (1995) based on the work of Checkland c.s.: 

a system has no goal, it is given one, depending on the context and stakeholders.  
The point of the SSM in system- and goal-definition is, however, not that one can be "happy" 
with "sloppy" definitions as may be implied in fig. 5.2. Rather, SSM allows for more than one 
definition while insisting on clear descriptions for each of the different perceptions. The 
concept of “multiple reality” is illustrated in the next quote on the Australian Landcare 
program, a sort of an “environmental cooperative” that is a typical example of systems work 
in agriculture based on SSM: 

to some Landcare is potentially the most influential rural organization Australia has ever 
produced. To others it is a government-inspired mechanism to achieve federal land policy. 
To yet others it is a community attempt to wrest control over farmland from individuals 
who value their personal freedom. Several producer groups have voiced the opinion that 
Landcare is no more than the rural arm of what they see as an anti-producer 'green' 
movement. The politically minded have regarded Landcare as no more than a novelty 

reality 

the sociologist the cattle specialist 

the ecologist the agronomist 



which is a useful vote-getter in the present environmentally-aware era, but which is too 
superficial to be permanent (Roberts, 1993)4. (see also figure 5.2) 

 

5.2 Perceptions, the fishnet and praxis 
The issue of different perceptions and their effect on reality illustrated in figure 5.1 is also 
expressed in the so-called fishnet metaphor (from Ross Ash by) : 

A biologist goes to fish in a lake and after measuring the catch in the net he states that: 
“all creatures in this lake are at least 5 cm in diameter”. 

Clearly, the biologist's measurement is affected by the mesh size of the net. But that problem 
cannot be solved by taking another mesh. It simply implies that one’s choice for the 
measuring tool determines the result. To cope with this problem SSM distinguishes several 
stakeholders and their perceptions whereas HSM tends to use different scenarios based on 
numerical values. To avoid that pure academic work becomes too much separated from real 
life Checkland also stresses the need for “praxis”, intensive exchange and interaction between 
“lab” and “land”, theory and practice.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.2: Diagram showing different stakeholders in LANDCARE 
 

5.3 The complementarities of SSM and HSM 
Before explaining how SSM tends to use qualitative information about multiple realities we  
make some caveats regarding the difference between SSM and HSM:  
- the distinction between HSM and SSM is not a clear but a fuzzy one;  
- SSM and HSM are complementary. In fact, SSM can claim to encompass HSM but a  

discussion about that issue is not relevant at this point. More important is that 
interpretation of quantitative "hard" data can be improved by using qualitative information. 
For example, the interpretation of quantitative information about whether grain yield and 

                                                 
4 Roberts B (1993) 'Owning the problem, owning the solution – Australian Landcare as a change agent' in Nun J 
(1993) Proceedings of Australia Pacific Extension conference, Surfers paradise, Australis p.466 
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hours labor worked are "good" or "bad" is helped by knowing whether or not the farm 
family is "happy" with the yield or not. Qualitative information about "happiness" can be 
very useful even if it cannot (yet) be expressed in exact "objective" numbers. 

- hard data are as hard and objective as one wishes to believe. This is illustrated in the 
fishnet metaphor and it will come back in “the problem of the coastline”. SSM stresses 
that the observer makes a “moral” choice for one or a few out of an infinite number of 
measurements and perceptions, well knowing that this choice determines the result. In 
other words, the observer is part of the problem, not a separate object. 

- many things that can be quantified nowadays could not be quantified in the past and their 
quantification continues to be “improved”. Good examples of things that could not be 
characterized in the past are bio-physical ones such as soil fertility, nutritive value, air 
pollution, food-quality etc. Examples of socio-economic aspects in agricultural 
development are issues such as stress, "health" of an economy, etc. In addition, the 
scoring techniques such as explained in 5.4 provide a way to quantify vague things. 

 

5.6 Concluding comments 
Not everything can be quantified (yet), qualitative information can be important and 
perceptions about reality change between stakeholders in space and time. Therefore it 
becomes imperative to develop methods to generate, interpret and handle such “soft” 
information. The methods described in chapter 7 can be helpful in coming to grips with the 
analysis of complex issues such as regularly occur in agricultural change. They are part and 
parcel of a participation approach. They are based on solid theory regarding multiple 
perceptions, systems hierarchy and system-dynamics and they can be applied to analysis of 
industrial, agricultural as well as societal problems, at all levels of system hierarchy. The big 
difference between the hard and soft approach lies, however, in the fact that the hard approach 
tries to establish objective / positivist values only whereas the soft approach thinks in 
constructivist terms while also valuing change and qualitative information.  
 
The development of SSM originated from the HSM failure to solve complex problems in 
postwar business, factories and societies. These problems are found particularly in systems 
where humans and their perceptions are involved or where several systems interact. SSM does 
not work with single solutions, it considers the observer to be part of the problem and it 
considers problems to be "learning systems" rather than well-defined sequences of distinct 
steps. After “defining” the problem situation SSM can makes use of various HSM methods 
such as Linear Programming, etc., to study a (range of) solution(s) for the issues at stake. 
 
The term "learning system" implies that the knowledge and state of system and goals change 
during the process of observation. SSM works on the premise that the measurement is 
affected by the observer ( = cognitive agent), i.e. by the fishnet used. The observer decides the 
definition of the boundary around the house, the farm and the villages, or even on boundaries 
within the village, the farm and the house, e.g., along gender lines. In terms of SSM the 
observer is a part of the system because the farm implies something different for the scientist 
(an agglomeration of molecules, enzymes, tree species and parasites), for the farmer (the land 
of his/her parents, the place to feel safe, to get an income and to raise children) and for the 
policy-maker (the unit of production that has to produce food and that is asking for higher 
prices). The observer is also part of the "problem" because while observing he/she affects the 
outcome. For example, people in a community tend to know very well what the visitor is 
interested in. When a veterinarian comes to a meeting the community members will talk 
mainly about veterinarian problems (the vet only tends to be interested in that also), when a 
doctor comes to a meeting the audience tends to talk about the health problem, headaches etc.  



 
Summarizing, SSM operates on the principles that in (learning) systems:  
- the problem-statement needs to be analyzed from several sides because it affects the 

outcome of the research; 
- the observer is part of the problem and the solution, e.g. through the unavoidable choice 

for the fishnet; 
- there can be more than one solution; 
- no final solution / goal exists since the perception of the "problem" changes during the 

analysis.  
SSM helps the HSM by determining the priorities at stake and HSM can help SSM to 
establish, a range of “mechanical” solution. However, neither can predict the future; a topic 
for the next chapter on CSM. 



6. COMPLEX SYSTEM METHODOLOGIES  

 
In the previous parts we went from the relative certainty and rigidity of HSM to the flexibility 
and creativity of SSM. We now proceed into the still greater uncertainty of complex-system 
thinking. To complicate matters further we hope that the understanding of system-behaviour 
will become easier (=simpler) if we better appreciate its complexity. That is the challenge of 
the very recent science of complexity: to simplify the complex.  
 
One of the problems with the new approaches is that they use many different terms for similar 
concepts. Complexity-theory is also known as chaos-theory and as non-linear system 
behaviour. We will avoid the term chaos, but the term complex system behaviour will often 
be interchanged with non-linear system behaviour because both terms relate with unexpected 
change in systems. Another problem around complexity is that it involves yet another step 
from apparent certainty and hard facts. SSM introduced aspects of uncertainty and multiple 
realities, but complex-system thinking even more involves the acceptance of "uncertainty" as 
a guiding principle. For HSM practitioners this requires a paradigm shift that includes the 
study of the effect of the system on its surroundings (relations) and the context, besides the 
SSM’s effect of the beholder on the observation. The importance of context and cognition 
(the "knowing" by the observer) was introduced with SSM, this introduction to CSM will add 
the importance of relations. 

6.1 What are complexity, non-equilibrium and non-linearity 
Most development issues in modern agricultural development are complex, i.e. they hard to 
define and highly interrelated. The introduction of (farming) systems research was due to the 
effect of context and relations that made it impossible to establish simple technological fixes 
that would be useful regardless the context. Concepts such as sustainability, biodiversity, 
development, progress etc. are all open to several interpretations, and determined by the 
choice for scale and level of aggregation. We will here focus on behaviour properties and 
tensions of complex systems that will help the reader in recognizing and understanding 
patterns and processes in nature and society.  
 
6.2 Learning about system behaviour and properties, use of analogy and models 
Behaviour is a well known concept if we think of people and animals and even plants. But it 
may not be such a clear concept – at first sight – when we talk of systems like farms, regions 
or companies. Still, all systems at all levels have all sorts sort of behaviour that can be 
generalized for many more systems, for example:  
 
- a village can depopulate, it can be vigorous, happy, religious, resilient and/or stable, or 

else, a village can even be ‘sleeping’ 
- people grow, they can be angry and they can be ill at the same time, they can be slow and 

quick to respond, they can be trained and untrained to see or used things 5 … 
- cows are pregnant, lactating, they can learn, they can be in stress, they can be slow-

milkers and/or ill … 
- Farms can grow, they can be productive, they can learn; they can be under stress, even 

angry or ill or dying.  
- Plants can grow, reproduce themselves and defend themselves. 
 

                                                 
 



Indeed, if one wants to investigate the behaviour of systems it can be useful to take behaviour 
of people (or animals) as analogy, a “model”, a “metaphor” or a “homomorphism”. Based on 
such models one can (deductively) wonder how a system eats, how it dissipates heat and other 
“waste” products, how it “perceives” its surroundings, how it learns, how it reproduces etc. 
Such analogies can be taken at several (fractal) levels, what happens at one level may also 
happen at other levels, for example: 
- how do people (or societies) organise themselves (into groups), 
- which kind of “carrots and sticks” are useful for animals, people, politicians 
- how do people cope with stress,  
- How do regions cope with stress (and: how do they recognise stress?) 
 
To be creative and to ensure relevance of chosen behaviour one has to take several systems as 
“analogies / models” (and stakeholders for more perceptions). For example, one can study 
animals to understand people and one can study animals to understand people. Many types of 
models exist, drawings, statues, mathematical models, pictures, thought experiments etc. 
 
Several messages are implied in this introduction: 
- System behaviour has many aspects and it can be described in an infinite number of ways. 

This aspect of system behaviour that is a “composite” of several characteristics is called 
an emergent property or emergent behaviour  

- it requires training to see some of the behavioural characteristics, and to cope with the 
challenges 

- many analogies (or models) exist and they can help to uncover yet unknown forms of 
behaviour (in a deductive way) 

- a system changes over time, minutes, hours, days, seasons, years etc.; it also changes in 
space, according to soil type, price ratios, habits, … 

 
Exercise 1.1. Mention 5 kinds of behaviour of livestock systems that have not yet been mentioned above, 
divided over at least three system levels (specify the levels). 
Exercise 1.2 Give examples of at least 3 forms of system behaviour that people on your group would not 
have thought of before “learning” to look at the behaviour. 
Exercise 1.3. Give an example of how agricultural production systems change over space; you can take a 
crop or dairy system on any space scale, e.g., from Breda to the North via Woerden, Loosdrecht and 
Biddinghuizen to Giethoorn, Dwingeloo, Westerkwartier and Bedum. Use at least five characteristics to 
describe the behaviour of that system. 
Exercise 1.4 What could be an analogy of fever in a pig at the level of a herd, a farm, a village and a region / 
nation? 

 
 
6.3 Behaviour, properties, development, evolution and co-evolution; some patterns 
The terms evolution, development and co-evolution are closely related with “behaviour” and 
“processes”. Disagreement on terminology can be due to level (in space and time) of 
observation. E.g., the evolution of an animal population (through natural / artificial selection) 
occurs at herd level, while animals themselves represent an evolution of the “combination” of 
individual organs. Typical mechanisms of system development are those described by Darwin 
and Lamarck, more recent ones are termed co-evolution and self-organisation. 
- Darwinian approaches6 stress the effect of natural selection on a variety of forms where 

the internal causes of variation itself are not well understood. The “inheritance” of this 
variation and favourable traits is assumed to mainly operate through internal genetic codes. 

                                                 
6 In a narrow definition of Darwinian thought that was “invented”by Darwin’s students, not by himself! 



The work on DNA to “improve” the production of maize or milk sits typically in that 
tradition which expects improvements from within (in a sort of mechanistic way)7. 

- Lamarckian traditions consider the context as co-cause of variation, i.e., it attributes the 
causes of change (not selection) to inside ánd outside factors. In that case, a constant 
selection pressure of taller growing trees can force a giraffe to get a long neck. Similarly, 
a blacksmith who wields a heavy hammer will eventually get a son (or daughter) with 
stronger arms. These examples may be outdated, but they illustrate that the evolution in 
Lamarckian sense is based on the concept of “acquired characteristics” which is more a 
“holistic” process where system and context evolve together, particularly in the learning 
effect that the environment has on the evolving organism. An animal that passes immunity 
or learning behaviour to the young is an example of this Lamarckian mechanism. 

- Co-evolution is a kind of Lamarckian mechanism where the system (animal, farm, village 
community ..) shows a behaviour (at least partly as a response to environmental pressure) 
which is then accepted by the environment and vice versa, a process in which “system and 
environment” then get “locked” into a narrow evolutionary path. This is a case of 
“irreversibility”, typically occurring where insects and flowers specialise “towards-each-
other”, where rumen bugs live in symbiosis with the ruminant. In non livestock systems 
such lock in (path dependency) occurs in the rail-width of a train system, the standard 
quality norms, the peer review system and the QWERTY system.  

- Emergence (also called self-organisation or auto-poiesis) is a process where systems 
shape in a sort of standard pattern, without apparently being controlled from inside or 
outside in a predetermined way. It operates at least partly on the basis of probability (an 
important concept that is also apparent in the application of thermodynamic theory). 
Basically this mechanism is a mix of Darwinian, Lamarckian and co-evolutionary 
processes. For example, soap bubbles form in a globe shape (not square or cubic!) because 
other configurations are possible but unlikely on the basis of laws of physics that govern 
the relations between the molecules. Similarly one can see unrelated animals or plants 
develop into similar forms (the marsupials and the mammals), technologies occur at 
several places (independently of each other), similar clouds form independently of each 
other according to conditions of relative humidity, temperature and air pressure. A 
practical example is the “eye” which “emerged” several times during the evolution, in 
independent events; or the “hard skin” (eelt) in the hand of a person that does much 
manual work. It also occurs where a law has an effect opposite of what it is supposed to 
do, for example, the law or regulation wants to reduce nitrogen flows but it can actually 
increase the flow or have unexpected effects elsewhere. Still more practical, one can see 
the formation of mixed farms in resource poor conditions and in resource rich conditions 
after eutrophication sets in.  

 
Exercise 2.1. Give two examples of how narrowly defined Darwinian evolution can control the evolution of a 
farming system, one at herd and one at farm level. 
Exercise 2.2. Give one example of Lamarckian evolution each at animal, farm, and regional level 
Exercise 2.3. Give an example of co-evolution at chicken, farm and consumer level (you may add an 

example from other animal species, but I like the chicken for a change). 

Exercise 2.4. Give an example of how Darwinian and Lamarckian arguments affect thinking about the risks 
of biotechnology, or about the risk of for example Foot and Mouth Disease 
Exercise 2.5. Give one example each of emergence at plot, at farm and regional level with accompanying 
policy conditions.  

 

                                                 
7 Assuming conditions of ‘ceteris paribus’ 



Changing properties 
As one starts to look at system behaviour and changing properties one gets away from a static 
view of systems. A system diagram made today can be invalid tomorrow, a phenomena that is 
called “hitting a moving target” (Maxwell, 1987). Any system develops ánd “deteriorates” 
over time, a pig is a system that is first an embryo, then a fetus, then a piglet etc. Systems that 
exist too long (lock-in) may hinder new developments. Eventually one can even see the pig as 
having evolved into a flock of different pigs, and even boundaries between hierarchies such as 
individual animal and herd become problematic. 
 

Exercise 2.6a. give 3 examples of system development and deterioration; each at a 
different level of system hierarchy.  
Exercise 2.6b: Explain what this means for the concept of sustainability. 

6.4 Typical patterns in system behaviour 
 
Overview  
System behaviours are all around and once we start seeing them there is no end to them.  
Typical patterns of system behaviour are; we intend to give “characterisations rather than 
definitions”: 
 

a. The butterfly effect: uncertainty about the initial conditions (see the assumptions by 
Laplace in the quote at the start of this chapter). 

b. The ‘lock-in’, i.e. positive feedback and the delay between action and reaction. This 
occurs, for example, when a society is stuck with its infrastructure, or when a business 
is stuck with an investment or attitude that prevents adaptation to changing contexts 
(Box 3.2).Lock-in or path-dependence implies that systems can start to develop in a 
fixed direction that prevents change (Arthur, 1999). For example, use of specialized 
machines results in crop-choices determined by equipment-economies, rather than by 
water-use efficiency that initially may not have been an issue. Research traditions and 
peer reviews can lead to similar lock-in. Likewise, loss of local seeds or landraces can 
result in “lock-out”, i.e. making it impossible to “return” to previous systems. 
Importantly, lock-in occurs in both HSM and SSM aspects of mixed farming, habits 
can result in from machine-choice as well as from acquired mindsets! 

c. Non-linear system behaviour as a consequence of the fact that a given system’s rate of 
growth depends on the context and condition of that system at the preceding moment. 
For example, the growth of an industry, or plant or animal population, depends on its 
size at a preceding moment and on the past, present and expected resource flows (Box 
4.6). The‘ learning’  of a system depends on its previous experiences; relations exist 
between past and present contexts and systems. Non-linear system behaviour is 
discusses in more detail in 3.2 

d. Relations between sub-systems as well as between systems and their contexts (Box 
4.2). A change in one part affects other parts, that is the holistic aspect of complex 
system thinking going beyond Newton’s ‘ two-body’  simplification. For example, the 
decision of one farmer to plant wheat may depend on others deciding to do the same. 
And new varieties or cropping patterns eventually affect ground water levels, social 
organisation, and so on, well into uncertainty.   

e. Communal ideotype (as opposed to an individual ideotype) refers to the tension 
between high individual yields and plot or herd yields, i.e. the choice for yield of parts 
rather than of wholes (Jones and Sandland, 1974; Donald, 1981; Schiere et al., 1999). 



To utilize the potential of a mixed system at a farm level one may indeed have to 
adjust the yield of the sub-systems (Table 9; figure 16). By extension, the single 
attention to grain-yield may go at the expense of soil organic matter, and attention for 
animals may go at the expense of the crops, illustrating both the need and difficulty to 
use the triple bottom line. The notion of the communal ideotype also provides 
additional explanation for the fact that some mixed blessings of mixed systems occur 
at both sides of table 2 where the general inventory does not specify level of system 
hierarchy at which the mixed blessing occurs. 

f. The algae principle is apparent in many graphs in this chapter, e.g. in fig.1, 9 and 10. 
It describes how ‘simple’ systems need less maintenance, but are also less capable of 
processing resources. In other words, at low resource fluxes like <500mm rainfall, 
only sparse rangeland vegetation can survive for use in livestock production. At higher 
resource fluxes it is possible to have more output, but the organisms that process the 
resources also need more maintenance due to their higher ‘complexity’. In the 
simplified case of figure 1 the crops do not grow well at <500mm rainfall, but at > 500 
mm the crops process more resources than the grasses. The principle was found by 
Elenbaas (1994) for green and blue algae. Much if not all of it can be generalized since 
it has explanation in thermo-dynamic theory (Schiere et al., 2004a).  

g. Predator-prey cycles refer to conditions where consumers, politicians, individual 
farmers, plant populations or animals act as predators on the resource base. Notions 
like stability and resilience are related to these behaviors in which stability refers to 
the pressure a system can take before breakdown, and in which resilience can be seen 
as the capacity to return to its previous state after collapse (Holling, 1973). The 
predator prey cycle occurs where foxes prey on rabbits, but also where farmers reduce 
their grazing and/or cropping pressure to make the resource base survive (Noy-Meir 
and Seligman, 1979; Heitschmidt et al., 2004; Bromley, 1994). One way to “survive” 
in a stressed mode is to adjust behavior, mindset and production process, a form of 
learning that applies to both biophysical and socio-cultural aspects of farming 
communities (sections 3.5.2; 5.3.2 and 5.4.3) 

h. Fractal behavior refers to repetition of form and processes at many system levels in 
space and time (Mandelbrot, 2000). The fractal nature of mixed farming systems 
shows where a system is mixed (in space) at animal, plant, herd, plot, farm, village, 
regional and (inter)national level (section 2). In time it shows when (ir)regularities of, 
for example nutrient uptakes, occur in hourly, daily, weekly intervals etc. Mixing at 
higher levels of space can have advantages, but it tends to be more energy intensive, 
because of the costs for communication and the need to recycle resources between 
parts at larger distance (trucks replace oxcarts and dungbaskets). Thus, it should be no 
surprise that cheap energy shifts mixing into higher levels of system hierarchy, e.g. 
from on-farm mixing in low external input agriculture (LEIA)(with little energy) to 
interregional mixing when specialized high external input agriculture (HEIA) farms 
dispose nutrients to cropping systems at larger distance (table 3 and figure 5). A good 
case of mixing in time is a plot that has wheat in one year and that is fallowed in the 
following year. 

i. Predator / prey relation (see box 3.2) 
j. The adaptive cycle and K- and r-strategies (see box 3.4) 
k. Algae principle (box 3.1) 
l. red queen (box 3.5) 

Non-linearities  
Non-linearities is a term that aggregates processes that do not behave in a straightforward 
manner. They include curvilinear responses and mode changes e.g. where pastoralism is 



replaced by mixed farming when rainfall exceeds 500 mm. Economists call this ‘break-even’ 
points, but non-linearities also occur beyond economics. They can be both nasty and pleasant, 
depending on the stakeholder and his/her mindset, becoming visible when considering the 
effect of more than one driver at the same time. This is away from a specialist focus, and 
towards the integrative approach that looks at the combination of fertilizer and planting 
density, rain, markets and population growth. Non-linearities are inherent in work and 
mindsets for mixed systems, and in the use of the triple bottom line that pays attention to 
several criteria at the same time. In fact, linear behaviors do not exist, just like ‘non-mixed’ 
systems do not exist (section 2). It can be useful to assume linearity over a narrow range, e.g. 
to establish how much water is required per gram of photo-synthesis, or labor required to milk 
a cow. But non-linearities are rule, no exception. They deserve more attention in research, 
teaching and policy making than thus far. This section first reviews a set of simple and 
common sense non-linearities with relevance for mixed systems. It then discusses specific 
cases of non-linearity in mixed systems at plot-, herd-, farm-, regional and national level to 
illustrate the general validity, excitement and challenge in these notions for future work. 
 
Examples of non - linearities 
The following examples on non-linearities ranges from common sense to far-fetched and it is 
sequel to the part on repeating behaviours. 
a) non-linearity in a very basic form occurs as convex dose response curves (fig 16) where an 

initial response to an input like for example nitrogen tends to be high at first, eventually 
tapering off assuming other factors remain unchanged. This illustrates, as important 
sideline a major difference between on the one hand linear (equilibrium) approaches that 
think in terms of ‘ceteris paribus’ (all other things remaining the same), and non-linear / 
non-equilibrium approaches on the other that think in terms of ‘ceteris non paribus’ (all 
other things changing). 

b) non-linearity as mode change occurs when one response curve intersects with a second one 
(fig. 16). This requires a ‘choice’ by the farmer (or policy-maker) to decide the level of 
input as well as on the type of crop or animal to be used. A typical case was figure 1 where 
‘farmers’ have no reasonable choice to mix animals or crops below approx. 500 mm 
rainfall, but beyond which ‘he’ can chose between crops and/or livestock. Note that the 
range below 500mm allows choice to mix animals. This represents fractal behavior, i.e., 
repetition of behaviors at various system levels where the choice of animals or crops 
becomes a choice for animal A, B or C (section 3.4.d). In case of such non-linearity a 
policy maker at the regional level can avoid or accelerate mode change, deciding for higher 
/ lower resource flows in the region, e.g., by subsidizing or taxing the respective input or 
output. Choice by farmers at the plot level occurs where higher plot yield in fig. 16  is first 
achieved by denser planting, after which it is only achieved at the expense of individual 
plant yields according to the principle of the communal ideotype (section 5.4.1). 

c) non-linearities as small –chance- events that have large -irreversible- effects: A particular 
system (farm, region, animal or crop) may be rather stable over a given range of drivers in 
space and time. A freak weather pattern or wrong reading of long term resource patterns, 
however, combined with for example persistent overgrazing, excessive cropping or 
political change can trigger irreversible processes (section 5.3.1).  



 
Figure 16: Non-linearity in plot and individual plant-yield (left) showing how progressive 

increases in planting densities affect individual plant performance (based for crops on 
Cocks, 1985; with striking similarity for livestock by Jones and Sandland, 1974). The right 
hand graph illustrates non linearities in a more basic form of the algae principle (3.4). 

 
d) differences often increase rather than to diminish. For example, a farmer in LEIA systems 

where dung is scarce (table 3) is likely to apply the dung and/or irrigation water around the 
plant only, or on soils that yield most. Thus, poor soils get less while they would need 
more for sustained farming (P. Motavalli and M. Anders, pers. comm., 1992; Giller et al., 
in press). In the same way, animal keepers tend to give the best feed to the highest yielders, 
and in mixed systems the farmers tend to allocate more resources to crops than livestock, 
or vice versa depending on which part of the whole yields more (section 5.4.3). In socio-
cultural and political terms, the poor get poorer while the rich get better, especially in 
contexts with restricted access to resources. 

e) averages vs variation. Use of averages is a handy way to cope with variation, but it gives 
other results than use of desegregated values. For example, feeding calendars based on 
average values and availability of crop-residues miscalculate carrying capacity (fig.17), 
and nutrient balances differ, depending on the scale used in the study (Schlecht & 
Hiernaux 2004). LEIA systems with little access to external resources cannot well correct 
local deficiencies of for example nutrients, water, information, motivation and / or skills 
regarding the uncertain future. As a result, they handle variation in different ways than 
HEIA, and even those systems now start to see advantages of recognizing patchiness 
within farms. “Precision farming” in crops involves, for example, sensing meter-scale 
variations in soil fertility, correcting these at the time of fertilizer or seed application. LEIA 
systems are keen to “exploit” local variation because of lack of inputs, cornucopian HEIA 
systems are interested in local variation to reduce waste disposal problems, and an 
associated possibility to reduce expenses. Conservationist NCA systems are keen to work 
with variation in order to be better stewards of their land. The similarity of LEIA, HEIA 
and NCA in this respect was shown already in section 2.4.5 and fig 13 and 14. 

f) issues of scale are part and parcel of the previous point on use of averages and they also 
occur in the difference of between and on-farm mixing (fig. 5 a/d). Between-farm mixing 
tends to lead to larger plots and herds per farm, even when the total area of one crop or 
type of livestock remains the same in the region. And one might here hypothesize that 
larger scale tends to increase energy costs and disease incidence. And of course there are 
other non-linearities here too. Financial costs and biodiversity indexes are likely to be less 
per unit product, if large scale equipment is used on larger farms. Less farmers of larger 
individual scale also cause significant mode change (non-linearity) in the collapse of 
support services (machine shops, post offices, schools). In other words, unintended 
degradation of countryside and agricultural production may result from cheap energy, a 
typical non-linearity where too little is not good, nor too much (Odum, 1975). An 



additional but different issue of scale as stressed in CSM is the perception on irregularity 
of for example climate and prices on season and farm level. Individual farmers have to 
cope with short term fluctuations that tend to go unnoticed by macro-economists and 
general trend-watchers. Examples of that were given in the multi year average of figure 2. 
and in the arguments on the role of different crop- and animal species in maintaining farm 
cash-flow and stability (section 5.3.3). 

 

 
Figure 17. Use of averages versus variation in feeding calendars based on a study of mixed 
farming in the semi-arid eastern parts of Java (based on Zemmelink; 1986). The average 
feeding value (as system driver) seems to be good enough to support reasonable production 
levels through the year. Monthly values show, however, that feeding value in May - June are 
below what is needed, even for survival. 
 
g) system dynamics due to different time and space scales. The diagrams with different time 

scales at mixed farms in fig 18 shows non-linearities in the sense that change of climate or 
cropping patterns can affect breeding schedules. For example, a late rain can upset the 
lactation of a cow, or labor calendars for local cropping and off-farm work. More hidden 
and mixed socio-cultural and bio-physical cases of differences in time scales is where 
seasonal, operational and community perceived “calendars” differ (Kersten & Ison, 1994). 
Typical biophysical examples of non-linearity occur where crops and animals differ in 
terms of ‘inherent’ time scales, e.g. where a C4 crop can process more CO2 per time unit 
than a C3 crop (Hatch & Slack, 1907; Monteith, 1978). Such non-linearities also occur in 
case of animals, where as their (mature) body size increases, the maintenance per unit body 
weight increases with approx. the power 0.75 (AFRC, 1993). Feed intake is proportional to 
maintenance, i.e. the turnover per body-mass and unit of time is higher in small than in 
large animals. In other words, small animals have a higher turn-over and they can eat more 
per unit time and per kilo body weight. Small animals also tend to reach their mature 
weight earlier and reproduce more rapidly (cf. Guinea pigs vs. cows). In other words, time 
scales of mixing change with body size of animals. Sudden flushes of resource density can 
better be used by small than large animals. This is one reason ‘pure’ pastoralists have 
mixed herds of different animal species (goats, cows, camels) with varying time scales and 
foraging behavior (P. Leegwater, pers. comm., 1999). The effect also emerges in the 
choice for poultry as the most appropriate animal to value grain surpluses from ‘bumper’ 
crops of favorable years and in climatically variable regions. Variability in time scales is 
also a major consideration in decisions on the use of animal manure (or any other organic 
nutrient source). Decomposition of the organic materials and the associated mineralization 
of the nutrients is difficult to synchronize with the demand for nutrients of growing crops 
(Vanlauwe & Sanginga, 2004), representing an interesting management challenge for 
efficient farming. To some extent this can be controlled by selecting a material with 
specific chemicals, but the environmental conditions that co-determine the rates of 
decomposition are impossible to control, particularly in conditions of mixed farming in 



semi-arid regions. Finally, the time scale of soil degradation is shorter than of soil-
regeneration (Fresco & Kroonenberg, 1992; Roose & Barthès, 2001).  

h) non-linearity as irreversibility implies that a given situation cannot be restored. Situations 
can be re-created, but not by going in reverse (Scheffer et al., 2001). Environmental 
degradation, a fight between people based on an accident, malnutrition, one sided 
education and / or competition for resources can lead to permanent distrust, again showing 
the inter-relations between ‘hard’ and ‘soft’ aspects of system behavior (Van Haaften, 
2002). The good news of such crises is that they can aid the mode change by adding sense 
of urgency, depending on local leaders and luck.  

i) Input - output balances and resource use. Integrated mixed systems re-use nutrients and 
tend to prevent them from leaving the system. Also, animals digest organic matter quicker 
than what would happen in composting processes. This implies quicker nutrient turn-over, 
allowing a system to more often re-use them as much as to incur higher losses. In some 
cases the trees pump nutrients from the subsoil, and some crops mobilize phosphorous or 
fix nitrogen (Kang et al., 1990; Hoffland et al, 1989; Sanchez,1976; Ohlsson, 1999). This 
higher internal turn-over may help to incorrectly and initially suggest that systems can be 
closed, a notion that cannot be true (Von Berthalanffy, 1968). Nutrients can be re-cycled 
but some inevitably leave the system in  produce or as a loss, and recycling itself needs 
energy input, e.g. from the sun. 

 
Figure 18: Different time scales in breeding, feeding and cropping (Thomson, 1987).  A 
superscript ‘2’ indicates that it is a crop residue based on irrigated cultivation; the caption to 
the y-axes is shown top left of each box.  
 
j) Irreversibility in psychology, soil degradation, gene-pools and social skills One typical 
example of irreversibility in biophysical terms refers to vegetation dynamics in drier parts 
of semi-arid areas where the woody component is often limited to bushes. The combination 
of deforestation, cropping, mind-sets, politicians and climate can disturb such apparent 
“bush” equilibrium, leading to rapid disappearance of the vegetation that leaves bare soil 
only. During intense rain showers, drops are not intercepted by vegetation but hit the bare 
soil and breakdown the soil surface structure into crusts that lead to run-off. The bare soil, 
although containing seed banks of annual herbaceous species, will have difficulty to 
produce a vegetation cover because this crust prevents infiltration of water. Neither the 
return of high rainfall years nor removal of livestock will easily lead to regeneration of 
vegetation, unless “mode-changing- management-concepts” are applied (Savory and 
Butterfield, 1999). In their approach, grazing can help break the crust, allowing the soil and 
vegetation to regenerate if done properly. One point to notice here is that non-linearities 
(new methods) are sometimes needed to solve problems caused by previous ones. Another 



is that animals in such systems are to be valued for their ‘holistic’ function, producing meat 
as well as maintaining the vegetation. Compelling analogies in other sectors of society 
occur where the loss of a particular social skill, gene-pool or cultural institution leads to 
irreversible change, also called lock-out as opposed to lock-in. In terms of mixed farming it 
may be more difficult to go from specialized into mixed, than from mixed into specialized, 
due to loss of skills, investments in equipment and even ‘holistic’ thinking. Keeping 
freedom of choice is one of the advantages of mixed farming . Principles and thinking from 
mixed farming have shown to offer useful alternatives in the case of Machakos in Kenya 
and even in the specialized HEIA systems in Western Europe. 
 
 
Non-linearities, lessons for the future 
Non-linearity is the work area where we think that most advances can be made. Three 
additional cases are given from daily mixed farming practice at farm, village and higher levels. 
They refer to a scenario study on the communal ideotype, a remarkable case of differences 
and similarities in the structure of nutrient flows, and a choice at country level regarding use 
of research funds for improvement of either coarse or fine grains. We deliberately include a 
thought experiment in section 3.2.3 to stress the use of reasoning to complement empirical 
approaches that are hard and unproductive for short term decisions in complex systems.  
 
Optimum vs maximum yields in a mixed system of India at farm level 
The term “communal ideotype” was often used in this chapter of the monograph for the 
phenomenon that total system yield at plot- or herd level does not always go well with 
increased sub-system yield (section 3.4). The principle is illustrated for a case with animals 
and crops at the farm level, where milk production “density” can be considered as a system 
driver (Table 9). It was found, unintentionally, by a thought experiment for a hypothetical but 
realistic mixed farming system in the semi arid regions of India, north of Bombay. The 
calculations showed that individual animal yields beyond a certain point resulted in lower 
total milk yield of the farm, higher cotton area cropped at the expense of a lower area of food-
grain and associated farm income. The main reason is that straws from grains can be used by 
less productive animals. The ‘straw’ cannot be used any longer if animal performance 
increases, and thus the joint value of straw and grain eventually becomes lower than the single 
value of the cash crop, in this case cotton. It is the case of fig. 16 replayed, and similar effects 
are reported for mixed farming systems with sheep - wheat - barley systems in Syria where 
lower individual animal yield was needed to achieve higher crop and total farm yields. The 
importance of this point cannot be stressed enough because it reflects the use of a triple 
bottom line, i.e. a paradigm change essential to better understand mixed farming in resource 
poor conditions. It implies a need to seek a new balance of attention, towards the performance 
of parts, away from attention to parts and individual yields.  
 



Table 9.  Optimum crop combinations, herd size and production at different individual cow 
productions, with a basal ration of straws, and access to a small fixed area of good quality 
fodder (Patil et al., 1993) 
 

Individual 
Production 
(L/day/cow) 

System production 
(l/day) 

Herd size 
(cows/farm) 

Cotton (ha) 
See note 1 

Total income from  
milk and crop sales 
(Rs./day/farm) 

0.3 1.0 3.5 0 10.5 
2.0 5.1 2.5 0 22.2 
4.0 7.8 1.9 0 30.4 
6.0 9.5 1.6 0 35.4 
8.0 10.6 1.3 0 38.9 
10.0 10.6 1.1 0.4 39.1 
12.0 10.4 0.9 0.8 38.9 
16.0 6.6 0.4 1.0 27.6 

Note 1: total area is 1 ha, i.e., 0 ha cotton implies 1 ha of sorghum, 0.4 ha cotton implies 0.6 ha sorghum, 
etc.; Note 2: cows are “tropical” cows and a milk yield of 10 lts. for a small tropical animal of 350 kg is 
comparable with 20-25 liters for a larger “temperate” cow; Note 3. Rs is Indian Rupees, at that time 1 US$ 
~ 25 Indian Rupees) 
 
Policy choices for allocation of research funds 
National policies tend to be based on choices for country level interests and use of averages. 
This represents an interesting issue of scale and hierarchy, i.e., in this case a country is seen as 
one large mixed system, and the choice to fund research for a particular crop at national level is 
likely to affect system efficiencies at lower levels. One case is that crop-insurance for maize and 
not for sorghum in the US may be a reasonable policy from a national point of view and in 
terms of money. But it encourages farmers to grow maize (for its insurance) rather than 
sorghum, which is more suitable ecologically and economically in drought prone areas (J. 
Dahlberg, pers. comm. 2003). Another case is that funds are often allotted on relative 
importance of crops in the national economy, generally measured as grain output.  
 
What counts again in this case is the use of the triple bottom line versus a choice for single 
measurement approach (section 3.1). For example, national importance based on grain-value 
alone favors high yielding but ecologically demanding grain like rice or wheat. A choice to 
measure a combination of grain, straw and other values like erosion control, resource use 
efficiency or rural development might favor sorghum or millet. Particularly if the national 
interest includes social / ecological sustainability of poorer areas one might prefer to spend more 
funds on the minor crops. More specifically, the contribution of straw to total plant value in 
grains like wheat and rice may be around 10 - 20%, but in grains like sorghum and millets this 
can be more than 50% of total crop value (Schiere et al., 2004b). The choice to estimate national 
relevance of a crop on grain rather than whole plant value basis creates a bias towards the 
"better” grains that have an advantage already because they are grown in the better areas. The 
triple bottom line approach inherent in mixed farming mindsets would further acknowledge that 
“better” grains require tractors and fossil fuels. Coarser grains like millets in LEIA systems are 
grown almost on solar energy alone, e.g.  through the use of animal traction. They use relatively 
little fossil fuel, thus implying different energy use efficiencies (Schiere et al., 2004a/b). The 
choice of investing in a better yielding crop resembles the farmers choice to use his limited 
resources on either the fertile or the infertile plot (section 5.2d).  
 
  



 
Box 6.1 The algae principle and niches for organisms and farming systems  
 
The algae principle shows that a minimum input of energy is required to maintain the rather simple system of the 
prokaryotic blue algae. Increased resource fluxes lead to a curvilinear response that eventually results in less than 
maximum output.  However, a more complex organism like the eukaryote green algae in this case, needed a 
higher resource flux for maintenance, but it also produces more (Elenbaas, 1994; Schiere, 1995; Allen, et al. 
1999). The diagram shows that a certain input (X-axis) is required to maintain the form of a given system, to 
offset or to compensate for the tendency of local loss of form or increased entropy, as implied in the second law 
of thermodynamics. Initially, the output (Y axis) increases as the inputs increase. This continues rather linearly 
up to the point where the organism cannot cope with more input and where non-linearity starts to show. On 
proceeding from left to right on the X-axis the resource flows increase. In that case another system with higher 
maintenance requirements can better use the resource flow in that ‘ niche’  to yield higher output, and so on. The 
algae-fractal repeats itself in animals (here cows), and with ‘ improved’  plant varieties, for example, as resource 
flow increases due to increased soil fertility. 
  

     output 
 
 
 
 
 
 
 
            �  

       Input 
 
    Zebu cows     Crossbreds  Turbocows 
    on straw     on grass  on fodder / grains 
 
    Millets / rye     Sorghum / barley Wheat / rice 
    on poor rain fed soils    on better soils and high input  

Real life systems often display more irregular behaviour than the stylised response illustrated above.  For 
example, organisms with a higher maximum efficiency than those illustrated in the diagram, would lead to a 
different tangent. However, higher efficiency is always restricted to a particular niche (in other niches they 
would have lower maximum efficiencies) and systems that depend on higher quality fluxes to give high outputs 
may not be the most efficient.  
 
 
 
Box 6.2 Positive feedback, lock-in and perverse system behaviour  
‘Successes’  that reinforce themselves are examples of positive feedback, also called path-dependency or lock-in 
(Arthur, 1990).  Lock-in effects can be positive or negative, depending on the chosen time and space scales of 
the context and on the value perception of the observer. Typically, lock-in occurs when a system cannot shift 
from a paradigm and adjusts to changing biophysical or socio-economic contexts. For example, the success of 
greenhouse farming in the Netherlands is associated with the emergence of a support infrastructure that makes it 
even more successful, though sometimes also more vulnerable to stress.  Such vulnerability is real when 
consumers get fed up with certain products, due to food scares for example. Dutch tomato producers faced such 
a challenge when German consumers started to nickname the standardised tomato as ‘water-bomb’ . In other 
contexts, such vulnerability is real enough in irrigation schemes that initially boost food production and income, 
based on processes that are accompanied by depletion of aquifers, social change, and eventually collapse due to 
success. There are dramatic cases of systems that ‘ learn’ , often in non-linear and abrupt ways. Abrupt learning 
processes manifest the awareness that one enters, for example new ways of farming after a nasty disease (foot-
and-mouth); or a new world ‘order’ after the twin-tower incident. 
 
Perverse system behaviour is the term used when systems do the opposite of what they are expected to do.  For 



example, well-intended subsidies to provide price support for farmers can obscure true market signals and lead to 
lethargy, overproduction, and collapse and hardship in the long term. The floor price scheme for Australian wool 
is a notable example of such perverse system behaviour. In 1990, the Australian Wool Corporation unwisely 
increased the floor price of wool, leading to the build up of a large stockpile. Eventually, the floor price scheme 
was abandoned and the last of the stockpile was sold in 2001.  This experience caused the Australian government 
to lose faith in commodity marketing boards and to deregulate marketing in agriculture (Chapter 3).  
 
 
Box 6.3 A simple representation of a one-predator/one-prey relationship 
The phase-space diagram below, also called attractor by ‘chaos’  workers (Gleick, 1987), is a simple illustration 
of a one-predator/one-prey relationship in dynamic equilibrium.  It shows how a rabbit population (the prey) can 
increase rapidly from t0 to t1 because at t0 there are only a small number of rabbits, a relative abundance of food, 
and few predators. The predator population (foxes) only starts to grow after the prey population has started to 
grow. The number of rabbits continue to grow from t1 to t2, but this growth rate decreases because of increased 
pressure from predators and/or reduced food supplies. When the rabbit population remains stable from t2 to t3, the 
fox population continues to grow, even from t3 to t4 when the rabbit population starts to decline. Subsequently, 
the rabbit population declines further, leading to weaker foxes, and after some time the rabbit population finds 
itself growing again with renewed abundance of food and low predator pressure. 

 
 
Real life situations that resemble this type of model are the decline in quality of resource bases due to 
exploitative ways of farming and/or consumer behaviour. Degraded sand dunes are part and parcel of Dutch 
agricultural history but occur around the world more generally. Even the disappearance of ‘clean’  soil and air as 
a result of excessive ‘waste’  from fertilisers, animal manure, car exhausts and (agro-) chemicals is likely to force 
the predator population that is called society into other modes. Like all models this one simplifies but illustrates 
real system behaviour. 
 
Box 6.4. Holling’s adaptive cycle (Holling, 1995; Gundersen and Holling, 2002 ) 
The adaptive cycle is most easily understood by entering the ‘pretzel’  at the top left, a mode that tends to occur 
after system collapse and/or sudden influx of resources ( e.g. after a flood, volcanic eruption, disease outbreak 
or political instability). At that point there is a relative abundance of unused resources that is captured by fast 
but not necessarily efficient colonisers (the ‘cowboys’) in the bottom left quarter. As colonisers multiply 
resources become increasingly scarce, hence collaboration and resource exchange become advantageous. As a 
result, the more efficient but rigid systems tend to take over into the top right quarter. Over there, access to 
resources declines for individual cowboy type organisms, and connectedness increases, until the system breaks 
down again (the bottom right quarter). Importantly, the release and reorganisation phase may take much less 
time than the exploitation and conservation phase, as indicated by the different densities of the arrows. 
Moreover, systems will run in different modes at the same time and at different levels of system hierarchy: a 
plant or animal itself is quite interconnected and can store as many resources as possible, while organisation at 
the plot or herd scale may still be relatively ‘ inefficient’ . Mode changes occur at the end of each quadrant and 
throughout, as well as at different levels of system hierarchy. 
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Box 6.5 Red Queen  
‘The principle of zero change in success rate, no matter how great the evolutionary progress in equipment, has 
been given the memorable name of the ‘Red Queen effect’ by the American biologist Leigh van Valen. In 
Through the Looking Glass, you will remember, the Red Queen seized Alice by the hand and dragged her, faster 
and faster, on a frenzied run through the countryside, but no matter how fast they ran they always stayed in the 
same place. Alice was understandably puzzled, saying, ‘Well in our country you’ d generally get to somewhere 
else – if you ran very fast for a long time as we’ve been doing.’ A slow sort of country!’ said the Queen. ‘Now, 
here, you see, it takes all the running you can do, to keep in the same place. If you want to get somewhere else, 
you must run at least twice as fast as that!’ 

The Red Queen label is amusing, but it can be misleading if taken (as it sometimes is) to mean something 
mathematically precise, literally zero relative progress. Another misleading feature is that in the Alice story the 
Red Queen’s statement is genuinely paradoxical, irreconcilable with common sense in the real physical world. 



But van Valen’s evolutionary Red Queen effect is not paradoxical at all. It is entirely in accordance with 
common sense, so long as common sense is intelligently applied. If not paradoxical, however, arms races can 
give rise to situations that strike the economically minded human as wasteful. 

 
 
 
Exercise 3.1.Mention two concrete but clearly different examples (in terms of species and/or hierarchy) of at 
least four of these “behaviours” each. 
Exercise 3.2. Try to mention two behaviours that are not yet mentioned, with examples. 
Exercise 3.3. Mention at least one drawback of these “analogies” and one advantage. 

 
 
6.5 Impossibilities and coping strategies 
 
Much teaching tends to focus on problems that have solutions. However, there are many, if 
not more problems in life that have no solution; and the way of looking at things (mental 
models; paradigms) determines the outcome to no small extent. For example, the war in Iraw. 
And one can learn to “cope with impossibilities” just like one can learn to ‘see’ system 
behaviour. Quite surprisingly, once we accept that that there is no solution, it becomes 
possible to see that there are several coping strategies that range from “give-up”, sent more 
soldiers, involve Syria and Iraq, split the country etc.  
 
Box 6.6  A one-problem-one-solution approach versus  use of combinations of coping strategies   

Teaching is often based on questions and problems that have one solution (1+1=2). Some problems, however, 
have more than one solution (Ö4 = ±2) and complex problems tend to have no solutions. Taking an example 
from animal nutrition: it is impossible to mix two feeds, A and B, with 50% and 70% TDN (an energy value) 
respectively and 10% and 20% crude protein in such a way as to arrive at a mixture with 60% TDN and 18% 
crude protein. Such ‘ impossibilities’  are common in examining the trade-offs between higher agricultural 
production and lower resource use, or more ‘nature’  value (Table 4.2). A strange paradox in non-linear thought 
is that an infinite number of coping strategies are available once we accept that a particular solution is 
impossible (or even if we accept that the solution has an undesirable cost). The choice of the observer once 
again becomes an operative factor e.g. in the decision whether or not the benefit of a ‘solution’  outweighs its 
cost. For example, in the case of the feed mixing, it is possible to achieve an infinite number of feed mixes 
from A an B if they both contain > 60% TDN and > 18% CP. 
A coping strategy is a way of dealing with a problem in the knowledge that a ‘perfect solution’  does not exist. 
One gains something while losing something; your gain may be my loss, or vice versa, some prefer this, others 
prefer that. In accepting the existence of trade-offs, one should ask which set of options is available for 
different farmers to cope with a crisis, including the option to quit. Complexity and chaos management stresses 
that more than one option is available, none of them is 100% perfect for all stakeholders, and each one leads to 
continued system dynamics (co-evolution). The change from thinking in terms of one solution towards a 
combination of coping strategies requires a paradigm shift from static towards dynamic thought. 
 

 
 

Exercise 4.1 How would a HEIA system (a conventional farming system) cope with the 
feed mixing problem and how would a more eco-oriented system cope with it. Give two 
strategies for the HEIA farmer and two for the eco farmer8. 
Exercise 4.2 Given the fact that a well managed farm has to conform to even stricter 
nutrient emissions, how would you suggest three coping strategies (one at farm level, one 
at community level and one at national level) 

                                                 
8 This distinction is a bit artificial here but maintained deliberately to illustrate the kind of differences  



Exercise 4.3 Give two more examples of “impossibilities” in daily life of policy setting 
and livestock production, each with four ways to cope (divided over at least two levels 
of the system hierarchy)  
Exercise 4.4 How would a conventional farmer interpret and react to the occurance of 
weeds and disease on the farm as compared to eco-minded farmer? 

 
 
 
6.6 Mode changes in agriculture, some examples 
 
Many examples of dynamics and mode changes in agriculture are known, each caused by a 
combination of internal and/or external factors to be discussed later. A rather random list was 
given here, it is not comprehensive. Our aim here is to illustrate the generality of complex 
adaptive systems 
 
Europe and Asia 
The major changes in the ages before the green revolution in the sixties range back from the 
shift of hunting and gathering into neolitic farming. That shift intself must have been 
associated with a great change in the mindsets of the settlers, the gods. An essentially similar 
shift took place around the world, in India (for the Aryans) and Western Europe (for the 
German tribes) some 3000 years ago when the Aryans moved into Northern India and when. 
However, the Aryans came in as nomadic tribes whereas the Germans must have come 
walking in, but that is a matter of scale and not of principle. When the Aryans arrived, there 
were already earlier settlers of the gangetic plains in place, practicing early forms of 
agriculture (Rhandawa, 198.). 
 
In Europe, Charlemagne is associated, rightly or wrongly with the shift into a two-way system 
with a grain – fallow rotation in the early ninth century (...), away from ..... That was to be 
followed by further intensification towards a three-way system that included clovers and stall 
feeding in the Flemish system (Slicher van Bath ..), and with the Norfolk system that also 
included turnips for the phosphorous cycling (...). We ignore the changes in the middle ages 
and during the black death, to see that eventually with leaps and falls the West European 
farming moved into a system that came under great stress in the end of the 19th century when 
cheap grain from overseas instigated the start of an official effort at agricultural research, 
education and extension. It is curious to see in terms of agricultural R&D that the Netherlands 
in the early 19th century saw the rise of ‘enlightened’ landlords who sort of top down defined 
‘better’ farming practices that were out of reach for most of the farmers (...). They were 
succeeded in the end of the 19th century by village schoolteachers, docters and/or preachers 
from less noble offspring that managed to communicate better with the farmer’s need (....). 
They did manage to facilitate change, at the time when fertilizer started to become available 
and when the Dutch system had just gone through a serious crisis due to cheap overseas grain 
(Bieleman, ...).  
 
Africa & the Americas 
We can only too briefly touch on great mindset and agro physical changes such as in the 
1930ies in the US-dustbowl (Baumhardt ...; Lockeretz ...), from which current conservation 
farming approaches has sprung to no small extent. The Aztecs managed to achieve high levels 
of agricultural output, combining an effort building soils on terraces or in the water (great 
change that much have been) and the ancient population of the Amazon was able to convert 
the poor soils of the Amazon into the highly productive Amazonian Dark Earths.  



 
Other mode changes  
The first and largest mode change of farming right after the second world war has been the 
Green Revolution, based almost entirely on top down and technolical approaches. Paralels 
between India and the Netherlands are striking, including the need to turn the farmers mind in 
order to convince them into modern farming. The rest is known and these broad changes are 
touched upon in the earlier parts of this paper. Many smaller mode changes are not know to 
the greater public and they do deserve mention  
 

- the Sukomarji hills .. 
- the Landcare .. 
- the Machakos .. 
- STOBBS .. 
- the Tanzania case (AMBIO) 
- Organic farming referenties Padel 
- Sri Lanka Sarvodya 
- Kenmore 
- Cuba (Julia Wright) 
- Dairy Anand 
- Brazil: Leyes stan rimiendo 
- BAIF program CAS-BRP 
- Wet to dry rice systems 
- Clover use in Dutch agriculture 

 
Complex Adaptive systems: Some causes for change and lessons. 
Some, but not of these mode changes started at one farm and were replicated to a much larger 
scale. Others must have been some kind of “mass-response” of a region, e.g. during the 
dustbowl. Some were a result of different thinking about agriculture, others resulted in 
different thinking. In all cases there was a combination of biophysical and mental (mindset) 
shifts associated with the change. But though it is hard to figure out what comes first and how 
the specific mechanisms operate (if ther IS any specific mechanism). In some cases it is a 
person who in combination with a larger groups manages to effect significant change.   
 
Complexity & wholes at different levels 
Individual systems do not exist in isolation from each other. They interact and together form 
larger systems in a hierarchy where boundaries are hard to define or even non-existent. For 
example, several cells (made up of organelles) make one organ (root system, kidney, brains). 
The organs together make a larger system (plant, animal, man), they together make farms, 
village communities, regions, etc. Each of these levels can be considered as a ‘separate’  
system, i.e. it is always important to state at which level one is working (organelle level, 
organ level, and so on to national level and beyond). Cells themselves are infinitely complex, 
but their complexity simplifies itself as one moves one level higher in the hierarchy where 
one considers a cell without ‘ losing the wood for the trees’  in the details of interaction at 
individual cell level. This also implies that for a larger system to function, one needs to accept 
that the lower level systems adjust themselves towards the larger whole, but that the reverse is 
also true! Farmers tend to be interested in plot, herd and whole farm yield, not so much in the 
specific individual yield of a plant, animal or other component. Governments tend to be 
interested in the ‘common’ well-being or gross national product of a region, if necessary at 
the expense of certain individuals. 
 



Not only does the complexity of systems at lower levels simplify itself at higher (and lower!) 
levels. Systems also tend to repeat behaviour at different levels of space and time. This aspect 
of repetition is reflected in the notion of fractals. For example, measuring the length of a 
coastline appears to be easy if one has a given ‘yardstick’  that overlooks irregularities like 
rocks. However, with a finer ‘yardstick’  one encounters new complexities, such as how to 
factor cracks and irregularities in rocks into the measuring process. This metaphor was 
developed by the  mathematician Richardson in the early 20th century. It was revived by 
Mandelbrot in his ‘discovery’ of fractals, mathematical reflections of real life phenomena 
where systems at several levels of space and time repeat similar behaviours. For example, 
irregular feed intake in animals over the day is matched by irregular feed intake over weeks, 
seasons, years, countries; irregular energy fluxes and nutrient supply in plants, or farms and 
regions show similar patterns. In the same way, one can better understand the principles of 
mixed farming by learning from similar processes at cell level, plot level or international level. 
A paradigm shift is implied by the realisation that system behaviours tend to repeat 
themselves whether  ‘we’   are cell, ‘man’  or rabbit and fox populations. All of a sudden we 
are part of nature, not above it, in spite of the special responsibilities and choices that we may 
have (Cohen and Stewart, 1994; Schiere et al., 1999; Mandelbrot, 2000). 
 
Implications 
The relevance for policy-making of such notions is that rigidity and administrative measures 
for system control are unlikely to be effective in the long term.  Beyond certain (threshold) 
values, systems start to respond by behaving differently. They yield less, or they diversify into 
different modes as implied in Box 4.1 and Box 5.1. Complex problems that have no easy 
solution tend to result in different coping strategies, the combination of which results in the 
next phase. More refined measurements and extrapolations may be counter-productive if they 
obscure other avenues. They may even ‘waste’ resources that could better be used for more 
relevant and/or emerging phenomena elsewhere if they keep us locked in tradition (‘ lock-in’ ). 
For example, the post-World War II emphasis on high yields in Australia and the Netherlands 
ignored the emerging problems of salinisation and eutrophication. And the recent outbreak of 
foot-and-mouth disease in Europe illustrated two other potential difficulties with the linear 
measurement and control approach. First, a centralised rigid and large bureaucracy  can 
aggravate an emerging problem. Second, one sided emphasis, ostensible control of ‘accidents’ , 
may actually lead to higher social and physical costs, rather than to more efficient overall 
production.  
 
Emergence of a combination of several coping strategies, rather than one or a few isolated 
solutions is central to CSM and it is a major characteristic of non-linear system behaviour 
(Box 4.1). One of the coping strategies is the decay or ‘death’  of an existing system, a 
‘solution’  that is politically often hard to accept. However, it tends to allow for the emergence 
of new forms. Schumpeter calls this ‘creative destruction’  (Holling, 1995). It is a notion 
remarkably close to Hindu thinking on creation and destruction operating in parallel. Another 
aspect of working with a combination of coping strategies is that one ‘allows’  a system to 
choose a particular mode out of several alternatives, depending on what other systems do. 
This introduces a variation of forms and surprises (diversity and serendipity) that eventually 
leads to unforeseen consequences and continuous dynamics. The notion of ‘solution’ rather 
than ‘coping strategy’ tends to imply only one choice with a final and static result. Too often 
we tend to train our students with just such a notion of solutions by offering them ‘simple’  
problems (Schumacher 1972). This leads to one-problem-one-solution approaches, and to 
linear efforts being undertaken to maintain growth in, for example, a given type of food 
production. Such an approach is likely to eventually strain systems and their contexts to such 



an extent that they encounter limiting factors and crises (see Chapter 5 and below in this 
chapter). In real life it is likely that unexpected combinations occur and that systems diversify 
(Box 4.1). Dutch farmers have responded in various ways to a series of emerging problems, 
such as overproduction, environmental impacts, animal welfare, etc. These coping strategies 
include emigration, buying additional manure quota and/or more land, hoping for better prices, 
sale of home-products, small-scale tourism on their farm, quitting, etc. Much linear policy-
making and teaching tends to shelve small creative efforts as not useful for ‘ the sector as a 
whole’ , or it continues to seek prototype ‘solutions’ that can be generalised. ‘Chaos’ -
management is keen to identify new exceptions and sees diversity as an opportunity. 
Creativity is an essential ingredient where mechanistic approaches fail, and ‘mess’ is 
important when mode changes cannot be avoided at reasonable cost. 
 
Box 6.7 The importance of context and the inseparable nature of system and context 
relations. 
Context and the active interaction between context and system is pervasive to such an extent that the distinction 
between context and system becomes blurred. Context acts, for example, where a bee egg that is well fed 
(‘good’  context) develops into a very reproductive queen, while the same egg in the context of ‘bad’  feeding 
develops into a sterile worker. In other words, the information in the egg expresses itself differently depending 
on context. It is not ‘nature or nurture’ but ‘nature and nurture’, nor is it ‘external or internal’ development. It 
is the interaction between the system and its context (if those concepts can even be used in the traditional 
sense). The same holds true for the seed of a pine tree that develops into a crooked tree once it germinates in an 
open space (provided it is in a context with enough water, no fire, etc.). In a forest, however, the same seed 
develops into a straight tree, not after first trying to grow crookedly, but directly at the first attempt. Quite 
different and similar in this connection is the mode-seeking in weather systems: depending on a particular 
combination of relative humidity, temperature and air pressure, clouds will form, all of the same general shape 
that belong to that particular type of climate. Other cloud shapes  would be formed under different temperature 
and humidity conditions. Similarly, a farmer operating in densely populated areas has a different view on 
farming than one operating in the far outback; matter and mind are linked, system behaviour and context are 
linked. 

 
 

 A fascinating example is the case of the fertilised egg in a conducive context, as shown in the above diagram 
(I). It splits into two similar ones (II) and so on until the cluster of eggs consists of cells with similar genetic 
information but different self-induced contexts (IV-VI). Untill stage III all cells have a similar context, though 
different from their predecessors.  After stage IV the ‘inside’ cells, however, have different context than the 
‘outside‘ ones.  Somewhere at this stage, the ‘whole’ system starts to diversify into what could be called 
epithelium and endothelium cells. Such development has a strong  parallel in the development  (or co-evolution) 
of farming systems (Box 5.2).  System development in this CSM notion is the result of dynamic relations 
between system and ‘its’ partly self-generated context. The HSM notion of a ‘ frozen’  system with a fixed 
context of ceteris paribus needs to be reconsidered if one takes these concepts for more than instrumental value 
alone. A particular form and process of farming may emerge due to a given context, but sooner or later it is also 
the farm and farmer that determines the context, and then back again, and forth again, but always onward.   
 
Ceteris imparibus 
A system deposits products and waste into its surroundings (context) while simultaneously drawing resources 
from its surroundings (Figure 4.1). As a result, the total entropy of the system and its surroundings increases 
and a system changes its own context. Contexts of open systems can be similar, but they are never the same, not 
in time, nor in space. They are in a constant change of the kind that was mentioned by Heraclites when he said 
that we never step in the same river twice. We here call this ceteris imparibus, as opposed to the notion of 
ceteris paribus commonly used in classical economics.  The contrast between ‘ceteris paribus’ and ‘ceteris 
imparibus’ reflects what is also called in other disciplines the contrast between ‘equilibrium’ and ‘non-
equilibrium’ thinking, or between ‘control’ and ‘participation’. Ceteris imparibus stresses that new systems and 
contexts continue to emerge. Only those system-modes çan survive (are sustainable) that find a balance between 



adjustment to changing contexts and/or maintenance of their own context.  And to stress contradiction and 
strange tensions, only systems that are prepared to change will survive (Chapter 6).  Changing contexts may 
result from endogenous and exogenous ‘causes’, learning systems involving managerial choices, policy options 
and God’s dice. In that process of change and repetition of form one can discern various ‘patterns’ which, with 
due caution can be generalised for all kind of system behaviours. They also were part of what Aristotle looked 
for. 
 
The butterfly effect was one of the discoveries that undid the clockwork notion and re-
introduced uncertainty. It matches other work from the second half of the 20th century 
concerning complexity e.g. relativity and quantum physics. The fact that a change in one part 
of a system may have an effect elsewhere starts to be hesitatingly accepted in HSM. It is 
present in the concept of learning systems in SSM, and inherent in the notion of trade-offs 
(Conway and Barbier, 1990). It is central to the complexity thinking of CSM which states that 
complex problems have more than one coping strategy (Box 4.1), that several perceptions 
exist (Box 5.2), that uncertainty is the rule, that certain modes are more likely than others and 
last but not least, that system and context are inseparable and yet different. Interrelations lead 
to trade-offs, their existence has more than merely an instrumental significance. Trade-offs 
and loss of control therefore become part of our world-view. Efficiency gains in one place are 
likely to cause efficiency losses elsewhere. The optimal use of limiting factors, the timely 
shift into other modes and, as a matter of ethics, the judicious and respectful use of finite 
resources and nature then become relevant. Trade-offs occur at and across all levels of system 
hierarchy (Table 5.1) as illustrated by the following examples: 
·  At crop level, emphasis on total plot yield tends to occur at the expense of individual plant 

yield. 
·  At animal level, breeding for breast-meat in turkeys resulted in physical limitations in 

terms of reproductive behaviour. 
·  At flock level, attention to high laying percentages in hens implies the ‘emergence’  of 

male chicks that have to be destroyed due to inferior meat production characteristics. 
·  At farm level, profitable forms of mono-cropping may lead to more disease pressure or 

soil erosion.  
·  At regional level, a dam for irrigation downstream may displace local populations 

upstream. 
 
Not all feed-backs or trade-offs are negative, indeed at first they tend to be ‘positive’ , but 
carried too far they tend to ‘produce’  ‘negative’  side effects, an essential feature of non-linear 
system behaviour. Whatever the situation, the choice of criteria and trade-offs determines the 
analysis and design of new systems; the observer affects system behaviour, man and farming 
are part of nature. Tensions in farming do not just happen, they are part and parcel of 
development and they occur at all levels of system hierarchy. In the CSM world-view, the 
image of agriculture being marred by ‘problems’  is not an accident, it is the consequence of a 
combination of different perceptions, past choices, non-linearity and the unpredictable effects 
of ‘God playing with dice’ . Continuous alertness to feedback is required, while the need for 
participation overtakes the notion of mechanistic control. Managers, policy-makers, teachers, 
researchers and farmers have choices to make and signals to interpret; learning systems are a 
necessity, not a luxury. So is there any certainty at all? 
 
 
Box 6.8  Perceptions of fluctuation and stability/resilience by different observers 
 

Lock-in or path-dependence implies that systems can start to develop in a fixed direction that prevents 
change (Arthur, 1999). For example, use of specialized machines results in crop-choices determined by 



equipment-economies, rather than by water-use efficiency that initially may not have been an issue. 
Research traditions and peer reviews can lead to similar lock-in. Likewise, loss of local seeds or landraces 
can result in “lock-out”, i.e. making it impossible to “return” to previous systems. Importantly, lock-in 
occurs in both HSM and SSM aspects of mixed farming, habits can result in from machine-choice as well 
as from acquired mindsets! 
Different perceptions on the severity of fluctuations in a system reflect an observer’s choice for the scale of 
observation.  For example, a farmer having a time horizon for survival between points A and B will 
experience irregularity, but an administrator dealing with a time horizon scale from A to C will note 
regularity! This issue has been worked out, for example, in great detail for perceptions about sustainability 
and size of catch in fish populations by Van Densen (2001). 

 
 
 
 
 
 
 
 
 
 

 
Mode changes in mixed farming  
 
Many practical examples of repeating biophysical and socio-cultural mode changes have 
already been shown. A decisive mode change for US farming was the dustbowl some 80 years 
ago (section 5.3.2), which led to a massive paradigm shift in farming. From rather specialized 
cornucopian monoculture of cotton, farming changed into more conservationist forms of 
mixing and even to other ‘mixed thinking’ with crop-rotations for sustained long term yields. 
More mode changes are likely in the US plains due to declining water aquifers, as in many 
tropical mixed systems (towards specialization) due to greater access to inputs, and in 
temperate specialized systems towards mixing due to problems of waste disposal. All this 
provides direction to policy setting, e.g., rising energy prices are likely to re-establish the 
relevance of mixed farming, and especially the integrated forms agriculture. Today, the highly 
innovative efforts at finding perennial grain crops for better farming in the dry regions of the 
North American plains represent another typical paradigm shift and mode change (Cox et al., 
2004; Jackson & Jackson, 1999). In such mode, changes one can see the fluidity of the 
distinction between hard and soft issues, and close interaction between issues of matter and 
mind. Such mode changes at the regional level that both concern the management of mixed 
systems, but in different guises, are now given. 
 

 
Fig. 1. Different causes resulting in similar mode changes. The top figure represents a system as in figure 11. In 
the lower left hand figure the input supply (e.g. fertilizer, water, feed) is disturbed. The lower right hand figure 

shows a problem with ‘waste’ disposal (e.g. dung, straws, etc.). This case is discussed in 2.4.5 for changes due to 
either less access to fossil fuel in poor, and problems with “waste” in richer contexts.. 

A B C 



 

 
Fig. 14. Three strategies to overcome reduced resource flows of Fig. 13. The left hand figure illustrates use of 
added value (see darker shading produce arrow), the central one emphasizes larger scale, the right hand one 
chooses recycling and mixing to maintain resource flow in the system. 
 
 
 
A mode change in mixed farming from Machakos (Kenya) 
A typical case of population pressure as a driver of mode changes in time is that of Machakos 
district (Kenya). The key of this system lies in a variety of livestock feeding methods. In the 
past, possibilities to integrate crops and livestock were neglected and the contribution of 
livestock to household -cash- income was limited. Farming systems were of the diversified 
kind. One way to change was to establish individual titles to land, visualized in demarcation 
and enclosure of grazing areas, a mode change in socio-cultural aspect. After this, some 
farmers recovered and developed the grazing areas to provide grazing, timber and fuel. They 
use multipurpose animals, they do not aim at fast maturity, they even accept seasonal weight 
loses of their livestock, but they aim at high production on an area basis (section 5.4.1). 
Higher stocking rates can now be maintained using crop residues, i.e. increasing population 
led to reduced grazing land areas, a change in the role of cattle, and replacement of livestock 
by crops as the main source of cash. Adjustment was a key to sustainability and “drivers” like 
shortages of land in parts of the district, combined with a national economic recession, local 
leadership, high costs of education and other expenses for raising children, led to voluntary 
family planning. Also, the process was supported by a program in which people that had 
migrated to the city sent money back to the villages the process. 
 
The evolution of the Machakos system in time, however, differed in space between drier and 
wetter areas of the district, and it depended on farm size: 
- in the semi-arid region, animal draught power was important in various water conservation 

techniques, reducing risks of crop failure. Farmers on smaller farms combine wet-season 
grazing with dry season use of crop residues, while larger farms rely more on grazing 

- in the sub-humid region, where high population density leads to very small farms, draught 
power is no longer necessary and cattle are valued more for manure and milk. 

In general, where land is scarce, fodder production is combined with soil conservation and 
stall feeding or tethering. Mixed farming changes mode from diversified into integrated. And 
other ways of range improvement such as hedging, fencing, bush and indigenous tree 
management and scratch plowing become attractive because they need labor but almost no 
cash (based on Slingerland, 2000 and Tiffen et al., 1993 and1994). 
 
Land reform for sustainability, non linearities at regional scale in China 
A typical mode change in mixed farming on district level in China is that economic reforms 
of the past decades exacerbated problems of over-grazing and desertification in the pastoral 
areas. To deal with rangeland degradation the government resorted to nationalization and 
semi-privatization. It operated by thinking in terms of ‘parts’ and ‘control’. It overlooks the 



interrelations due to the mixed nature of the situation as for example elaborated for sub-
Saharan conditions by Marcussen (1999). Rangeland policy, based on notions of central 
control proved difficult and experiments with alternative rangeland tenure systems were 
started. Ningxia in northwest China, attempted to establish communal range management 
systems with the village as the basic unit of use and control. The reason was that some 
management regimes are under severe stress, due to large-scale digging for medicinal herbs in 
the grazing lands, a farfetched but real case of mixed systems at regional level. This digging 
resulted in conflicts between Han and Hui Muslim Chinese, during which several farmers 
were killed. Major drivers for degradation of grassland resources come therefore from within 
and from outside. The exploitation of liquorice root by farmers from outside the township 
helps to cause large-scale desertification, which makes matters worse. Poverty literally 
‘drives’ farmers with such mindsets to look for extra sources of revenue: digging of liquorice 
root can provide most farmers with an illegal, and thus non-taxed, extra income. The case 
illustrates collapse of existing common property arrangements. The quality of rangeland in 
Ningxia continues to deteriorate due to a combination of failing village-based management 
with different valuation of the natural resource by other users. Degradation of rangeland will 
continue if the diggers of liquorice root continue to defy any law or other arrangements in 
their search for short-term gains, and as long as authorities continue to put all their hopes on 
control while ignoring the complex adaptive nature of the situation (Ho, 2000). 
 
Landcare and rural development in Australia. 
The Australian countryside of the past decades had slowly shifted into a mode where over-
grazing, deforestation and increased scale of farming led to severe problems, like in the 
previous case of China, the case of Machakos and the dustbowl. Effects of inappropriate 
European farming practices in the context of Australian soils combined with severe drought in 
the 1980s raised public awareness on pending problems. These problems led many rural 
communities to get together and to analyze intricacies of their “livelihoods”, from 
biophysical, economic and socio-cultural angles. Thus the choice for the triple bottom line as 
a management principle for regional development reflects - in a fractal fashion - the  
management principles needed for a mixed farm. Parts need to be seen in their larger whole, 
at regional level typically an issue to be addressed by soft system methodologies (Jim 
Woodhill, pers. comm. 2004). Based on individual action and supported by government 
funding this led a countrywide program LANDCARE that took a triple-bottom line approach 
to farming, society and sometimes industrial activity. Awareness about the complex adaptive 
nature and of the drivers behind these processes is raised through community meetings. It 
addressed issues of rural health and eco-literacy into school curricula, as well as issues of 
empowerment. As such it is, perhaps, one of the biggest experiments in applying the theory of 
SSM to the practice of rural development (Campbell, 1996; Roberts & Coutts, 1997). The 
main message is that efficient and modern farming methods can lead to disaster if not 
adjusted to local conditions. Initial –linear- successful ways of farming show non-linear 
behavior, they collapse in a non-linear way after some time of too much emphasis on too few 
technical parameters. It is a typical case of mode changes like in Machakos, and the dustbowl, 
with lessons for modern thinking about modern management and policy setting, based on 
understanding how systems are interrelated, rather than using a focus on parts. 

 

6.7  HSM, SSM and CSM, an afterthought 
At first sight the HSM and SSM may have appeared to contradict each other. However, that 
was not the point of these notes. We just like to stress that the distinction helps to understand 



differences in approach. The most important issue to keep in mind when comparing HSM and 
SSM is that SSM can profitably use HSM approaches such as linear programming, resource 
flow analyses etc. Also, HSM needs SSM approaches to better define the HSM problems at 
stake. In other words, our interpretation of reality gets richer when we find a proper mix 
between HSM and SSM as complementing rather than as competing approaches. The use of 
CSM can further enrich the combination of HSM and SSM. Just like SSM can be said to 
encompass HSM, one can also say that CSM encompasses SSM and by implication also 
HSM.  
 
Complexity stresses the difficulty to exactly know what happens, and at the same time it 
provides a theoretical basis to explain that emergence of certain patterns is likely. A series of 
methods to cope with complexity is becoming available. The most relevant is perhaps that 
many coping strategies are likely for a system in “crisis” (at the edge of chaos). This is a 
departure from mechanic "one solution" thinking that tends to be emphasized in much formal 
training.  
 
 
Answers to exercises 

Exercise 1.1. mention 5 kinds of behaviour of livestock systems that have not yet been 
mentioned above, divided over at least three system levels (specify the levels). 

(system levels not separated in this answer) Polluting; profitable; cripple; (re)productive; be sick with 
BSE; be young/old; make noise; nursing behaviour; caring / dusting / polishing; competing, stereotypical 
behaviour; damaging behaviour; cooperative behaviour; getting fat; getting wrong shape in legs or other 
bodycharacteristics; attention for nature; being in heat; contribute to GNP; patient behaviour with 
animals; jonge afkalfleeftijd; stijgend koopgedrag; conventional and eco;         
A specially well worked out case was  
-chicken level: scharrelen; gakelen; dustbathing 
-flocklevel: eat together; sleep together 
-production level of the average flock  

Exercise 1.2 give examples of at least 3 forms of system behaviour that people on your 
group would not have thought of before “learning” to look at the behaviour. 

(small facts): The fact that people can be slow; that a village can be “happy”; distant from the main road; 
fertile, full of (bio-)diversity; lots of good quality water; nice tax-“climate”; care for nature; being 
religious; landscape installation; contribution to GNP; expansion;a system can be nice, liberal, beautiful,     
(processes): first think (individually) before going to the obvious answer; discuss as a group; not only 
reductionist thinking; stamping out (ruimen);  
(system behaviour): lock-in; lock-out; emergent patterns; use of system characteristics that are the same 
over different levels; lock-out where birds of prey start to use another prey when local mice supply runs 
out 
(special); first we saw the chicken as an individual system but we had troubles to see the flock as a system; 
that is now a new learning point 

Exercise 1.3. give an example of how livestock production systems change over space; you 
can take a dairy system on any space scale, e.g., from Breda via Woerden, Loosdrecht and 
Biddinghuizen to Giethoorn, Dwingeloo, Westerkwartier and Bedum. Use at least five 
characteristics to describe the behaviour of that system. 

2.1. (many groups failed to see patterns / differences between dutch farmers so they started to 
compare countries, for example within Europe, or between tropics and temperate areas). 
The following behaviours were noted (some are disputable in the sense that for example 
soil type is a behaviour of the soil in geological terms but not so much of the farming 
system).   Soil type; social structure; climate; flora; fauna; history; scale, specialised, 
extensive, low/high input; subsistence; commercialised; religion; legislation; population 
density; tradition; different types of production (NL:milk and meat; Swiss meat; Austria 



Milka; India draught; Africa social security); number of cows; degree of fertilizer use; 
scale; degree and form of mixing; open/closed production systems  

Exercise 1.4 what could be an analogy of fever in a pig at the level of a herd, a farm, a 
village and a region / nation. 

2.2. Many people had a problem here, many thought that the question referred to the effcet of 
fever at farm level as it shows on another level. The most valid interpretation is 
probably that fever is a temprary increase of local metabolism to get rid of a 
disturbance; e.g. by bringing in defences and/or by removing nasty parts or byproducts 
of the disturbance. After some time the fever should disappear and the organism should 
“rest” to recover the extra reserves that it lost during the hieghtened activity. A typical 
case of fever at her level occurs when the animals crowd together to chase away an 
intruder; and at community level one can see a joint action to chase out nasty elements 
as a from of fever.  

Exercise 2.1 give two examples of how narrowly defined Darwinian evolution can control 
the evolution of a farming system, one at herd and one at farm level. 

At animal level the genes (co-)determine9 the output and shape of the animal; 
at herd level it is the type of animal that (co-)determines the behaviour of the herd or the shape of the 
farm; large animals have competitive advantage; stronger farms survive  

Exercise 2.2 give one example of Lamarckian evolution each at animal, farm, and regional 
level 
Basically the lamarckian idea uses “learning”. It can be seenfor example at animal level in 
an animal that passes the antibodies as acquired characteristic to its offspring so as to give 
them an edge in sruvival. At herd level it is present in certain behavioral characteristics, 
e.g., animals that only very reluctantly enter a new grazing area that the have never seen 
before; and at farm or society level it would be a “farmer/researcher/policy maker” that 
very reluctantly gets into a new habit. Farmers (and students) may learn from their 
neighbours, predecessors etc. IKB  ; een dier kan leren te leven in een bepaald stalklimaat 
waardoor het een genotype(?) milieu interactie laat zien als het naareen andere stal gaat; 
milking machine and teat placing;   

Exercise 2.3 give an example of co-evolution at chicken, farm and consumer level (you 

may add an example from other animal species, but I like the chicken for a change). 

The intensive breeding for chickens that specialize into layers and broilers has co-evolved 
with an industry that sexes chickens, that removes and killes “useless” males, that has 
developed chickens without mothering capabilities, i.e. that need external energy in 
machines, people and airplanes to do what chickens used to do themselves. It also occurs 
where consumers get used to cheap food … The lock in that goes associated with this co-
evolution is that modern eco-farmers find it hard to obtain chickens well suited to pasturing 
conditions, even though the learning can help a lot (management factors that “teach” the 
young chicks from early on that they can go out in the pasture … ) Another perhaps more 
benign example of co-evolution are the rumen bugs and the rumenant, the peer-review 
system, the education system that is part ánd source of a particular production system. 

                                                 
9 the term (co-)determination reflects the difficulty that JBS has with the narrow concept of the Darwinian 
evolution / development and in strict reasoning one can only say that according to narrow Darwinian thought it is 
the genes which determine the output and shape of the (animal)-organism. Please note that the theories about 
animal breeding specifically recognise the broader interpretation by stressing the effect of genotype and 
phenotype. 



Further examples: consumers getting used to a particular consumption behaviour, e.g., 
seasonal products cheaply available throughout the year. Negative (?) there is no way back 
in farming (what do you think of eco .. is that a way back?); groundwaterlevel and type of 
farm; alleen oog voor “productieve”koeien geeft genetische vervlakking; higher yields give 
lower prices and that leads to larger farms etc. etc.    

Exercise 2.4 give an example of how Darwinian and Lamarckian arguments affect thinking 
about the risks of biotechnology, or about the risk of for example Foot and Mouth Disease 

……… 
Exercise 2.5 give one example each of emergence at plot, at farm and regional level with 
accompanying policy conditions.  

At plot level: the emergence of clover (sown by farmers or residual from other times); different grass-
cutting regimes because of more attention to birds; the formation of a plant or animal due to the internal 
and external factors 
At farm level the emergence of part-time farmers when product prices go down; HEIA farmers due to 
policies, from extensive to intensive and back top extensive;  mixed farms when pollution or resource 
scarcity occurs; milk-robot leads to different grazing schedules and farm layout;  
At community level the “complot theories” in time of disaster; at country level the emergence of new 
subsidies or tax measures in response to new developments; introduction of nature roads leads to other 
farm-types. Pigs in Brabant and dairy in the Northern part of the country with associated sociological 
values. Pesticide restriction in watersource areas. 
The answer that more factors get involved when the level in the hierarchy gets highre is only very partly 
true, if at all; each level dampens out the individual variations .. JBS likes to discuss that further. 
Another answer recognises Lamarckian mechanisms with for example the whistle-tune of a bird .. JBS 
likes that but since it will not be taken up automatically by the offspring so it might be better to call it 
emergence 
The most challenging answer to JBS is the mention of humour; or a mistake. For example, a farm 
happens to buy a wrong feed; but it turns out to be a good thing to continue doing that! Many such things 
happen, the memo pad, the corn flake, etc.etc   

 

Exercise 2.6a. give 3 examples of system development and deterioration; each at a 
different level of system hierarchy.  

At cell level: differentiation; degeneration;  
At animal level the development from egg cell to foetus etc, as well as the death of an animal that used to 
be quite productive; a healthy herd that grows due to good prices and that gets fatally affected by disease 
At farm level, a part of the farm that is started and eventually left alone; animal disease affects the 
decline of an entire region; breeding for higher production and less bio-diversity; exhaustion of soil gives 
first a good farm but a decline later on 
At regional level: development of farming, decline of farming in favour of urban development; decline of 
urban development because a local industry loses its competitive edge 

Exercise 2.6b: Explain what this means for the concept of sustainability. 

Many if not all farms / systems have a time of growth; stabilisation and decline .. a system 
is can only be sustainable if its environment allows and if it consists of subsystems that 
renew themselves (one group actually mentioned that farms and animals etc. can adjust to 
conditions in order to be “sustainable”  

 
 

Exercise 4.1 How would a HEIA system (a conventional farming system) cope with the 
feed mixing problem and how would a more eco-oriented system cope with it. Give two 
strategies for the HEIA farmer and two for the eco farmer10. 

HEIA farmer buys feed from outside; tries to find other feed company 
                                                 
10 This distinction is a bit artificial here but maintained deliberately to illustrate the kind of differences  



ECO farmer adjusts priorities; goes for other breeds or form of production     
Exercise 4.2 Given the fact that a well managed farm has to conform to even stricter 
nutrient emissions, how would you suggest three coping strategies (one at farm level, one 
at community level and one at national level) 

Farm level: other feed; other housing; drying of dung; do away with the animals; reduce livestock density; 
other way to apply dung;   
Community level: consumer has to change “consumption paradigm”; organise nutrient export (alone or 
with the region); tax/subsidy measures; mix between farms;   
National level: subsidies or tax cuts for farmers that are ready to be innovative; try to influence politics;  

Exercise 4.3 Give two more examples of “impossibilities” in daily life of policy setting and 
livestock production, each with four ways to cope (divided over at least two levels of the 
system hierarchy) 

The best answers concerned the (apparent) contradictions between: 
-welfare and environment (there is more to say about this); 
-export and animal welfare 
-everybody eco in the netherlands (conflicts with what?) 
-the demand for eco-products without the willingness to pay for them,  
-help everyone and not exhaust the resources  
-between hierarchical levels (see communal ideotype); for example, an individual farmer has to get his 
animals killed because of national interests  
-nature and cropping11; … …  
others tensions were mentioned, more or less specifically.  
Farm level  
no use of antibiotics requires better hygiene at farm level and breeding for “resistance”; at animal level 
use of homeopathic medicine and local medicine like “acid” water; no fertilizer require at farm level; 
forget about the rules (regels aan de laars lappen);  more clover; different feed; other crop-rotations /  
farmdesign; sell dung to neighbour; dump in ditch; give up farming; group-housing; better methods to 
monitor the losses / excesses; shift to organic farming; marry a rich woman; buy quotum; start side-
activities; emigration;      
Country level 
Less fertiliser and higher production could require a different pricing system, and different extension 
messages; send dung to other countries; use as energy resource (NUON); centralize farmers to process 
dung in a cheaper way; develop green label housing; change legislation;   

Exercise 4.4 how would a conventional farmer interpret and react to the occurance of 
weeds and disease on the farm as compared to eco-minded farmer. 

Conventional farmers will tend to first combat / control the symptoms, e.g. with the use of chemicals; again more 
work for me  

ECO-farmers will in the first place take the problem as something that can teach them about problems elsewhere 
in the system in order to work on root causes; use handweeding; use bedding; more hygiene, use of “natural” 
methods12; what have I done wrong?   

 
Extra exercise to be answered groupwise and to be handed to the staff after the plenary 
reporting. Answers like ”I do not understand anything”, or “it is all vague” are not 
acceptable, but specific questions and suggestions are invited 13. 
1. what are the two aspects of system behaviour that were most challenging to your group 
2. what is one aspect of system behaviour that is most incomprehensible to you (specify 

your problem) 
3. what are two topics on (behaviour of) animal production systems that you want to have 

elaborated more in one of the following lectures.  
 
 
 

                                                 
11 many eco-farmers will see such tensions as challenges rather than as problems 
12 the concept of natural methods is disputable 
13 results of that exercise were handed out on a separate sheet 



7. METHODS AND TECHNIQUES 
A first step in any system analysis is to “deconstruct” the issue at hand in some major sub – 
issues. In a process of discussions with several patterns one tries to distinguish major patterns 
regarding stakeholder groups and their perception. The problem is expressed. The point is not 
to get agreement but to identify tensions and problems. 

 

7.1 Stakeholders, resource mapping, and analysis of issues 
During initial briefings one tries to distinguish "patterns" (=groups) of stakeholders. This can 
also be called resource mapping or wealth ranking, as well as identification of (farming) 
styles. Together with this process one can do mind maps on interests and major issues as 
faced by the different stakeholders. A mind map clusters associations with the main theme 
central (e.g. a village, the greenhouses, a hospital). It can be both opportunities and threats; 
strengths and weaknesses. An example of pattern distinction is the identification of issues as 
elaborated during the class, using a mind map on "expectations" of students regarding the 
lectures. Caution, one should avoid excessive aggregation and "averaging" of information, i.e. 
by asking a large group about an average opinion. Most information is likely to be gained if 
different groups of stakeholders are asked to each make their own diagrams, tensions and 
disagreements together with common concerns and rankings. Possible differences need to be 
sorted out later in group sessions / negotiations.  
 

 
 

Figure 7.1 Mindmap of Anatoli village 

 
Time transects can shed light on the historical developments in a case study. The following 
axes can be used: 

o X-axis: Time, e.g.: 1960, 1970, 1980, 1990, 2006, 2020 
o Y-axis: Hard characteristics: e.g.: Production, prices, diseases, weeds, etc 



o Y-axis: Soft soft characteristics: e.g.: Intentions, community, services, etc 
The same applies to space transects, in which (soft and hard) activities are outlined per 
geomorphological area (see fig. 7.2). 
 

 
 
Figure 7.2 Space transect of Anatoli village 
 

7.2 Rich pictures 
One way in coming to grips (i.e. to analyze) complex problems and/or systems is to let 
different stakeholders make a model of the “problem”. A typical example of the use of models 
in SSM is the so-called rich picture (fig 7.3). Very typically, it shows that farms have more 
things on their minds than nitrogen flows. Note that the more holistic approach of SSM gains 
insight on the whole but it loses information on detail by not precisely defining whether its 
model refers to flows of nitrogen, emotions or solar energy. In contrast, HSM loses oversight 
by not being able to work on all possible and ill defined relations in the system as seen by the 
fishnet of the group of stakeholders. Generality goes at the expense of precision.  
 
Rich pictures can also be drawn as maps by different participants, they can be modified when 
other people join in or when the actors come to understand their own situation better or at 
least from another angle. Quite generally, the real use of rich pictures is that the stakeholders 
learn to understand their own system better by drawing the rich picture or any other model. A 
change of problem definition during these exercises is rule rather that exception. Rich pictures 
can also be drawn by researchers to better understand their research question, by industrialists 
to understand / explain their companies, by farmers to understand their farm and the 
surroundings, and by families or groups of people to understand their group dynamics. 
 



  
 
Figure 7.3 Rich picture of the village Anatoli, Crete 
 

7.3 VENN-diagrams 
The VENN diagram (named after the person who introduced them) is a more formalized way 
of expressing the relation between the farm or the system under study and the surroundings. 
The VENN diagram in fig 7.4 illustrates how a group has drawn several concentric circles on 
which the importance of surrounding system elements are plotted. The surrounding elements 
can refer to institutional ones such as the ministry, the bank, the business man, the school, the 
university or the farmers journal. They can, however, also refer to production factors and 
resources such as rain, irrigation canals, the sun, the neighbours tractor etc., the local liquor 
shop. A further refinement can be that negatively perceived factors can be placed on the left 
side of the diagram and positive factors on the right side (or vice versa). Methods to 
determine the place on the circle number are basically employed under ranking.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.4 A VENN diagram made during a PRA in Zaka / Zimbabwe (Agritex, 1998)  
 

7.4 SWOT-analysis 
When the group (process) can use verbal methods to express their multiple goals and 
perceptions about the issues at hand it is common to revert an analysis of Strengths, 
Weaknesses, Opportunities and Threats of (SWOT). In very simple terms these boil down to 
the listing of good and bad points according to the multiple realities / perceptions of 
stakeholders. The important point of a normal SWOT is that it distinguishes between good 
and bad according to inside (strength and weaknesses) and outside the system (threats and 
opportunities). Generally, but not necessarily, the strengths and weaknesses are established at 
the level of the observer and the opportunities and threats operate outside at a level higher in 
the system hierarchy.  
 
These notes often use what we call modified SWOTs. One such modification is to use if the 
different rows explicitly represent stakeholders within or between different levels of system 
hierarchy. In that case we also tend to revert to the mention of advantages in the left hand 
column and disadvantages in the right hand column. This approach is a significant deviation 
from that in the “normal” SWOT, seen from within vs seen from outside the system. 
 
Another modification to normal SWOT can be the addition of a third column with actions or  
coping strategies.  
 

 



 
 

 
 
Figure 7.5 SWOT+ with hard and soft system distinction for agrotourism in the Anatoli 
village 
 
The overall process of listing advantages and disadvantages is to be done as creatively as 
possible. Preferably with individuals passing their suggestions on separate sheets of paper (or 
an alternative in case of illiteracy). What counts most is the effort of generating information. 
The ordering, refining and priority setting is discussed under ranking. The qualitative 
information thus gained and organized recognizes that different stakeholders have many 
different and changing perceptions of reality.  

 

7.5 Ranking methods 
Even work with qualitative methods requires priority setting, and some form of quantification 
is required to do so if a better description of the root problems in to be achieved. Basically 
this requires use of ranking methods, a tool that exists in many different forms of which the 
most common ones are called "buying", pair wise ranking and matrix ranking.  
 

Buying / scoring 
The simplest method to quantitatively establish the order of importance of a series of issues is 
"buying", also called “scoring”. As shown in table 7.1 one can have a list of issues raised 
from mindmapping exercises, e.g. the negative issues in livestock keeping for regional level. 
Individuals can now attach value to these issues through "buying" e.g., by distributing a given 
number of coins or stickers over the different issues. A person gets for example 10 coins to all 
he can put on the issue of milk-processing, or to be divided, or to divide them by placing 5 on 
milk-processing and 5 on feed supply. Alternatively, it is also possible to place 4 under milk 
processing, 3 under feed supply, 2 under labor for daily milking and 1 under milk. It is 
tempting and sometimes useful in the case of homogenous groups to add all the votes of the 
individuals so as to arrive on ranking as in the last column.  
 



Table 7.1 An example of a  list of on – farm issues in dairy farming and their ranking 
according to different stakeholders, groups and / or individuals (A….E), and their "aggregate" 
opinion in the last column P (Muijlwijk, c.s.). 
 
Issue A B C D E   P 
Labor for daily milking 1 4 1 - -   6 
Need to supply feed - 1 - 4 -   5 
Who will take over the farm  6 - - 2 5   13 
Risk 1 2 - - 1   4 
Problems of milk processing on–farm - - 5 - -   5 
Milk price  2 3 4 4 4   17 
 

Pair wise ranking 
A more interactive and exiting method is pair-wise ranking (table 7.3). The method implies 
that the different issues generated during mindmapping are placed along two axes, one 
horizontal and one vertical. After checking whether the issues to be compared do not overlap 
the group, then compares the options. A group "votes" after restricted period of discussion 
whether issue A or B is more important. In this example, the group decided that veterinary 
medicine (B) is more important than advise on shed building (A), i.e., a B is placed in the 
square where row A crosses column B. Next, the group votes whether pasture production (C) 
is more important than advice on shed building and if pasture production is more important it 
places a C in the respective box. After running through the entire exercise the group counts 
the frequency of the issues as they were chosen (last column) and this helps to decide the 
development priorities or directions for action, whatever is at stake. In the case that two or 
more issues rank the same it is possible to repeat the exercise on those issues but that tends to 
be relevant only with the top few issues. One large advantage of this method is often that it 
helps to get the problems better defined because one has to chose between two options that 
often need to be redefined.  
 
Table 7.2 An example of pairwise ranking on issues in dairy development of Western Kenya 
 
Issue A B C D E F Total vote 
A advise on shed construction X B C D E A 1 
B veterinary medicine - X B B E B 4 
C pasture production - - X D E C 2 
D artificial inseminations - - - X E D 3 
E milk marketing - - - - X E 5 
F advise on call rearing - - - - - X 0 
 

Matrix ranking 
The relative importance of different issues, or the feasibility of different policies / 
technologies can thus be ranked but one should remember that generally each of these issues 
is to be evaluated according to different criteria. The people who "buy" the different issues 
according to the procedure in the previous two paragraphs use different criteria, perhaps 
unknowingly. Disagreement and confusion about priority setting can be solved to a 
considerable extent by distinguishing a few main criteria to which an issue should conform. 
Such an approach can be worked out by providing a list of criteria in the left-hand column, if 
necessary categorized (aggregated) and subdivided through participatory methods, e.g. 
scoring. The (group of) person(s) that has to chose, will then rank the innovations for their 
performance regarding any of the criteria placed in the left hand column. Obviously the list 



can be expanded endlessly and the trick lies in (holistic) simplifications / aggregations rather 
than in (reductionist) specification / detailing. In this sense the number seven is a good 
general maximum, more than seven categories tend to be too many. The table does include a 
bottom row with "average" count. This is a bit against our grain since it "averages", assuming 
that the weight of the different criteria is the same. The final choice for or against a particular 
innovation is to be taken on the basis of individual preference and, in cases of groups, on 
perceptions that are based on relevant groupings of the stakeholders.  
 
Table 7.3A matrix ranking for deciding on the suitability of three planting methods 
 
Criterion innovation I 

e.g. corn cob 
meal 

innovation II 
e.g. complete 
feed 

innovation III 
e.g. reduced 
concentrate levels 

 

Technical 
- Digestibility 
- Protein content 

 
 

   

Economic 
- short term income  
-     long term income 

    

Social 
opinion of colleagues 

    

……     
Total     
 



8. CONCLUDING REMARKS 
 
The need for systems research in general and various forms of FSR in particular arises from a 
general feeling of failure about agricultural development after initially spectacular and 
impressive achievements of disciplinary and reductionist research. And in spite of criticism 
that can be levelled against the technological results of developments such as the green 
revolution it must be remembered that remarkable things were achieved indeed. However, one 
major concern at the time when FSR was starting to become formalized was the fact that 
technologies were not taken up as rapidly as they used to be in the glory days of the green 
revolution. In other words, farmers were not as happy with the technology as what the 
researchers would think, a phenomenon that we have called the principle of “the beauty is in 
the eye of the beholder”. Another major concern was that the proposed technologies had 
unexpected and/or unwanted side-effects. These problems seem to have no simple answer and 
an intervention in one place has an effect in the system at another place in time and space. 
This phenomenon was captured in these notes under the term “ceteris imparibus”.  
 
Researchers and policy makers had now come to face the reality of complex systems where 
things are rather unpredictable and where they can be interpreted in several ways. 
Unfortunately, however, they (we) tend to be trained in the science of simple systems where 
unpredictable effects are locked out as error in controlled conditions. The adoption of FSR 
approaches implies, therefore, a change of thinking as well a change in methods. It requires a 
change in administration and control mechanisms as well as a change in training and priority 
setting in policy. Many workshops were held and training manuals were produced on issues 
of FSR, all over the world. That permits these notes to avoid details on many of the 
methodologies, and to refer to work done and procedures developed elsewhere. It gives room 
to spend more time on issues of paradigm change, and to introduce principle of complex-
system theory from international literature. Actual cases / examples of work in many 
countries are included, and much more can be added from here on. The change in thinking 
that I have seen over at least two decades gives reason to be optimistic since the majority of 
the agricultural development staff seems to sooner or later come to grips with the new 
approaches. One challenge lies with them, another challenge lies with education, 
administrators and policymakers to facilitate this change. 



ANNEX 1: GLOSSARY14 
 

“if I use a word it means exactly what it is supposed to mean” .. Alice in Wonderland” 
 

Action research (2): Action research is concerned with formulating and solving problems through a 
series of 'cycles' of plan, act, observe, and reflect. The aims are for individuals to learn by doing, 
and through experience, gain insight and understanding. This may lead to improvement in practice 
and alter existing situations and constraints. The espoused role of the researcher is that of 
participant-observer. In practice, however, the researcher often remains 'outside' the system being 
studied. 

Addiction (1): The reliance on a short-term solution that causes a worse problem than the one it is 
meant to solve. This short-term solution then becomes necessary, and fundamentally weakens the 
system at the same time. 

Agricultural extension (2): The term 'extension' derives from the North American land grant 
university model where the goal was to extend knowledge from a center of learning to those in 
need of this knowledge. 

Analogy: a phenomenon in system behavior where similarity occurs between at first sight different 
kind of systems. In essence a model in the form of a mathematical expression, a map or statue or 
painting is also and “analogy”, and so are metaphors that tend to be “word”- or “thought” models. 
The system word often used for these phenomena is homomorphism. 

Attractor: a relation between parts of a larger system that exhibits a certain regularity; e.g. a predator 
prey relationship. Normally they are expressed in the form of phase – space diagrams; and they can 
exist in different main forms: point attractors, limit cycles, strange attractors, etc. (Gleick, 1987); 
And Attractors(1): Stable states where the system will settle. 

Autopoiesis: see also self-organisation: the self-producing property of living organisms,  which is, 
itself, based on the self-referring process of cognition whereby the organism maintains itself in the 
world. And Autopoiesis (2): This is the self-producing property of living organisms which is, itself, 
based on the self-referring process of cognition whereby the organism maintains itself in the world. 

Black box (2): A term arising from first-order cybernetics in which a system is conceptualized into 
which inputs are observed to lead, and outputs are observed to emerge, but in which the internal 
transformations are either not considered or not known. 

Boundaries: the separation between two systems, for example skin, fences, walls, packaging materials, 
physical limits, trade restrictions or health regulations etc. And boundary (1) The edge of a system 
as determined by the observer 

Butterfly effect: extreme dependence on initial conditions 
Carrying Capacity: the number of specific livestock a farm with support without degrading the 

resource base. At a rational level it refers the number of people that can be supported at specified 
standard of living without degrading it’s resource base. 

Causal links (1): The connections between elements in a causal loop. 
additive reinforcing link; A change in one element adds to the next element 
balancing link; The first element has an opposing or balancing influence on the second when an 
increase (decrease) in the first results in the second becoming smaller (larger) than it would have 
been if the first had not changed. 
proportional balancing link: The two elements move in proportion to each other. When one 
decreases the other increases. When one increases the other decreases. 
proportional reinforcing link: The two elements move in proportion to each other. When one 
decreases the other increases. When one increases the other decreases. 
reinforcing link: The first element has a reinforcing influence on the second when an increase 
(decrease) in the first results in the second becoming larger (smaller) than it would have been if the 

                                                 
14 this glossary is explicitly made to characterize and explore the nature of the concepts, rather than to define or 
explain. 



first had not changed. 
subtractive balancing link: a change in one element subtracts from the next element. 

Cause-effect thinking: see self-organisation 
Ceteris (im-)paribus: a traditional assumption in (economic) research is that the intervention which is 

studied does not affect its surroundings (context). This is expressed in the term “ceteris paribus” 
(everything else remaining equal) and it is the basis of the more static approaches. The study of 
complex systems argues that everything affects everything though the degree of the effect may 
differ or even dampen out. Therefore the term ceteris imparibus expresses the basic thinking in 
complex system thinking: the rest does nót remain the same. 

Ceteris paribus: (see ceteris imparibus) 
Chaos theory: also called the theory of complexity or non-linear system theory. One central notion is 

that systems exhibit unexpected behavior (form), that they are unpredictable on the long term, but 
that certain patterns tend to repeat themselves (Prigogine & Stengers, 1984; Gleick, 1987; Cohen & 
Stewart, 1994); also: 

Chaos-theory (1): Dealing with complex systems where a small change in initial conditions may make 
a huge difference to the outcome, thus making it unpredictable. Also how far complex systems can 
be built from repeating a series of simple rules. 

Clockwork universe: a notion from Leibniz, well expressed in the following quote: A sufficiently vast 
and considerable intellect, knowing the complete laws of microscopic physics and the physical 
state of the universe at any moment, could calculate the state of the universe at all subsequent times; 
all prior ones, too, if the laws are reversible. (Laplace, Essai philosophique sur les probabilités, 
1814) 

Closed systems (1): systems, which in theory have no interaction with their environment. In practice, 
all systems are open to some degree. The more closed the system, the more the energy runs down 
within it. (The Law of Entropy). 

Co-evolution: the joint development of different (farming) systems in such a way that they can 
become strongly interdependent (Norgaard, 1992; Gravy train; n..). 

Cognition (2): Refers to the activity of the nervous system. Contrary to the view that the nervous 
system picks up information from the environment and processes it so as to provide a one-to-one 
representation of the outside world in our brain, we see (following Maturana & Varela) that the 
nervous system is closed, without inputs or outputs and that the cognitive operation reflects only its 
own organization. This implies that our interaction can never be instructive, i.e. unambiguous 
external signs. Rather, they consist of non-specific triggers which disturb the system but no not 
determine the nature of the response. Cognition is not an information processing operation, but a 
constitutive mechanism of all living things. 

Cognitive agent: the observer  
Communication (2): In everyday language, 'communication' usually refers to the transfer of 

information as if such a process were indeed possible in anything other than a metaphorical manner. 
Rather than transferring information, we express our own version of reality that we each have 
constructed in the course of our daily living. Human communication needs to adequately account 
for the properties of the observer as well as the observed. It is to the mechanism of engagement that 
we must look to explain the dynamics of change occurring during human communication. The 
effectiveness of our communication will be dependent on the manner of our engagement. 

Complex systems: see complexity 
Complex system methodologies (CSM) are of a recent date but they study in essence what used to be 

called indirect effects, i.e., the long term effects of relations between systems and or their 
components. These methodologies study issues of complexity 

Complexity and complications: two opposing notions. Complexity implies “unknowability”, i.e. the 
existence / emergence of surprise and unexpected behaviour that can not be understood by knowing 
more details about parts and relations. Complication implies a clockwork notion where a system 
can be hard to be understood, but enough data and “knowledge” about the details would make it 
possible to mechanistically know what is happening (Klir, 1994; Gleick; 1987; Cohen & Stewart, 
1994). Also: 

Complexity (1): Having many different, connected parts. 
apparent complexity – Complicated in appearance, but with simple patterns underneath. 



detail complexity – Having a large number of different parts. 
dynamic complexity – Having a great number of possible connections between the parts. 
inherent complexity – Multiple, simultaneous feedback loops, small variations may make a large 
difference. 

Complications: see complexity 
Conservationism: approaches where one aims at keeping or even restoring what is available, without 

necessarily becoming conservative.  
Constructivism, also: constructivist approach  
Constructivist thinking: the notion that it is impossible to agree on all viewpoints, but that reality is a 

construct of different opinions / choices. Constructivist thinking in that sense is distant for the 
notion in objectivist and positivist thinking that after sufficient definition and/or study one can 
eventually agree on one objective truth (like the “idea” of Plato!). See social constructionism). 

Context: also environment or condition. The surrounding / environment that influences the system by 
providing inputs and by absorbing outputs. HSM tends to focus on short term effects and physical 
issues (feed calendars, erosion, disease, soil nutrient balance), SSM includes social effects and 
aspects of perception. In a way the observer is context of the observed, just like the observed is 
context of the observer. After some thinking one will start to realise that the sequence context or 
system can also be reversed, albeit in some conditions more easily than in others. 

Control: the notion that we control nature and the phenomena around us. Some degree of control takes 
place, for example in dictatorial states or in experimental research where conditions are fixed. 
Control, however, always costs effort so eventually it will tend to show its expense bill at some 
unexpected place and time. JBS took the notion control or participation from Brian Goodwin (pers. 
comm.). 

Coping strategies: methods to cope with stress / perturbations, in such a way that one does not meet 
all requirements …. (as opposed in solutions)  

Cornucopian approaches: an approach that assumes unlimited availability of resources, and/or the 
capacity of technology to solve constraints (see conservationist approaches) 

Critical system thinking: …. (see  Midgley, 2002 and Jackson 1999) 
Cybernetics (1): The science of communications and control in animal and machine' (Norbert Wiener). 

It focuses on how a system functions regardless of what the system is – biological, social or 
mechanical. 

Cybernetics (2): Cybernetics, although often applied to the control of machines, has long been one of 
the foundations of thought about human communication, its central notion being circularity. 
Cybernetics 'arises when effectors, say a motor, an engine, our muscles, etc., are connected to a 
sensory organ which, in turn, acts with its signals upon the effector. It is this circular organisation 
which sets cybernetic systems apart from others that are not so organised' (von Foerster, 1992). In 
first-order cybernetics it was the idea of feedback control which mainly occupied the practitioners 
(the term was coined by Norbert Weiner in 1948 but originally used by Plato in its Greek meaning 
of helmsman, or to pilot a craft or 'the art of leading men' (Francois, 1997). In time the question 
"what controls the controller' returned to view (Glanculle, 1995a,b) giving rise to second-order 
cybernetics in which the property of circularity became the focus of attention once again. 

Deduction and deductive approach: .. 
Development: change of systems, not necessarily positive nor negative (see also system behaviour) 
Dialectical relationship (2): As used in second-order epistemology, this relationship continuously 

exposes and holds together both sides of any distinction and keeps them connected in a recursive 
way, e.g. the rangelands creating the pastoralists and the pastoralists creating the rangeland. The 
pastoralist and the rangelands are now seen as a complementary pair: they are distinct but related. 
The dialectical and recursive process allows us to look at the quality of the relationship as a 
variable in research. 

Dynamics and variation: 
Dynamic equilibrium (1): Continually changing in order to stay balanced, like a tightrope walker who 

must move and sway to stay upright.  
Ecosystem services: common good outputs from a natural ecosystem or farming system such as water 

and biodiversity 
Ecosystem condition: refers to the health or vigor of the process in a ecosystem 



Emergent patterns /systems / properties: the way a system unfolds itself as a result of interaction 
between / within itself and with the surrounding context. Essentially the emergent patterns cannot 
(yet) be predicted by knowing the constituent parts. in this respect one might wonder whether we 
here have to do with a legacy of our reductionist tradition. Goodwin says that Newton tried to 
separate light whereas Goethe worked on the non-reductionist understanding of what happened 
when different colors were combined. See also the notions on quantities and qualities. Also: 

Emergent property (1):A property that only arises when the system is working, above and beyond the 
parts that comprise it. 

Energy: the capacity to do work 

Entropy: a term from Thermo-dynamic theory that refers to the disorder of a system. A highly ordered 
component has low entropy, a disordered component has high entropy. The concept can be applied 
to processes of the mind as well as of the matter (as if they would be clearly distinct)  

Environment: also context and surrounding,  
Equilibrium thinking:  the notion inherent in positivist / mechanistic / reductionist and objectivist 

thinking that all things will balance out. For example, that if we work hard enough one can avoid 
famines, wars, poverty etc. Non-linear thinking takes irregularities as a fact of life, , but that does 
not exclude the notion that one can make choices regarding the direction and distribution of the 
irregularities!! The emphasis on standards and controls is likely to avoid irregularities with such 
great effort that it will eventually backfire, e.g. by high costs for regulation and by high quantities 
of reject / recall cargoes (see Parker & Stacey, …; Hodgson, …; Behnke et al., …). 

Equitability: an expression of how evenly the benefits of a system are distributed across stakeholders 
at the farm, community, regional or material levels e.g. how  

Evolution (see system behaviour and co-evolution): the rather gradual adaptation of a system to its 
context. Evolution of a system is basically a reductionist concept in which the system adjusts to its 
context; whereas the concept of co-evolution allows the system and the context to gradually adjust 
to each other. 

Ex-ante and ex-post: 
Extension (2): Agricultural extension was started in the late 19th century in most industrial countries. 

Over this period it has typically been expressed as a linear process beginning with 'research' and 
finishing with 'diffusion'. The knowledge is initially generated through research and is then 
transferred, via extension personnel, to the rural producers. This proposed process has been greatly 
criticized in recent times but is still the dominant model-in-use. 

Feedback: the response that a system gets from its context. A feedback can be positive when the 
environment encourages the behaviour of the system (eventually leading to catastrophe and/or 
lock-in); or negative when the context tell the system to dampen or reduce its behaviour. Also: 

Feedback (1): The output of a system re-entering as the input, or the return of information to influence 
the next step. 
balancing feedback: Changes in the system feed back in such a way as to oppose the original 
change and so dampen the effect. Balancing feedback acts to reduce the difference between where 
a system is currently, and its goal. Balancing feedback limits growth. Sometimes called negative 
feedback. 
reinforcing feedback. – Changes in the systems come back in such a way as to amplify the change, 
leading to more change in the same direction. Reinforcing feedback amplifies growth. Sometimes 
called positive feedback. 

Feed forward (1): When the anticipated effect in the future, that has not yet happened, triggers its own 
cause. 
balancing feedforward – Where the very prediction or anticipation of a change drives the system 
towards its predicted state – a self-fulfilling prophecy. 
reinforcing feedforward – Where the very prediction or anticipation of a change drives the system 
away from its predicted state – a self-defeating prophecy. 

First order change (2): Understands change as taking place in terms of identifiable objects with well-
defined properties. The understanding is gained by accepting that there are general rules that apply 
to situations in terms of those objects and properties. By applying the rules logically to the situation 



of concern one can draw conclusions about how something has come about and/or what should be 
done. 

First order data (2): Such data describes a system as if it was an objective set of operations 
functioning independently of its historical and social creation. 

First order R&D (2): Here learning and action are based on the belief of a single reality – a 'real 
world' – which can be approached a known objectively. It has been characterized by a reliance on a 
high level of disciplinary knowledge (more recently, multidisciplinary knowledge) and a 'fix' 
mentality – expose the breakdown and attempt to fix it. In first-order R&D, the problem is clearly 
defined, the solution is a technological one, and the barriers to adopting the solution are placed 
fairly and squarely with the end-user community. 

First-order tradition (2): characterized by minimal awareness of how the context actively shapes any 
experience and especially how the act of observation and participation determines the actual 
experience. The attitude to knowledge is predominately one of believing in the possibility of an 
'objective' knowing of the world. In the rural context, this tradition is characterised by concerned 
intervention, the definition of clear goal, the naming of the problem, and the proposal of a rational 
solution. 

Fishnet (the metaphor of): 
Food security: usually a national consideration of supply of food in relation to demand for food. 
Fractal (1): A pattern that is made up of itself – an iterated pattern. 
Fractal behaviour: the repetition of form at various levels in time and space, i.e., the occurrence of 

(mixed) systems at plot level, at farm level, at village level etc. Another example is the whirl / 
vortex from cigarette smoke which basically behaves similar as a wind whirl or a tornado (though 
obviously at another scale) (see Mandelbrot, 2001) 

General system theory: a theory that attempts to understand the behaviour of all systems in one 
general set of laws and one general frame of terminologies (see Bertalanffy, 1967, and Klir, 1994). 
Also: 

General systems theory (1): Group of ideas and practices built on the principle that complex systems 
share certain organizing principles regardless of the content, and these can be uncovered and 
modeled mathematically. 

Goal (1): A desired state, where the system is at rest or balanced. 
Hard system methodologies (HSM): a system methodology that tends to focus on the study of rather 

static (farming) systems, that do not change in time nor in the perception of the farmers, and that 
can be explained by using “hard” data to quantify money flows, nutrient flows, labour calendars, 
crop- or animal yields etc. 

Hard Systems: these do not exist, but one can think in terms of soft- or hard systems. 
HEIA : High External Input Agriculture 
Hierarchy: the way smaller systems are organized into larger ones. For example, atoms are part of 

molecules, molecules are part of larger molecules and cells, cells are part of organs, organs are part 
of animals or plants which are parts of herds and plots, which are part of farms, which are part of 
communities, villages, provinces etc. 

Holarchy: basically the same as a hierarchy but considering a part (sub-system) as an holon; i.e. 
reflecting a somewhat more holistic approach to reality. 

Holism: described by some writers as the attempt – on the part of an individual – to understand as 
much of the “whole system” as he can. This is a case of the individual ego striving to enlarge its 
consciousness. But the original meaning of holism was that there is a sense in which the properties 
of the whole cannot be inferred from the properties of the parts. As applied to the plural ego, this 
means that the collective consciousness of the “we” has a grasp of reality which is greater than the 
“sum” of the “grasps” of the individual egos. “We” are not just a collection of individuals but are in 
fact an ego itself that is “more” than the contribution of each individual’s consciousness 
(Churchman, 1967?; p 104). 

Holistic approaches 
Holon: the concept developed by Koestler (1967) that a system is both part of a larger context, as well 

as being a context for its own sub-systems. 
Homeostasis (1): Dynamic self-regulation. The condition of a system when it can maintain itself 

within acceptable limits in the face of unexpected disturbances. 



Homomorphism: see analogy 
Induction (and inductive approaches) 
Information (2): In a technological environment, information is objective, independent of the human 

mind and can be transmitted without ambiguity. In the world of the observer, 'everything said is 
said by somebody' (Maturana, 1993) o or second-order cybernetics – information becomes a 
slippery concept and no effects of communication can be controlled. Information in this view of the 
world cannot longer be said to enter us, it is constituted by us. 

Information and signals 
Inputs: Biophysical, economic, cultural values, emotional or social factors that continue to shape a 

farming system 
Inter-subjectivity  
Knowledge (2): In the view of the authors, knowledge does not reflect an objective reality but only an 

ordering and organization of the perceptions of the world constituted by our experience. From this 
perspective knowledge arises in our relationships with 'our' world and is granted by another even if 
the other is oneself. 

Lag time: the delay between the event and the “next” event that was caused by the first (assuming 
strict cause-effect  relations). 

Learning system 
LEIA: low external input agriculture) 
Limit cycle: see attractor  
Linear (and non-linear) thinking: 
Lock in: (see also system behaviour) lock-in / lock-out / path dependency: the development of 

systems / thought patterns in such a way that it becomes difficult to change course. An example of 
lock-in is a society that has put all its resource in one kind of development, and that finds it difficult 
after some time to either return to previous ways and values, or even to move into other forms of 
development (see Arthur, 1990). 

Market: means of disposing from products for a price. It is part of the “food chain” and a link 
between forms and consumers.  

Matter (see mind): refers mainly to biophysical aspects, and to the issues studied in HSM; e.g. a kilo 
of grain and 2 ppm of a mineral can be measured. Sentiments and qualitative statements about likes 
and dislikes, social networks and power-relations can not well be measured with approaches 
originally developed to measure “matter”. But strange enough, most economists will “measure” 
economic aspects of life as if they were matter. And do not ask a physicist what matter really is. A 
stone and a grain is only hard at our human level of observation, at level of molecules the stone is a 
large void … (so to speak). The main point is that the exact line between matter and mind is hard to 
draw, but because of their distinctive characteristics they have been separated as well as joined in 
the history of system thinking. 

Mechanistic thinking: the notion that systems behave like clockworks, predictably and without 
surprise. In that case they can even run backward (if one would have enough information to get 
that process started), and this notion squares well with the ideas of Descartes (who was escaping 
from an excess of mysticism and dogma). He figured that if we would know the smallest parts we 
would understand the whole, thereby overlooking “emergent” behavior. 

Mental models (1): The ideas and beliefs we use to guide our actions. We use them to explain cause 
and effect as we see them, and to give meaning to our experience. 

Meta-position / Meta-thinking (1): Taking a view outside the system you are in, so being part of a 
wider system. 

Mind – matter (the distinction between): 
Metaphors: see analogy 



Mind:  includes mainly socio-economic aspects, aspects of soul, spirit, feelings, notions, emotions etc. 
(see also matter) 

Mode: combination of form and processes, i.e. the way a system behaves in space and time. 
model: see analogy and Model (1): a simplified but practical description of how something works 

Multiple realities: the notion that different people observe different parts of reality, i.e., each person 
(being) carries with him/her another part of the multiple realities  

Morphogenesis and Morphology:  
Multiple realities  
Non-equilibrium thinking: (see equilibrium thinking):   
Non-linear system dynamics:  
Non-linear thinking (see linear thinking): 
Objectivism (and objectivist approach) 

Objectivist traditions: the notion that the observer (subject) can distance him/her self so far from the 
observed (the object), that his effect on the observation becomes negligible, i.e. he can observe an 
objective reality. This was the notion that ruled in the Vienna circle, where it was hoped that with a 
combination of objective observation and (reason??) one could make positive statements about a 
single, objective “reality”.  

Observer (2): In cognitive science the observer is a term which emphasizes that we all become 
observers when we are aware that we exist in a semantic domain created by our operating in 
language and in the domain of descriptions. By making linguistic distinctions, the observer makes 
meaning of experience. As observers, we focus on phenomena to be explained. 

Outputs: biophysical, economic and social outcomes from a forming system. 
Organization (2): The organization of a system is defined as a particular set of relationships, whether 

static or dynamic, between components which constitute a recognizable whole – a recognizable 
unity as distinguished by an observer. Organizational relationships have to be maintained to 
maintain the system – if these change the system either 'dies' or it becomes something else. This is 
not the common definition of 'organization' which is often of the more limited and questionable 
form: 'organizations are groups of individuals bound by some common purpose to archive 
objectives'. 

Oscillation (1): Continuously moving past a fixed point, first on one side and then the other. 
Paradigm: a thinking mode; Weltanschauung 
Participation (also interconnectivity): 
Participatory rural appraisal (2):An evolution of rapid rural appraisal (RRA), which draws on an 

electric mix of tools and techniques, in which in an idealised form local people and 'outsider' R&D 
professionals learn their way to some agreed understanding from which projects or R&D action are 
formulated. 

Path dependency: see lock in 
Patterns: basically another word for systems 
Perception: the fact that a context is perceived differently by different stakeholders. CSM studies how 

a particular technology may be good in one place and bad in another. It also pays particular 
attention to changes of context (which “provides and absorbs”) and the subsequent changes of 
system behaviour. 

Perspective (1): Point of view.  
Perturbation: A sudden usually severe disturbance to a system such as fire or hailstorm. 
Point attractor: see attractor 
Positive feedback (see feedback)  
Positivism (and positivist approach) 
Post-modern approaches: the approach in which the positivist / objectivist ideas about the behavior of 

nature have been abandoned 
Predator-prey relations: the way in which a prey (e.g. a rabbit population) responds to the preying by 

a predator population. The original model was developed by Lotka and Volterra some 80 years ago 
for fish populations on the Italian coast near Naples?? 



Probability: The likelihood of a specific event ranging from zero (likelihood) to 100%. 
Processes: the way “things” proceed (see mode) 
Production: the process or the output of that process, often distinguishing between “waste” and 

“useful” product (a highly contested dictinction in general). 
Productivity: a measure of system output, - the amount or value of product relative to an input e.g. 

kg/ha or $/ha Punctuated development 
Quality: the combination of a quantity or a something with its context. For instance, the number three 

means nothing (it has no quality!) if we do not know whether it refers to numbers of children, 
prizes in the lottery, molecules in the mouth of a horse. Or an organic matter content of 5% is only 
a quantity unless we know whether it belongs to a clay soil, a piece of art, a piece of steel …  

Rapid rural appraisal (2): A systematic but semi-structured study carried out in the field by a 
multidisciplinary team over a short time used as the starting point for understanding (usually by 
'outsiders') a local situation and based on information collected in advance, direct observations and 
interviews where it is assumed that all relevant questions cannot be identified in advance. 

Recursiveness (2): the description of a circular relationship such as the one that connects action and 
experience – al knowing is doing and all doing is knowing – every act of knowing brings forth a 
world of experience.  

Reductionism: the notion that one can understand the whole by understanding the parts. And because 
the “whole” appears complex one we study parts, which themselves appear to be complex (see 
fractals). Therefore one can easily get lost in studying parts of parts of parts, thus losing sight of 
the original problem; 

Relativism: a philosophical approach that considers everything uncertain and that does n tend to stress 
the need to take decisions, as done in constructivism where the observers do cope with different 
opinions by constructing a common “reality”. 

Relativist thinking: the notion almost opposite of objectivism, i.e., the notion that whatever we see 
depends on how one looks at it, and that it really cannot be determined what something really is 
(…):  

Research: the work on trying to understand how “things” work. The term science was coined on the 
19th century and research was done long before that. Modern approaches stress that there is 
different ways of doing research, e.g. formalized by formally trained researchers, but also by 
farmers, laymen and children. 

Resilience (see stability): the degree to which a system can restore itself to an original state (Holling, 
1973). 

Risk: The likelihood of negative events or outcome can be expressed as a probability, calculated based 
on empirical data sets of the past or of other sites. However, uncertainty cannot be calculated. 
Uncertainty can be caused by a) a too low number of measurements which makes it impossible to 
stick confidence values to the probability of the event, b) the probability event being inherently 
impossible to be calculated (e.g. the chance that the sea-level will rise to a certain level in a given 
time), or c) the time series become so long that they refer to older data / contexts that are not 
relevant anymore, or even misleading for today’s conditions. 

Routines: habits, ways of doing things (see Nelson and Winter, 1985)  
Scenario studies: see thought experiments  
Science: a term coined in the 19th century. In Europe of the middle ages and up till the 19th century  

most researchers were Natural Philosophers, i.e., people who tried to better understand “nature” 
and thereby God (e.g., Newton).    

Second-order cybernetics (1): A branch of cybernetics that focuses on the relationship between the 
observer and the system they are studying. 

Second order data (2): This data takes as it starting point first-order data such as descriptions of 
physical, biological, and psychological events with specific references to the experience (past, 
present and imagined) of gathering, and working with, the said data.  

Second order change (2): Change that is so fundamental that the system itself is changed. In order to 
achieve second order change it is necessary to step outside of the usual frame of reference and take 
a met-perspective (Watzlawick, 1974). First-order change is change within the system, or more of 
the same.  



Second order tradition (2): Is characterized by the experience of 'awareness' of being the agent in 
generating key distinctions (e.g. what is the system under study; what is focused on and what is 
marginalised; what is the 'problem' and what might be a 'solution') and especially, that the objects 
and events that we perceive are only knowable through the action of the person perceiving – the 
'observer'. 

Self-organisation: the way a system shapes itself according to the combination of internal and 
external forces. A soap bubble is round because of the combination of internal forces that bind and 
repel, as well as to the wind, the air-pressure and other external factors. The mechanistic and 
Newtonian notion of (linear) cause and effect loses its meaning in this respect. The same happens 
with a lamb that seeks its mother when it gets thirsty, a tree that bends with the wind (what is cause, 
what is effect); and so on. (Varela and Maturana, …;  ). And Self-organisation (see also 
autopoiesis): The self-producing property of living organisms, which is, itself, based on the self-
referring process of cognition whereby the organism maintains itself in the world 

Self-reference (1): Where a statement or event refers to itself, like this one. 
Self-referential (2): The premise underlying 'self-referential' is that as humans, we determine 

(generate or create) the world that we experience. Second-order understanding implies that all 
phenomena are self-referential in that they are built, mirror-like, by reference to themselves. The 
notion of self-reference is in direct contrast to our traditional value of 'being objective' or holding a 
'neutral position'.  

Self replication 
Signal: information and signal tend to get confused. Where “A” sends a signal to “B”it becomes 

other  information for “B” than what it was for “A”(based on Ray Ison, pers. comm., 1988.  
Social construction (2): Social constructionism has as its understanding that 'all meaningful 

reality, precisely as meaningful reality, is socially constructed. The chair may exist as a 
phenomenal object regardless of whether any consciousness is aware of its existence. It 
exists as a chair, however, only if conscious beings construe it as a chair. As a chair, it too 
is constructed, sustained and reproduced through social life' (Crotty 1998). 

Soft system methodologies (SSM) and/or thinking: tend to focus on “soft” social relations within the 
community, on emotions, on different perceptions of reality and on changing attitudes in a world of 
multiple realities (e.g. gender relations, social networks, unstructured situations). The term “soft”  
unfortunately re-enforces the notion among “hard”- system thinkers that it  is something vague and 
not-“measurable”, and “therefore” of no value. But if one comes to work in real life one will 
doubtless find that social and emotional barriers and notions can be “harder” that the so-called 
“soft” notions (Checkland, 1999; Roberts and Van Haaften, 2003).  

Soft Systems: these do not exist, but one can think in terms of soft- or hard systems. 
Solutions: the outcome of a simple or even complicated but not complex or impossible problem. In 

other words, a complicated calculation or decision process yields one answer that will stand forever 
(in practical terms). For example, the multiplication of 23 x 54 is 1242, and that will stand – nor 
cause problems - no matter what happens afterwards (see coping strategies) 

Space-time diagrams: see attractors 
Speciation: development of different systems from a similar form (see figure 1.4) 
Stability: refers to the natural variation in system output. Low variability indicates stability. 
Structure (1): The way in which elements in a system are organized. 
Structure (2): The structure of a system is defined as the set of current concrete components and 

relationships through which the organization of a system is manifest in particular surroundings (see 
structural coupling and structure-specified systems). This definition is analogous to North's 
definition of 'institutions' but arises from a different intellectual tradition. 

Structural coupling (2): The critical linkage of an organism and its medium (environment / context), 
which could be another organism, is expressed as structural coupling. The autonomous operation of 
the nervous system – and on the next stage up – the organism as a whole, means that it is capable of 
changing its own structural dynamics and thus its configuration with its environment. This 
engagement with another (structural coupling) is dependent on its history of coupling (recursive 
interactions), with each coupling triggering change which brings about the next possibilities.  



Stress: a gradual decline in the environment affecting a system usually expressed by a reduction in 
output. 

Structure: the arrangement of parts in a system, can be linear, web-like, hierarchical etc.  
Sustainability/ sustainable development: 
Symmetrical relationship (1): One in which participants match behaviours, responding in the same 

way. 
System (1): A system is an entity with a purpose, that maintains its existence and functions as a whole 

through the interaction of its parts. 
closed system – A system, which in theory has no interaction with its environment. In practice, all 
systems are open to some degree. The more closed the system, the more the energy runs down 
within it. (The Law of Entropy). 
open system – A system that interacts with its environment, gaining resources across the boundary. 

System (2): It is the observer (any person acting purposefully) who, by means of making a number of 
distinctions (decisions), specifies that a system is a unit distinct from its background. The unit 
(system) is typically made up of a number of relationships and is given a purpose by the observer 
and said, again by the observer, to have a function and structure. 

System (mode): the combination of a system as a unit and a process 
System (process): a well established procedure or way of doing things. For example, dairy production 

can be done in a subsistence or commercial way, it can be based on high or low input use, it can be 
done mixed with crops or in a more specialised way etc. 

System (unit): a more or less defined unit that processes inputs like feed and labour into outputs such 
as milk, meat, draught etc. A cow can be a system, as well as a farm, as well as a village as well as 
a region or an entire sector. The fact that systems repeat themselves over different levels is 
called ”fractal behaviour” in CSM. It can even be generalised in the sense that a grassplant is a 
system that converts “the labour of solar energy and nutrients into products like carbohydrates and 
proteins. SSM and CSM are less precise in the definition of system goals and boundaries because 
they focus more on the temporary and dynamic nature of any system, 

System behaviour (also development, evolution, lock-in, co-evolution): is just another word to 
describe aspects of system-development. It occurs at all levels of the hierarchy and it even happens 
to be quite similar over different levels. Indeed, all systems “eat and defecate”, they have some 
central co-ordination; they all emerge at one point of time. Most systems reproduce in one way or 
another and they all disappear at one point of time (they “die”). In the meantime they continuously 
change their composition: a dairy farm may seem to be quite similar over a period of time but the 
herd composition and/or physiological status of the animals and the family changes on time scales 
of a day, seasons and over years. This so-called fractal behaviour is central in the understanding of 
systems since it allows the use of analogy through which one can better understand the behaviour 
of one system by studying another. Typical forms of system-behaviour are “lock-in” where a 
system gets stuck in a particular way of doing things, “self-organisation” …. Etc. 

System dynamics (1): A field of systems study that includes building computer simulations to 
understand complex social systems. 

Systemic: anything to do with systems, mainly used in these notes to indicate an approach where the 
observer considers him/herself as part of the system. 

System hierarchy:  
System thinking (1): A way of thinking that focuses on relationships between parts forming a 

connected whole for a purpose. 
Systematic (1): In a planned way. Not the same as systemic. 
Systemic action research (2): The espoused role and action of the researcher is very much part of an 

interacting ecology of systems. How the researcher perceives the situation is critical to the system 
being studied. The researcher acknowledges that he/she, in collaboration with others, generates the 
system. 

Systemic (1): Using systems ideas. 
Systematic: methodological, but assuming that a system as process or unit can be taken apart in 

different distinct steps 
Thermodynamic: see thermodynamic theory. 



Thermo-dynamic theory: the theory about how energy can be destroyed nor created, but changed of 
form, and easiest in one direction of increasing disorder (entropy. The theory is developed in 
distinct ways: a) based on empirical measures using steam engines and the like (Clausius c.s. some 
200 years ago), and b) based on reasoning about probabilities (Bolzman some 100 years ago). 
Particularly the latter approach to the same phenomenon is more accessible and probably more 
useful / apprehensible in terms of concepts for socio-economic application. These notes make it a 
point to state that thermodynamic theory is not the exclusive domain of physics, but a reflection of 
system-behavior that underlies the level of basic disciplines such as physics (of the matter) and 
sociology or psychology (of the mind).  

Thought experiments (also called scenario studies): the use of calculations to study system behavior 
under conditions where experimentation is not possible or difficult. Einstein was a typical user of 
thought experiments, and other examples from agricultural sciences include Crotty (1980) and Von 
Thunen (1850). Thought experiments generally do not appeal to people that stem from more 
empirical and inductive traditions. They are, however, an indispensable tool to establish hypotheses 
that might / need be tested under experimental conditions. 

Tragedy of the commons (1): A systems archetype where a shared resource is overused by individuals 
and so gives less and less benefit to all. 

Triple bottom line: the notion to use at least three ways to asses system performance (technical, 
ecological, social??) (Rickert, 2003)  

Uncertainty (see risk and probablity): 
Understanding (2): This is essentially an experience, a form of agreement, a knowledge which arises 

in our conversations – our living together – and which is not known through properties of 
something independent of us. Only when we dance in the flow of one another's emotions can we 
experience understanding. 

 
Sources: 
1. System thinking glossary (www.lambert.com/Systems/sysglos.htm) 
2. Ison, R.L. and Russel D.B., 1999. Agricultural extension and rural development: breaking out of 

traditions. A second-order systems perspective. Cambridge university Press, 231 pp  
3. Koops and Schiere: lecture notes 
 
 
 



ANNEX 2 QUOTES 
 
- Paradigm in Greek means example 
- Some scientists analyze and analyze until they paralyze…  
- The I Ching has 64 patterns to describe life 
- I am not afraid of politics, but don’t kill each other…  
- Flattery is alright but do not inhale it (…) 
- Devil comes from dia-bolos (two spirits) 
- Avoid politics, but do not walk away from it 
- Is it a weak signal or a small deviation? 
- I am sorry but I do not apologize 
- A fish rots from the head 
- If you have power everything looks simple 
- Life is not supposed to be easy 
- One cannot solve problems with the same thinking that created them 
- Three guidelines help us apply wisdom to business: 

o Design, don’t engineer 
o Discover, don’t dictate 
o Decipher, don’t presuppose. 

- Avoid sledgehammers when feathers will do 
- Achilles: Give me a lever and a place to stand and I can move the earth. 
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