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1. INTRODUCTION

The seminar notes briefly review reasons and ssesesf system thinking. Chapter 2 dwells
on the philosophy and different methods of systieimking. We then continue with chapter 3
to elaborate on different system approaches andphgosophy: hard systems methodology
(Ch. 4), soft systems methodology (Ch. 5), and Inwear or complex system theory in Ch 6.
Chapter 7 outlines some practical methods. Andllfinwe provide some concluding
comments on the notes in their entirety (Ch. 8).

These notes were adapted for the Summer Schooivdmtheld in lerapetra, 22-29 August
2006. The summer school aimed at bringing compjdassues into practice with a special
reference to rural development in the village ofafali. These notes hope to provide some
background to the theory, the practice and theipraikrural development in general and to
new relations between consumers and producers spefically. Extra emphasis is given to
complex system methodologies (chapter 6) and methad techniques to get started in real
life (chapter 7).

While reading these notes it should become cleat Hpplication of various system
approaches for development is not just the adomti@mther protocols within existing thought
patterns (= paradigms). Use of system approachesldeelopment can imply the basic
change in setting of research and developmentife®r procedures and paradigms that is
explained in this text. In short:

- It aims to balance the traditional reductionist aijectivist attention to detail in HSM
under assumption afeteris paribuswith holistic attention to context, relations ¢eteris
imparibus

- It emphasizes the need for interdisciplinarity atakeholder participation in design and
testing of developments, typically the issue ofteah and perception in SSM. It thus
requires new ways of - constructivist - communmatbetween the different actors such as
policy makers, farmers, researchers, extensiom&t€)'s, etc.;

- CSM addresses differences of context, it stressastant changecéteris imparibuk It
stresses acceptance of non-linearity, surpriseatieiy, second-order thinking over
linearity, standardization, rigid control, firstdar thought and equilibrium. It thus implies
the need to reassess unspecified use of standaminddogy such as efficiency and
productivity, progress and improvement;

The implicit step from reductionist to more holisiipproaches in system thinking should be

clear from these examples. And if it is not cleathen please read on!



2. SYSTEMS THINKING, PARADIGMS AND THEIR ROOTS

‘Economists, in common with many other professigniaave their articles of faith, that is, oversiifiptl
and generalized beliefs which may not stand up uddductive analysis.[...] One such [...] article oftfa
in economics is the idea of the economy of scalbigmer is better, with unit costs declining withitput.
In reality, relationships between input quantitydaoutput benefit, when plotted as performance ciare
not ever-rising curves but convex or “humped-backives. Which is to say that too much as well as to
little is not optimum’.

Odum E. P. (1975)

2.1 Some real “old” systems thought and practice

The large “family” of modern system practitioners“the West” borrows its ideas from a

series of thinkers that existed before the old &see even older philosophical approaches of
other cultures. One of the “fathers” of soft systmking is Churchman and he mentions the
Chinese I Ching” or “Book of Changésfrom the second millennium before Christ as the
earliest document arriving at a systems approaatetssion making (Churchman, 1974). He
explains how the I Ching assumes that the reafityezision making can be broken up into
sixty-four basic possibilities, each of which isher general in nature. That number “sixty-

four” is much higher than the numbers “three” ogvien” that | like to use based on practice
and notions from many cultures. But the essenceagusuch numbers reflects the

contradictory notion from modern complexity thingithat “nature” is unpredictable while at

the same time it tends to repeat itself.

Ancient Greeks and their western successors intlagd remarkable similarity in thinking
with Asian and probably African, American or Abarigl contemporaries. Chinese thinking
was paralleled by those of early Hindu thinkers,owdomposed rules for different life-
situations into epochs like the Mahabarath andRAmayana. The Mahabarath has a central
“chapter” (the Gita) where the “gods” argue in ac&tes-ian manner with humans about
what is good and bad. The Gita’s centerpiece isgus the emphasis on process and direction:
“do not work for the resultsbut,”work is worship. It is an argument rather than a truth, and
it is not unlike the arguments in Greek thinkingttcome “together” in quite similar epochs
“lliad” and “Odyssey” by Homer. The Greek must hdarowed from the Hindus and they
must have added notions by themselves. As an dbeldlahabarath alone is said to be about
7 times the size of the lliad and the Odyssey tugétAnother aside: it was an Islamic
tradition of system thinking represented by Avicenaround 1100AD that rediscovered
Aristotle. It were Islamic scholars that broughd thinking into the “Western” world together
with algebra and other such sciences, long afteretéwly church molded and shaped the
traditions of the Greeks and the Middle East. Wiathitnat Islamic “move” the Renaissance
and our present worldview might have worked oufedéntly. Interesting background reading
on western philosophy and the roots of our scientiinking is from Checkland (1981, Ch 1);
Gaarder (1995); Omar Khayam (1200) and Churchm@n4(l But let us have a closer look
at system thinking and / or philosophy from the ékseonwards, 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 ®dhcient Greeks and today it still tends to
repeat arguments resembling those of millennia &go.example, a major rift in modern
thought occurs between traditions that think inmierof steady states (equilibriuroeteris
paribug, clockwork notions and “hard” facts on the onendhaand traditions that assume
“fluidity” and uncertainty (non-equilibriungeteris imparibuson the other.



The first tradition sets fixed targets and tendsita for "final” solutions. In this school of
thought, an irrigation scheme, a new cultivar atéchnology will, once and for all, solve the
world food problem: the war against hunger must be Wqistakman et al., 1967). The
second tradition thinks in fluid terms of changembining several perceptions of reality. It
accepts change by adaptive management. This eflleetnotion of the Greek philosopher
Heraclites who saidnbthing is permaneht It contrasts with that of the Pythagoreans who
hoped to perceive everything in terms of geométhych to their dismay they discovered that
the value ofp ("pi") could not be calculated numerically. A skothat resembles the
difficulty of today's paradigm-shift: away from clowvork-certainty towards uncertainty; from
control to participatioh

Some centuries later, the early church “controlladtertainty for at least a millennium by
proposing dogmas as a form of "unquestioned augtiorihis approach was challenged
during the Renaissance by people who (at leastgitlp) valued empirical observation over
church authority. They hoped to get ultimate trufhis challenge reminiscent of the one
today by postmodernists to traditional science (Bwitz and Ravets, 1994). It was a time
when Galileo and Copernicus proposed a heliocemiaclel of the solar system, an idea
already expressed by early Greeks such as Aristard¢hallowed for the use of much simpler
methods to understand planetary behaviour. Butattime this was a notion that ran counter
to established dogma. For example, Kepler's suggedb use ellipses challenged the
religious “certainty” that planets represented sdkmed of deity, which by virtue of this
nature should follow circles as indicative of thearfect form.

A major contribution of Descartes (early™@entury) to the intellectual discourse concerning
“reality” and uncertainty was to revive ancient inos of reason as a complement to the
inadequacy of observation alone. It is a familiand arecurring argument between the
rationalist and the empiricist: should we use reaaand / or observation, should we use
thought experiment or “actual” experimentation. Theeason” allows for “thought
experiments”, but empiricists will always ask “halidd you measure it?” | think that both
approaches are good, depending on goal and siu&tio much is not good, but too little is
not good either! Einstein is even said to have dusanajor discoveries with his pencil, on
thought experiments, he let others do the empitesting! Descartes did stress the need for
uncertainty and doubt, but to get away from comipfene further suggested to break big
problems into small ones (box 3.2). It is a precst modern holistic system thinkers call
deconstruction, and it can be quite useful uniessdarried too faf.As a rationalist father of
modern reductionism,

Descartes also however rekindled a hard dualitg: rhatter es extans and mind Kes
cogitang. This helped to cope with uncertainty, thus pdowy a useful conceptual tool in a
time of much mysticism and little critical obseneat Unfortunately, this separation of mind
and matter has almost become an article of fagh ithhard to shed. Today our thinking on
agriculture may have too much emphasis on mattdrtaa little on mind, although some
biophysical thinkers tend to attribute to theirise@conomic counterparts a similar excessive
preoccupation with mind. Strange enough, Descdrdsshad great influence in reductionism
and matter minds.

! The terms “control” or “participation” are takerof Brian Goodwin (pers. comm., 1999)

2 A reasonable argument can be made to explain tikybt useful to deconstruct further than inte #f lower
level of system hierarchy, but that is left forelatVon Liebig was one of those that charted tlzel to
mechanistic thinking when found the principlesuflities and when he carried further on that rcadost
vehemently



box 2.2. Basic thoughts by Descartes regardingéere of reductionist scientific reasoning

And as a multitude of laws often only hampers ggstso that a state is best governed when, witHdews, these
are rigidly administered; in like manner, insteddh@ great number of precepts of which logic imposed, |
believed that the four following would prove petfgesufficient for me, provided I took the firm and
unwavering resolution never in a single instanckildn observing them.

- The first was_never to accept anything for twhech | did not clearly know to be such; thatdssay,
carefully to avoid precipitancy and prejudice, am@omprise nothing more in my judgment than whas w
presented to my mind so clearly and distinctlycasxclude all ground of doubt.
be necessary for its adequate solution.

- The third, to conduct my thoughts in such ordhat,tby commencing with objects the simplest argiesato
assigning in thought a certain order even to thldigects which in their own nature do not stand relation
of antecedence and sequence.

- And the last, in every case to make enumerasonsomplete, and reviews so general, that | might b

The long chains of simple and easy reasoning bynmeawhich geometers are accustomed to reach the

conclusions of their most difficult demonstratiohad led me to imagine that all things, to the kisolge of

which man is competent, are mutually connectetiénsame way; and there is nothing so far remoed frs
as to be beyond our reach, or so hidden that weotaliscover it, provided only we abstain fromeguing the
false for the true, and always preserve in our gihtsithe order necessary for the deduction of uth from
another.

Descartes was followed by Newton, who developedhitas that explained what Leibniz
described as the "clockwork" universe, in which rgtreng is predictable i.e. where
“certainty” rules, where “control” is possible, amthere one knows “what happens in one
place if one presses a lever in another place”. ¢l®ny Newton was more exited to have
discovered similarity between the microcosm of thking apple and the macrocosms of
planets. He was not primarily interested in th@Cklvork" aspect of the universe. Perhaps his
interest in this respect was incidental, and morthe repetition of form sense that is called
fractal behaviour. And to shed a new light on magendistinction between science and
philosophy, it was Newton who said that he prefkmphilosophy over “what people called
science”. Importantly, however, Newton could onajctilate orbits of two bodies and not of
three or more interacting bodies since complexati@hs” confused the regularity of the
clockwork universe. And by predicting movement leé pendulum he — usefully — neglected
air friction, wear and tear of the pendulum anditg in the pendulum itself. Uncertainty
was not overcome by Newton: he “shelved” it, argldeliberate simplification of nature was
forgotten by his followers.

Indeed, Newton's followers took the "two body” slifigation as an article of faith. And the
dispute about uncertainty between Einstein and Bsiime two centuries later was essentially
an argument about faith. Bohr accepted uncertaamy the effect of the observer as a
physical phenomenon, while Einstein tried to furtblederstand the "logic" of God’s thinking.
He could not accept that God worked with char@@ed does not play dicg!but he accepted
the uncertainty-relationship established by Heisegbfor its instrumental value. These
difficulties of Einstein reflect the one of the c¢bin with Galileo’s heliocentric world-view
and Kepler's ellipses. Cardinal Bellerminy couldegt the formulas of Kepler and Galileo as
“instruments”, as long as they were not meant findea world-view, or to affect the existing
paradigm. Darwin shocked society badly enough bygsesting the link man-monkey, a
notion to keep us humble. Von Leibig’s work on cl&ny represented a struggle on
separating matter and mind. And does the paradigfhtewards a heliocentric worldview
have similarity with the notion that animals (andr/plants) also have culture (De Waal,

3 It states that one cannot know both the placetlamdelocity of an electron simultaneously.



2001)? Do these notions have more than merely uim&ntal value for agricultural
development? Do they have a “religious” difficuity accepting that “man” is part of nature
rather than “in charge” of nature? Is Newton analskgin’s struggle to find “God” in nature a
“station past”. Where does modern thinking on adtical development position itself, and
how does our choice of method and paradigm affeet dutcome of our analysis and
prediction? Do we continue to look for certainfyneeasurement, 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 mooeninent place in system thinking since
and even before the 1960s (Klir, 1991). A furtheedkthrough in thought involving
uncertainty of physical systems came with the atheércomputers and new insights from
thermodynamic theory (Gleich, 1987). That was whesmpirical physicists and
mathematicians came across the same notions as‘pheilecessors” who had already got
there by using reason and through experiments. rfthioty and need for choice is
inescapable, as said by Sartreankind is condemned to be frddncertainty was also
recognised by the founders of SSM in organisatiammnpanies and communities, i.e.,
situations where humans play a central role (Prigogk Stengers, 1985; Gleick, 1987;
Checkland, 1999). | stress here, that:

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

The existence of uncertainty in both social andsptal systems is hardly surprising if one
remembers that the mind-matter distinction is mauen and that it led to a situation where
so-called “sciences” and “arts” seem to have lestdapacity to communicate (Ackoff, 1999).
For some one hundred years now, the conceptsaiivigf and quantum physics have exerted
their influence on the science of the very big #relvery small. Now complexity has started
to influence modern system thinking in and arougdcalture. That was well recognised by
the “early” soft system thinkers of the 1950s amdrebefore, it was only “legitimized” for
daily use and more than instrumental value by taghematicians and physicists of the 1980s
and 1990s. Still, the debate on uncertainty anthervalidity of former distinctions is yet to
show its full impact. Concerns about climatic changecent outbreaks of BSE, political
change and the threat of war, computer virusegqtist@an with regard to globalisation, etc.
demonstrate only too well that “one can expect peeted things to happen”, and that values
and paradigms can undergo sudden and dramatic eh#g appear to have returned to the
days of Heraclites, who stressed fluidity in systenm the day®f Plato who talked of
reflections of a real truth, and the days of Atistowho looked for patterns and drives behind
systems. The challenge is to use these conceptmthelyeir instrumental value alone, and to
let them have an impact on our global view of agtigal development in the 21st century.

2.4 Various system approaches, mono-theism or poly-than

This chapter aims to show how various forms of @agriiral system thinking are ultimately
parts of what would be called a general systemrthas shown in fig. 3.1. For the purpose of
these notes | chose to distinguish between hartbraysnethodology (HSM), soft system
methodologies (SSM) and complex system methodo{@$M). But this distinction is only
one of the many. Particular attention should bé paihis regard to the work of Jackson and
Midgley on “critical system thinking” and their §stems of system thinking” (Jackson, 1999;
Midgley 2002 a, b, c, d). Indeed, so many formsydtem research are found in the world



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

Table 3.1. Several branches of system researclhy list of the "current special integration groufSIG's) of
the International Society of System Studies (ISSS)

- Hierarchy Theory - Business and Industrial Systems Application

- Systems Philosophy - Duality Theory

- Informatics and Communication Systems - Law and Political Systems Analysis

- Systems Studies of Climate Change - Systems Modeling and Simulation

- Futurism and Systems Change - Systems Theory in Evolution and Emergence

- Meta-Modeling and Systems - Dissipative and Non-Equilibrium Processes

- Epistemology - Systems Psychology and Psychiatry

- Systematic Approaches to Intelligence - Chaos Theory and Fractal Analysis

- Information Systems Design and Information - Research Towards a General Theory of
Technology Systems

- Artificial Life Systems - Medical and Health Systems

- Living Systems Analysis - Systems Design in Education

- Process Theory of Persons - Spirituality

- Human Systems Inquiry - Tribune

- Critical Systems Theory and Practice

The variety of "disciplines” within system approash(special interest groups) is staggering
indeed. Therefore, the use of a singular term &wysipproach” is bound to cause confusion if
the underlying paradigms and theoretical concegsat spelt out. Still, in my view, all these
approaches and methodologies reflect different @sp@ore general system “theory”, and
one may need to combine approaches rather thagt togg in only one approach.

These notes use the term methodology in abbrem@tior resp. soft and complex system
thinking (/resp. HSM, SSM and CSM). This avoids enolumsy acronyms like HSAM etc.
e.g. with an “A” for approach and/or a “T” thinkin@ur choice to use acronyms with only an
“M” implies that the conscious choice for the (candtion of) approach (es) has preceded the
choice for the methodologRifferences in approactan refer for example to the fact that one
can consider research to provide either objectinaed) or subjective (soft) results, between
equilibrium or non equilibrium and/or a combinatioh these. Differences in_methodology
occur when either quantitative, qualitative methodgheir combination are applied. More
differences in approach occur, for example, in l@fanalysis relating to the choice to work
on regional level, farm level, animal level or evewer.
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Figure 2.1. An influence diagram depicting the eliéint strands, or traditions, of systems and nasomge key
researchers associated with these traditions (Maiteny & Carr, 1997)

The attempt to establish a general system theo§TjGvas the basis to establish the
International Society of Systems Studies, foundedl954 by Ludwig von Bertalanffy,

Kenneth Boulding, Ralph Gerard, and Anatol Rapopdhte resulting Society for General
Systems Research (SGSR), was created in reactiothetogrowing disparity between



reductionist science and their own understandinthefreal world as based on relationships,
interrelationships and emergent qualities. Theiwaigobjectives of what is now called the
ISSS are as operational today as they were moneftlia decades ago:

- investigate the analogy of concepts, laws, and fsddem various fields and to help

useful transfers from one field to another;

- encourage the development of adequate theoretmdéin in fields which lack them;

- minimize the duplication of theoretical effort irffdrent fields;

- promote the unity of science through improving cammations among specialists.
The societies’ intention was thus to integrateeadéht fields of study in the same way that the
concept of consilience strives to unify all ratibkaowledge. Because of this, a role that has
been unfairly attributed to ISSS and other systerganizations in the past is one of striving
for control and totalization. But this is clearlgtrthe intention of the Society.

2.5 Concluding comments

The founders of the SGSR thus represent only airfgeertant persons from the much larger
tradition that started from before Aristotle andttincluded thinkers/scientists such as Bacon,
Descartes, Newton and agricultural system thinlsersh as Columella, Young, and Von
Thunen (Nou, 1967; Fresco, 1986; Schiere, 1995pudhout we will argue that the different
branches of GST present just different aspectseality and modern farming system
researches are part of a tradition, a road thatgeseas we walk or in the words of Antonio
Machado ... “andando se”....

Importantly, this figure includes even work on teldly and quantum physics and some of
that work will be occasionally referred to in thdsetures. What really counts is that the
figure shows how HSM, SSM and CSM are all part ¢ evhole. Importantly, physics also
knows uncertainty ("softness"), and it is on pugdtisat we discuss some modern insights
from complex system theory, also called non-lireatem dynamics or - confusingly - chaos
theory in these notes. These theories stress aiugrin an apparent and dramatic departure
from the "clockwork" approach that was inheritednfr Descartes, Leibniz, Newton and
Laplace, but already inherent in the hopes andratggm of the Pythagoreans. It was also
inherent in the Hindu epic Mahabarat through thestjons of mankind (represented by
Arjun), to which the “Gods’ (represented by Krishmaplied: don't do it for the results, but
for the process of which you are part. Work is vagrs The bottom line of thinking in these
seminar notes is to basically deny the very notlixes“mind and matter” or “natural vs. non-
natural”; just as much as between “repeatable andraepeatable”.



3. SYSTEM APPROACHES: WHICH, WHEN, WHERE AND WHY

Most research, management practice policy and etitucaims to improve the past rather than to prepfor
the future.
Steve Worth

3.1 Introduction

Much change has taken place in agricultural pracied research, in crop and animal yields
and in the thinking about all this over the padtennia, decades and ages. At the same time
many things repeat themselves in the “dialectick’history. Notions of the difference
between matter and mind are discarded and reviasgments between rationalists and
empiricists continue, depopulation of the counttgsare taking place in the US, Australia and
France; mixing and specialisation of farms come gmdrhinking and practice is changing as
we write or read about the past decades. This ehans to briefly review reasons for
system work. It elaborates on a few different foraisFarming Systems Research, and it
gives a few basic concepts. Also, it hopes to stimarelevance of the change in concepts and
methods for choices to be made nowadays.

3.2FSR philosophy

In philosophical terms, farming systems approadn@s the 1960s and 1970s used a so-
called Cartesian and mechanistic approaches.ldased on the thinking of the philosopher
Rene Descartes (1596 — 1650) and his contempar&teeproposed that a complex problem
such as “food security” could be understood throgghtematic reasoning by breaking it
down into small components. By the way, Descartas w mathematician and he neither
worked with agriculture, nor with food security mural development. But part of his thinking
has significantly affected agricultural researchtaday. Mainstream thinking of the past
decades embraced the notion of reductionism. Ib thh@ught, combined with that of his
contemporaries such as Newton it is believed fitaei small detail would be understood, the
whole system could be built up again, mechanigyicak a clockwork. In other wordg:we
know the genes of a maize plant we can construsbcety that has no food problem
Geneticists and others ignore the notion of coniextthat tend to take for granted that there
will be enough “farmer”, water and nutrients to tbé maize grow if the DNA is in place.
That is an assumption or simplification like theedny Newton(1642 -1727) who neglected
air frictions and other irregularities when he “m&mnatized” the movement of the planets and
the clock’s pendulum.

Such a linear approach can be useful and the limggults were impressive: grain yields

doubled or tripled. After some time and celebratioowever, it was found that:

- Many initial successes had unwanted and unexpesitixl effects, called trade-offs. At
national level they refer to issues such as paliytimarginalization of small farmers,
exhaustion of fossil reserves or declining watdres. At farm level they imply that a
change in cropping affects the division of workvietn man and woman and the feed
availability for the animals. This issue will besdussed, in these notes, under the term of
“relations” or ‘ceteris imparibus”.

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



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

Throughout the text much reference is made to the@seprinciples of system thinking. The

effect of context and relations are only a few loé many that can be envisaged e.g. the

interaction between matter and mind. The contexdt eglation are here emphasized to

summarize the tensions around choices in reseacthdevelopment and farming approach:

- do we go for single or multiple realities,

- do we have static (equilibrium) or dynamic (naqu#ibrium) notions on system
behaviour

- do we look at parts (reductionism) or at “wtdléholistic thinking)

3.3Farming systems research, reasons and terminology.

It is now clear that trade-offs are essentiallyéssof relations, and that the failure to get new
technologies adopted in variable conditions reflgioe effect of context. This is a
simplification but together, these interrelateduess make researchers and policy makers
realize that new approaches are required to suatgioultural production on the long term.
The development and introduction of several forrh&98R (or simply: system research in
agriculture) was a logical result.

Different people have different goals, but FSRfterorecognized to aim for:

- a holistic approach to complement emphasis on temhist approaches that study only
parts of the farm, e.g. an animal, a plant, the g farmer, or even components thereof;

- (re)focussing of (academic) research, extensionramuing.

Indeed confusion can exist on the various FSR teslogies and concepts. Confusion can
even arise about the meaning of the individual wdedming, systems and research, which
together can again be shown to have another seteahings. This text uses the following
working definitions:

- Farming comprises all aspects of agriculture, e.g., cnogpanimal production, fisheries,
forestry, etc. Much traditional FSR of the hardtegss approach tends to consider
"farming” as a well-defined activity. More modesu-called soft or complex approaches
stress that "farming" tends to be intricately imt@ven with off-farm activities;

- Systemis defined in several ways throughout the next tdrap but most generally it
refers to “something” coherent in time and space twhole” that consists of parts and
that transforms certain resources into others;

- Researchin this text is considered to be an activity tltain be done by farmers,
extensionists as well as by formally trained sdgtsit Research is not confined to
laboratories, governmental research stations andnitinvolve a variety of qualitative as
well as quantitative methods.

3.4 Different forms of FSR

These notes use the term FS&hsu latua general term to cover several branches of sgstem

research:

- FSRsensu strictuvorks with an academic orientation, not meantdbieve immediate
practical results. The time scope is normally betw6 and 12 months and the outcomes
are rather descriptive;



- on farm research with a Farming Systems Perspe@#R-FSP): work meant to quickly

analyse local situations to propose actual devetopiiwork, often called FSR&D or als
FSR&E (Farming Systems Research and DevelopmeriExtension);

(0]

- New Farm System Development (NFSD): work to desigw farming systems, so-called

prototyping.

The FSRsensu strictus commonly known and done in academic circlesisks extensive
surveys, its results tend to become available &3 tAeses and academic publications long
after the research is done. Above all, the workdaeeot be aimed at achieving directly
applicable recommendations and as such it is vilduab support. Work of the second
category (FSP-D) is much more action orienteds kammonly used in the tropics, but also
increasingly in temperate areas. Work of the thzategory (NFSD) is also common
everywhere in the world, e.g. in the efforts toabsh "pilot units”, "model farms" or

"prototypes".

Box 2.1: An example of a professional bias aboetifese by Indian farmers.

While working on a project that aimed to develast feeding methods for farmers in India it wasnfduhat
farmers just north of Delhi tend to burn their risgaw while feeding their wheat straw. This proegpthe
researchers to think that wheat straw had a batigitional quality that rice straw. However rtitmal

analysis in the laboratory showed that the two $ypestraws had similar feeding value, or even, attstraw
was slightly worse than rice straw. The problemamee more complicated when it was found that farnrer

interaction with the farmers community that theeggsh community found a possible reason that wsidsu
the professional "way of looking" of animal numitiists. It appeared that not feeding value but #eedl labor
availability explained the practice. Wheat strawHaryana came available prior to a rather longlspk
drought whereas rice straw became available whenéht crop (with green feed!) has to be plantdadidy In
the case of rice straw in Haryana, there is simplyime to let the straw in the field and to cdiliecAlso, there
even was no need to collect the straw since theanep of green feed becomes quickly available.

Guijarat (North of Bombay) burned the wheat strawl &ept the rice straw for feeding. It was only afte

3.5 Concluding comments

S

Successes in agricultural development between 1980-outshone the initial trade-offs and
failures of the approaches based on heavy usepafsrand genetic changes. However, many
technologies were system specific and they alssethwnexpected side effects. As these
notes try to make clear, the trade-offs were nagum for these technologies or system
approaches. They reflect general system behavioerta “too much too long”. A range of

FSR methodologies were developed to cope with tlsgs@tions. Remarkable change
approach and thinking about agricultural developmemow taking place in tropical an

in
d

temperate regions. Many of these methodologiedased on insights and approaches from
general system studies, some of which will be dised in the following chapters. Both

successes and failures of these new approachedbbanaecorded.



4. HARD SYSTEM METHODOLOGIES

“I prefer the simple 1+1=2 stuff because that isathcan understand”
Dutch student

4.1 General

One predominant form of systems thinking in maeestn agricultural development of the
past decades is, or has been, based on conceptsatess with hard systems methodologies
(HSM). In essence the HSM focuses on aspects aftéri and it assumes that things can be
known through objective measuremeti: measure is to knowStrange enough, this thinking
is not only used by people from the “matter” or&iun. It can also be found in the more
social sciences that develop long questionnairesstablish details and ultimate “realities”:
we need more data! By clearly defining the systésrhoundaries and the resource flows, the
HSM practitioner hopes to exactly describe a syssem its behaviour. Basically it is the
linear, first order, mechanistic “clockwork” thimlg that — in isolation — is inadequate to
describe agricultural development. Still, the HSIsls hachieved important things and will
continue to play a significant role.

Much of the HSM methodology originates from linesystem thinking around military
operations where no questions are asked and whese targets are set: how to deliver so
much load at such and such a place, how to getem gimount of people shifted from one
place to another etc (Kliz, 1995). In agricultunege questions were: how to get more grain
out of a given amount of solar radiation, how torgere milk from one cow or how to reduce
ammonia emissions. Questions such as “whether’ niwrease individual plant yield,
“whether” to re-organize the farmers’ co-operativ@, “whether” to reduce ammonia
emissions were not asked by the researchers. Hfiethé 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, eachtledm with different approaches,
objectives and problems. Justus von Liebig, ther@er“father” of fertilizers was some 200
years ago a decisive factor to take a more cheymuoathanist look at agriculture in an HSM
fashion. Good standard texts of recent authorsttawee of Odum (1971); Odum (1983);
Blackie & Dent (1987) and Spedding (1987), but ¢hasthors may have probably intended
their work to be less reductionist than how theyematerpreted. The basic definition of a
system in HSM is that:

a system is a limited part of reality, composethtdracting subsystems that have a

common goal, with clearly defined boundaries, tfarmming inputs into outputs, defined

in such a way that the system does not affectitstlmoundary conditions.

In this sense a system is made up of:

- subsystems: at plant or animal or community letielsé can be stems, roots, kidneys,
brains, livers, policemen, midwives, etc.

- boundaries: at animal, plant or community levekthean be the cuticula, cell walls, skin,
the gut lining, the synapses, the fences, the kate-affairs, etc.

- resources: at plant, animal or community level ¢hesn be nutrients, solar energy, feed,
dung, oxygen, information, indigenous knowledgeutg, etc.

The concept system in HSM as well as in the othstesn approaches has an aspect of time
and one of space. In reality the space and timecéspccur simultaneously but the thinking



about systems insufficiently distinguishes betwimse two. Quite often one tends to think
either in terms of space or in terms of time. Systén that sense can be considered as:

- awell definedunit (in space) which remains similar in time (fig 4.1)

- as an established proceduaigprocess typically with a predominant time motion;

- as a combination of the unit and the procassiode

produce
input ——» <
"waste"
Figure 4.1 A representation of a system as a uhgre output can be "produce" such as milk, meais,eg
draught, as well as "waste" such as dung, urirat, he

The distinction between a system as a rather statiicin space “besides” a procedure /
process in time is difficult but important. In awthey are two sides of the same coin and it
suffices to say that a cow or a plant or a farma @ommunity is often considered to be a
system as a unit, by the more HSM oriented pedplaeality” any system is a combination
of the “non-existent — either — unit — or - pro¢essnstruct; the combination is here called a
mode in space time. In practice, however, it maybige useful to think sometimes in more
static terms. A city or legal system or even a faan for many purposes be thought of as a
“static” unit. On other occasions one focusesh@nprocesses, 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, itsifmaries, inputs and outputs, but it is
important to understand and to remember that &y& defined by the observer (=cognitive
agent). The observer makes choices or follows ltoéces of others, thus affecting the results
of the analysis. A system is not an objective “stmmg”, but it is a construct in the
researcher’'s mind. Moreover, systems can be senatter”, i.e. as something concrete (e.g.
a pig, a coconut, a dung heap or a farm), systésoesexist in “mind”, something “abstract”
(an opinion, a belief, a philosophy, a myth). D#fon of what is meant by the “the system”
is therefore necessary to avoid confusion buti @letermines the outcome of the analysis by
side-tracking the other ways in which the issudate analyzed.

4.2 Reasons and methodologies to describe a systeéhe use of models

A major reason for systems work is that one wamtsnderstand how systems function, and
/or how they will behave for “better” or for “worsen the future with / without intervention.
System analysis and design is done to address idmaEs and models are important tools for
this type of work. However, there is a wide ran@ienodels possible, visual, mathematical,
artistic etc. Even analogies and metaphors are Isiotheey are another illustration of the
fractal notion that form repeats itself. Here wecdiss some forms of HSM models in greater
detail, while stressing that models are always Bfiogtions. Models are used in HSM, SSM
and CSM, and in daily life of the latter they aegtularly known as analogies, metaphors or
parables. Due to the inexact nature of the lattewever they are not well recognized by
HSM thinkers as being “scientific”, but that is atter 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.



The significance of these metaphors is further @red in the CSM chapters, here we focus
on some modelling tools of HSM.

An essential element in system analysis of HSIVhés itlentification and definition of key
factors such as subsystems, boundaries, resooms #tc. in the organizational pattern of a
system. And at the start of a system analysis tbation of an explorative model of a system
is an important first step in ordering one’s thaisglA representation of key factors in an
explorative (dynamic) model can be outlined withsa diagrams that use arrows (if possible
with a plus or a minus) to express respectivelglative increase or decrease. The example in
figure 4.2 shows that feeding of grain stimulates growth of chickens and consequently the
production of eggs, which brings in money and whigkes care of the continuation of the
chicken population. The system is controlled beeaars increasing number of chicks and
chickens produce an increasing amount of manutedéw@eases the amount of money earned,
but also because of a decreasing availability aingwhen the number of animals increases.
Arrows with a “+” are called positive feedbacksroavs with a “ - ” represent negative
feedbacks.

/, MANURE \‘
/\ .

MONEY EARNED
GRAIN \ GHICKS + (’x / i

EGGS

A

CHICKEN

\{)
MANURE

Figure 4.2 A causal diagram of an egg productistesy

A more formal way to describe a system is to use sesymbols with a specific systems
language (Table 4.1). Many such systems languagst both qualitative (word chains and
symbols) and quantitative (mathematical equatioSsyeral symbolic “languages” exist but
we chose to discuss only one of them, the one lyn©d

The symbols in Odum’s energy language in Tabledédcribe subsystems and interactions

according to their basic functions (see Figureah@ 4.4).

- Circles represent external energy, material and informagmurces. Such external sources
can be solar energy, auxiliary energy sources fidssil fuels or nutrients in artificial
fertilisers. Circles at the same time representre sinks, for example a market where
products are delivered to, or groundwater resesy@ihere nutrients can leak to.

- Bullet-shaped modules are autotrophs, one of two major biotiangonents in
agricultural production systems as well as ecosystéAutotrophic subsystems are self-
maintaining units able to fix light energy and tmguce energy of a higher quality, such
as food, from simple inorganic substances (e.gemvaarbon dioxide, nitrates) by the
process of photosynthesis. Generally, the greentpla vegetation on land, algae and



water plants in aquatic habitats — constitute theoteophic component. In Odum’s
thinking these organisms are considered to be geydu

- Hexagonsare heterotrophic systems which utilize, rearraragel decompose material
synthesized by the autotrophs. Fungi, non-photb&yrat bacteria, other micro-organisms,
and animals as well as humans are all heterotrophiese organisms may be thought of
as theconsumerssince they are unable to produce their own fautithey must obtain it
by consuming material from other organisms. Theirottophs can be further subdivided
according to their source of food energerbivoresor grazers feed on plantsarnivores
or predatorsfeed on other animalsgmnivoresfeed on both plant and animals, and
saprovoreglargely micro-organisms) feed on decaying organaterials.

Table 4.1. Symbols used in Odum’s systems language

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

Producers (or autotroph) : converts and
—’D—' concentrates solar energy

Consumer (or heterotroph) : uses, rearranges and
/ or decomposes converted energy

with heat sink that drains out degraded energy
according to the second law of thermodynamics

. Passive storage of energy, matter or information

Price-controlled transaction : money (dashed line)

flows as a countercurrent of energy, material or
4@ 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-groued haat sinks
(dissipating degraded energy after its use in wask,required by the second law of
thermodynamics; see Ch. 7). Further, two formstdraction are represented.

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

- The diamond-shaped symbolis used for a price-controlled transaction, wher@ney
flows (money flow represented by a dashed line)aasountercurrent to materials,
information and all other quantities used. Moneygisen out for goods purchased
according to a ratio known gmwice. The price, in turn, may have regulator mechanisms
operating, mechanisms that may be external, suahaakets. The symbol may have a
heat sink that indicates energy costs of the tdima accounting for machinery or



business. Figure 4.3 shows a flow diagram baseth®mrausal diagram shown in Figure
4.4,

A typical Odum diagram is shown in Figure 4.8, whtre energy language portrays a mixed
farming system. Crops (autotrophs) produce foodnfrsolar energy, in combination with
nutrients and water under human management (theefaas a system controller). The food
produced (farm output is the form of animal produand crop produce) is stored and finally
sold on the market in exchange for money or consubyethe family. The earned money is
used to buy fertilizer or concentrates. Nutriend aater storage (in the soil) are maintained
partly by rain and rocks, partly by animal dungd gartly by fertilizers bought. Output of the
system is further determined, next to animal préslaad crop produce, by run-off (i.e. heat —
or waste — dispersion). Comparison of this floagdam with a “real” farm suggests that the
diagram could have been drawn in many differentsyand more or less detail. Simple
models are retained easily in the mind for overgiewnore complicated models are
sometimes required, e.g. for computer simulatiohgeal events. The purpose and the
researcher of the model determines what is included the choice of the model co-

determines the outcome.
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Figure 4.3. A flow diagram using symbols of theteyss language to model the egg production systefigoife
4.4 (Note that this system appears to be repragastéeing “closed”, but circles are source as agHink.
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Figure 4.4. A flow diagram of a mixed farm aﬁyisygnbols of the systems language



4.3 Concluding comments

The early origins of HSM can be traced to the wofrlpeople like Descartes and Newton a
few centuries ago. They reduced systems to padsiample relations thus leading to a sort of
clockwork concept. The more recent roots of HSMii¢he realities, needs and mechanistic
thinking that occurred around the Second World Witagot a boost in the successes of the
green revolution. Indeed, the conditions and timglof a war, or “fight against hunger” led
to clear and straightforward problems to be solV€dntrol” was a key concept, no questions
were asked and not much time is taken to thinkoofylterm consequences. Early system
analysts were told by military chiefs to find a wkytransfer a given amount of cargo or
arms, they were told to design such and such alarepor to deliver a particular load of
explosives to a given enemy town. Later on, thegeaaches were also applied to problems
of industrial design, to so-called social enginegand to issues of food security, agricultural
policy and resource allocation (Klir, 1994). Allsdgn processes of the hard system tradition
therefore ask for a clear goal / objective, thepklat what is available or at what can be made
and they find a way of getting there quickest. &ystmethodologies such as linear
programming were developed in that same atmospbie&'WII, just like the science of
logistics was started in military circles of Napmbe

The usefulness of HSM lies particularly in its tendy to ask clear questions, and in its
capacity to give clear views on issues. The stteagtl weakness of HSM is its "belief" in the
existence of "hard facts", and the reductionistimamistic and positivist paradigm which
assumes that measurements are made independkataifgerver. In other words, HSM alone
cannot be enough for a comprehensive approachsterayanalysis and design in a reality that
includes different perceptions and conflicting rptetations. 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 whist”
(paraphrased from Checkland)
... “whatever you do, go ahead but | want nfjtd&Rbe reasonable”
biometrician during seminar in Kenya

“We did a large survey to establish the real coasitts in the village”
French consultant

What should have come first has come second and eémae second should have perhaps
been first, or is the other way around? The pairthat one should look for a better balance in
the criteria for system analysis between hard arft] between matter and mind, between
static and dynamic. Some HSM practitioners findifficult or impossible to get started on
SSM related activities. They think that SSM is Slesientific" or “too philosophic”. In the
same way, however there are sociologists thatifihdrd to work on clear questions and hard
data as is done by the HSM people. Indeed, SSMttemark with qualitative and subjective
analysis on unstructured problems without cleasgtregyoals. SSM does value qualitative
information and it has developed a set of methodsandle it. However, SSM values both the
use of quantitative and qualitative information wdes HSM tends to mainly focus its
attention to quantifiable issues. In that sense 8N be seen as a more holistic approach
than HSM because it takes a broader look at thifilganks to its methodologies the SSM is
also better able to work in “vague” or "unstructlirsituations where it can help to define the
problem as perceived by the different stakeholdEng. perception of the issues by different
stakeholders is crucial in SSM. It stresses thHierint people, organizations, components,
subsystems etc. have different perceptions oftyegig 5.1). It also stresses the need to take
account of feelings rather than only hard "facls"that sense it might be seen as an attempt
to re-establish the link between issues of mattel mind, issues that were separated by
Descartes and his successors.

5.1A system analyzed and defined in SSM

The SSM is particularly developed to allow the hanedement of systems that is typically
unstructured and poorly defined, to be incorporattd system design work. SSM may be
used to analyze any problem or situation, but imisst appropriate where the problem
“cannot be” formulated as a search for an efficient meanscbiexing a defined end; a
problem in which ends, goals, purpose are themsgdk@blematic” (Checkland, 1981, p.316).
SSMin its idealized form, is described as a ldgsemuence of seven steps (Checkland, 1981
fig. 5.8). That are recognized in the steps of BSR
© 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, andgraktion.
The details of this approach one well describe hgdRland (1999). Here we focus on some
underlying notions on “system” and goal definitipas well as on some tools for qualitative
analysis.



the cattle specialist

-

the ecologist ] the agronomist

Figure 5.1. Perceptions of reality by differentiésdific” trainings (NUR 1994, quoted in
Pearson & Ison (1997)

While incorporating more "if's" and "but's" and bgxplicitly working with different
perceptions of different stakeholders the SSM hastheer approach than the HSM to the
definition of a system and the boundaries. For eptanR6ling (1994) states:
a system is a construct with arbitrary boundari@sdiscourse about complex phenomena
to emphasize wholeness, interrelationships and gem¢properties.
The concept goal of a system tends to also be appead differently in SSM than in HSM,
e.g.,as phrased by Engel (1995) based on the work e€kandc.s:
a system has no goal, it is given one, dependinfy@context and stakeholders.
The point of the SSM in system- and goal-definiisnhowever, not that one can be "happy"
with "sloppy" definitions as may be implied in fi§.2. Rather, SSM allows for more than one
definition while insisting on clear descriptionsr feach of the different perceptions. The
concept of “multiple reality” is illustrated in theext quote on the Australian Landcare
program, a sort of an “environmental cooperativeittis a typical example of systems work
in agriculture based on SSM:
to some Landcare is potentially the most influéntigal organization Australia has ever
produced. To others it is a government-inspiredlmasm to achieve federal land policy.
To yet others it is a community attempt to wrestrab over farmland from individuals
who value their personal freedom. Several prodggeups have voiced the opinion that
Landcare is no more than the rural arm of what teeg as an anti-producer 'green’
movement. The politically minded have regarded ctarelas no more than a novelty



which is a useful vote-getter in the present emrimentally-aware era, but which is too
superficial to be permanent (Roberts, 1998ee also figure 5.2)

5.2Perceptions, the fishnet and praxis

The issue of different perceptions and their eff@ctreality illustrated in figure 5.1 is also
expressed in the so-called fishnet metaphor (frassFAsh by) :
A biologist goes to fish in a lake and after measgithe catch in the net he states that:
“all creatures in this lake are at least 5 cm iradieter”.

Clearly, the biologist's measurement is affectedhgymesh size of the net. But that problem
cannot be solved by taking another mesh. It simpiplies that one’s choice for the
measuring tool determines the result. To cope Witk problem SSM distinguishes several
stakeholders and their perceptions whereas HSMstémdise different scenarios based on
numerical values. To avoid that pure academic viim&omes too much separated from real
life Checkland also stresses the need for “praxig&nsive exchange and interaction between
“lab” and “land”, theory and practice.

State and Regional
Assessment Panels

State Government

Landcare Groups rural
\ / and urban

Queensland Landcare
Counsil

Industry
Groups .
P I Evaluation of ——___| Integrated Catchment
ntegrated Catchmen
Landcare Management Groups
A
Conservation /
Groups
Local Government
National
Common Wealth Government Landcare
Advisory
Commity

Figure 5.2: Diagram showing different stakeholdersANDCARE

5.3The complementarities of SSM and HSM

Before explaining how SSM tends to use qualitainfermation about multiple realities we

make some caveats regarding the difference bet@8&hand HSM:

- the distinction between HSM and SSM is not a dedra fuzzy one;

- SSM and HSM are complementary. In fact, SSM caimcla encompass HSM but a
discussion about that issue is not relevant at fosmt. More important is that
interpretation of quantitative "hard" data can im@tioved by using qualitative information.
For example, the interpretation of quantitativeomfation about whether grain yield and

“ Roberts B (1993) 'Owning the problem, owning tbieiSon — Australian Landcare as a change agetuim J
(1993) Proceedings of Australia Pacific Extensionference, Surfers paradise, Australis p.466



hours labor worked are "good" or "bad" is helpedkibpwing whether or not the farm
family is "happy" with the yield or not. Qualitagvnformation about "happiness" can be
very useful even if it cannot (yet) be expresseexact "objective” numbers.

- bhard data are as hard and objective as one wishbslieve. This is illustrated in the
fishnet metaphor and it will come back in “the desb of the coastline”. SSM stresses
that the observer makes a “moral” choice for on@ dew out of an infinite number of
measurements and perceptions, well knowing that ¢hbice determines the result. In
other words, the observer is part of the problenh anseparate object.

- many things that can be quantified nowadays coatdore quantified in the past and their
quantification continues to be “improved”. Good ex#des of things that could not be
characterized in the past are bio-physical onet sscsoil fertility, nutritive value, air
pollution, food-quality etc. Examples of socio-eoonc aspects in agricultural
development are issues such as stress, "healtld@h aéconomy, etc. In addition, the
scoring techniques such as explained in 5.4 prawidiay to quantify vague things.

5.6 Concluding comments

Not everything can be quantified (yet), qualitativdormation can be important and
perceptions about reality change between stakelwlaoe space and time. Therefore it
becomes imperative to develop methods to generaterpret and handle such “soft”
information. The methods described in chapter 7 m@melpful in coming to grips with the
analysis of complex issues such as regularly ogtagricultural change. They are part and
parcel of a participation approach. They are basedsolid theory regarding multiple
perceptions, systems hierarchy and system-dynaamdsthey can be applied to analysis of
industrial, agricultural as well as societal probg at all levels of system hierarchy. The big
difference between the hard and soft approachH@sgever, in the fact that the hard approach
tries to establish objective / positivist valueslyowhereas the soft approach thinks in
constructivist terms while also valuing change qudlitative information.

The development of SSM originated from the HSMuial to solve complex problems in
postwar business, factories and societies. Thes@lgmns are found particularly in systems
where humans and their perceptions are involvedhere several systems interact. SSM does
not work with single solutions, it considers thesetver to be part of the problem and it
considers problems to be "learning systems" ratih@n well-defined sequences of distinct
steps. After “defining” the problem situation SSMncmakes use of various HSM methods
such as Linear Programming, etc., to study a (rafiggolution(s) for the issues at stake.

The term "learning system" implies that the knowlednd state of system and goals change
during the process of observation. SSM works on pghamise that the measurement is
affected by the observer ( = cognitive agent),dyethe fishnet used. The observer decides the
definition of the boundary around the house, thimnfand the villages, or even on boundaries
within the village, the farm and the house, e.tpn@ gender lines. In terms of SSM the
observer is a part of the system because the faphes something different for the scientist
(an agglomeration of molecules, enzymes, tree spemd parasites), for the farmer (the land
of his/her parents, the place to feel safe, toageincome and to raise children) and for the
policy-maker (the unit of production that has t@gwce food and that is asking for higher
prices). The observer is also part of the "probl&®cause while observing he/she affects the
outcome. For example, people in a community tenénmw very well what the visitor is
interested in. When a veterinarian comes to a mgedtie community members will talk
mainly about veterinarian problems (the vet onlydeto be interested in that also), when a
doctor comes to a meeting the audience tendskabalut the health problem, headaches etc.



Summarizing, SSM operates on the principles théesrning) systems:

- the problem-statement needs to be analyzed froraralegides because it affects the
outcome of the research;

- the observer is part of the problem and the salutéog. through the unavoidable choice
for the fishnet;

- there can be more than one solution;

- no final solution / goal exists since the perceaptid the "problem" changes during the
analysis.

SSM helps the HSM by determining the prioritiesstake and HSM can help SSM to

establish, a range of “mechanical” solution. Howewveither can predict the future; a topic

for the next chapter on CSM.



6. COMPLEX SYSTEM METHODOLOGIES

In the previous parts we went from the relativaaiaty and rigidity of HSM to the flexibility
and creativity of SSM. We now proceed into thd gtieater uncertainty of complex-system
thinking. To complicate matters further we hopet tine understanding of system-behaviour
will become easier (=simpler) if we better apprexigs complexity. That is the challenge of
the very recent science of complexity: to simpthg complex.

One of the problems with the new approaches isthiegt use many different terms for similar
concepts. Complexity-theory is also known as chlthesty and as non-linear system
behaviour. We will avoid the term chaos, but thenteomplex system behaviour will often
be interchanged with non-linear system behaviosabse both terms relate with unexpected
change in systems. Another problem around compiegithat it involves yet another step
from apparent certainty and hard facts. SSM intceduaspects of uncertainty and multiple
realities, but complex-system thinking even monelines the acceptance of "uncertainty” as
a guiding principle. For HSM practitioners this uggs a paradigm shift that includes the
study of the effect of the system on its surrougsdifrelations) and the context, besides the
SSM's effect of the beholder on the observatione Thportance of context and cognition
(the "knowing" by the observer) was introduced v8tBM, 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 graent are complex, i.e. they hard to
define and highly interrelated. The introduction(fl@rming) systems research was due to the
effect of context and relations that made it imgaesto establish simple technological fixes
that would be useful regardless the context. Caiscepch as sustainability, biodiversity,
development, progress etc. are all open to sevetalpretations, and determined by the
choice for scale and level of aggregation. We Wwdle focus on behaviour properties and
tensions of complex systems that will help the eeaish recognizing and understanding
patterns and processes in nature and society.

6.2 Learning about system behaviour and propertiegjse of analogy and models
Behaviour is a well known concept if we think ofopée and animals and even plants. But it
may not be such a clear concept — at first sighhen we talk of systems like farms, regions
or companies. Still, all systems at all levels hallesorts sort of behaviour that can be
generalized for many more systems, for example:

- a village can depopulate, it can be vigorous, hapghgious, resilient and/or stable, or
else, a village can even be ‘sleeping’

- people grow, they can be angry and they can Iz the same time, they can be slow and
quick to respond, they can be trained and untrainege or used things..

- cows are pregnant, lactating, they can learn, ttey be in stress, they can be slow-
milkers and/or ill ...

- Farms can grow, they can be productive, they camjehey can be under stress, even
angry or ill or dying.

- Plants can grow, reproduce themselves and defemdsiilves.




Indeed, if one wants to investigate the behavidwystems it can be useful to take behaviour
of people (or animals) as analogy, a “model”, atap&or”’ or a “homomorphism”. Based on
such models one can (deductively) wonder how a&sy#tats, how it dissipates heat and other
“waste” products, how it “perceives” its surroungsn how it learns, how it reproduces etc.
Such analogies can be taken at several (fractadldewhat happens at one level may also
happen at other levels, for example:

- how do people (or societies) organise themselves roups),

- which kind of “carrots and sticks” are useful ferimals, people, politicians

- how do people cope with stress,

- How do regions cope with stress (and: how do teeggnise stress?)

To be creative and to ensure relevance of choseavimir one has to take several systems as
“analogies / models” (and stakeholders for morecggations). For example, one can study
animals to understand people and one can studyagtmunderstand people. Many types of
models exist, drawings, statues, mathematical nspgéitures, thought experiments etc.

Several messages are implied in this introduction:

- System behaviour has many aspects and it can baltsin an infinite number of ways.
This aspect of system behaviour that is a “compbdsif several characteristics is called
an emergent property or emergent behaviour

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

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

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

Exercise 1.1Mention 5 kinds of behaviour of livestock systdmashave not yet been mentioned above,
divided over at least three system levels (sp&udyevels).

Exercise 1.2Give examples of at least 3 forms of system bebathat people on your group would not
have thought of before “learning” to look at theHaiour.

Exercise 1.3Give an example of how agricultural productiontsyss change over space; you can take a
crop or dairy system on any space scale, e.g., Boada to the North via Woerden, Loosdrecht and
Biddinghuizen to Giethoorn, Dwingeloo, Westerkvearéind Bedum. Use at least five characteristics to
describe the behaviour of that system.

Exercise 1.4What could be an analogy of fever in a pig atléwel of a herd, a farm, a village and a region /
nation?

6.3 Behaviour, properties, development, evolutionrad co-evolution; some patterns

The terms evolution, development and co-evolutiadosely related with “behaviour” and

“processes”. Disagreement on terminology can be tudevel (in space and time) of

observation. E.g., the evolution of an animal papah (through natural / artificial selection)

occurs at herd level, while animals themselvesasgmt an evolution of the “combination” of

individual organs. Typical mechanisms of systemettgsment are those described by Darwin

and Lamarck, more recent ones are termed co-ewolatd self-organisation.

- Darwinian approachésstress the effect of natural selection on a wariétforms where
the internal causes of variation itself are notlwelderstood. The “inheritance” of this
variation and favourable traits is assumed to ngadpkrate through internal genetic codes.

® In a narrow definition of Darwinian thought thaasv“invented’by Darwin’s students, not by himself!



The work on DNA to “improve” the production of maior milk sits typically in that
tradition which expects improvements from within & sort of mechanistic wdy)

- Lamarckian traditionsconsider the context as co-cause of variation, it.attributes the
causes of change (not selection) to inside andideufgctors. In that case, a constant
selection pressure of taller growing trees caneg@airaffe to get a long neck. Similarly,
a blacksmith who wields a heavy hammer will eveliyuget a son (or daughter) with
stronger arms. These examples may be outdatedhéytllustrate that the evolution in
Lamarckian sense is based on the concept of “aatjwharacteristics” which is more a
“holistic” process where system and context evdbgether, particularly in the learning
effect that the environment has on the evolvingoigm. An animal that passes immunity
or learning behaviour to the young is an exampliisfLamarckian mechanism.

- Co-evolutionis a kind of Lamarckian mechanism where the syggmmal, farm, village
community ..) shows a behaviour (at least partlp assponse to environmental pressure)
which is then accepted by the environment and w&esa, a process in which “system and
environment” then get “locked” into a narrow evodmiary path. This is a case of
“irreversibility”, typically occurring where insestand flowers specialise “towards-each-
other”, where rumen bugs live in symbiosis with theninant. In non livestock systems
such lock in (path dependency) occurs in the ralkwof a train system, the standard
quality norms, the peer review system and the QWERystem.

- Emergence(also called self-organisation or auto-poiesislaiprocess where systems
shape in a sort of standard pattern, without appigréeing controlled from inside or
outside in a predetermined way. It operates at leadly on the basis of probability (an
important concept that is also apparent in the iegidn of thermodynamic theory).
Basically this mechanism is a mix of Darwinian, lamckian and co-evolutionary
processes. For example, soap bubbles form in @&glbépe (not square or cubic!) because
other configurations are possible but unlikely ba basis of laws of physics that govern
the relations between the molecules. Similarly cag see unrelated animals or plants
develop into similar forms (the marsupials and thammals), technologies occur at
several places (independently of each other), amaillouds form independently of each
other according to conditions of relative humiditgmperature and air pressure. A
practical example is the “eye” which “emerged” savdimes during the evolution, in
independent events; or the “hard skin” (eelt) ie tand of a person that does much
manual work. It also occurs where a law has arcetipposite of what it is supposed to
do, for example, the law or regulation wants touasdnitrogen flows but it can actually
increase the flow or have unexpected effects eleewliStill more practical, one can see
the formation of mixed farms in resource poor ctinds and in resource rich conditions
after eutrophication sets in.

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

Exercise 2.2Give one example of Lamarckian evolution eacanal, farm, and regional level

Exercise 2.3.Give an example of co-evolution at chicken, famd aonsumer level (you may add an

example from other animal species, but | like thiglen for a change).

Exercise 2.4Give an example of how Darwinian and Lamarckiaguanents affect thinking about the risks
of biotechnology, or about the risk of for examipte®t and Mouth Disease

Exercise 2.5Give one example each of emergence at plot, at &ard regional level with accompanying
policy conditions.

" Assuming conditions dteteris paribus’



Changing properties

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

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

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

6.4 Typical patterns in system behaviour

Overview

System behaviours are all around and once we staihg them there is no end to them.
Typical patterns of system behaviour are; we inteémdjive “characterisations rather than
definitions™

a. The butterfly effectuncertainty about the initial conditions (see #ssumptions by
Laplace in the quote at the start of this chapter).

b. The ‘lock-in’, i.e. positive feedback and the delay betweeroaand reaction. This
occurs, for example, when a society is stuck wghrifrastructure, or when a business
is stuck with an investment or attitude that préseadaptation to changing contexts
(Box 3.2)Lock-in or path-dependencenplies that systems can start to develop in a
fixed direction that prevents change (Arthur, 199)r example, use of specialized
machines results in crop-choices determined bypegemt-economies, rather than by
water-use efficiency that initially may not haveehean issue. Research traditions and
peer reviews can lead to similar lock-in. Likewikiss of local seeds or landraces can
result in “lock-out”, i.e. making it impossible téreturn” to previous systems.
Importantly, lock-in occurs in both HSM and SSM esg of mixed farming, habits
can result in from machine-choice as well as fraouired mindsets!

c. Non-linear system behavioas a consequence of the fact that a given systete of
growth depends on the context and condition of $gatem at the preceding moment.
For example, the growth of an industry, or planaoimal population, depends on its
size at a preceding moment and on the past, prasdrexpected resource flows (Box
4.6). Thélearning of a system depends on its previous experienedstians exist
between past and present contexts and systemsliridam- system behaviour is
discusses in more detail in 3.2

d. Relations between sub-systems as well as betwstnsyand their contex{Box
4.2). A change in one part affects other partst ihahe holistic aspect of complex
system thinking going beyond Newtoritsvo-body simplification. For example, the
decision of one farmer to plant wheat may dependtbers deciding to do the same.
And new varieties or cropping patterns eventuaffgch ground water levels, social
organisation, and so on, well into uncertainty.

e. Communal ideotype (as opposed to an individual ys®trefers to the tension
between high individual yields and plot or herddse i.e. the choice for yield of parts
rather than of wholes (Jones and Sandland, 1974al0p1981; Schiere et al., 1999).
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To utilize the potential of a mixed system at arfdevel one may indeed have to
adjust the yield of the sub-systems (Table 9; Bgd6). By extension, the single
attention to grain-yield may go at the expenseodf@ganic matter, and attention for
animals may go at the expense of the crops, iitiay both the need and difficulty to
use the triple bottom line. The notion of the comaduideotype also provides
additional explanation for the fact that some mikéessings of mixed systems occur
at both sides of table 2 where the general invgndoes not specify level of system
hierarchy at which the mixed blessing occurs.

The algae principles apparent in many graphs in this chapter, e.§git, 9 and 10.

It describes how ‘simple’ systems need less maarte®, but are also less capable of
processing resources. In other words, at low resofluxes like <500mm rainfall,
only sparse rangeland vegetation can survive feriusivestock production. At higher
resource fluxes it is possible to have more output,the organisms that process the
resources also need more maintenance due to tigherh‘complexity’. In the
simplified case of figure 1 the crops do not groellat <500mm rainfall, but at > 500
mm the crops process more resources than the gralse principle was found by
Elenbaas (1994) for green and blue algae. Muchtifil of it can be generalized since
it has explanation in thermo-dynamic theory (Sahitral., 2004a).

Predator-prey cyclegefer to conditions where consumers, politicianmgjividual
farmers, plant populations or animals act as poedain the resource base. Notions
like stability andresilienceare related to these behaviors in which stabibfigrs to
the pressure a system can take before breakdownnamhich resilience can be seen
as the capacity to return to its previous stateratbllapse (Holling, 1973). The
predator prey cycle occurs where foxes prey onitahtut also where farmers reduce
their grazing and/or cropping pressure to makeréiseurce base survive (Noy-Meir
and Seligman, 1979; Heitschmidt et al., 2004; BeynlL994). One way to “survive”
in a stressed mode is to adjust behavior, mindsetpaoduction process, a form of
learning that applies to both biophysical and satilbural aspects of farming
communities (sections 3.5.2; 5.3.2 and 5.4.3)

. Fractal behaviorrefers to repetition of form and processes at maysgem levels in

space and time (Mandelbrot, 2000). The fractal neatnf mixed farming systems
shows where a system is mixed (in space) at aniptaht, herd, plot, farm, village,
regional and (inter)national level (section 2)time it shows when (ir)regularities of,
for example nutrient uptakes, occur in hourly, ylaiweekly intervals etc. Mixing at
higher levels of space can have advantages, bemdis to be more energy intensive,
because of the costs for communication and the t@edcycle resources between
parts at larger distance (trucks replace oxcarniscamgbaskets). Thus, it should be no
surprise that cheap energy shifts mixing into higleeels of system hierarchy, e.g.
from on-farm mixing in low external input agricuteu (LEIA)(with little energy) to
interregional mixing when specialized high extermgdut agriculture (HEIA) farms
dispose nutrients to cropping systems at largeamnice (table 3 and figure 5). A good
case of mixing in time is a plot that has wheabme year and that is fallowed in the
following year.

Predator / prey relatior{see box 3.2)

The adaptive cycle and K- and r-strategisse box 3.4)

Algae principle(box 3.1)

red queer(box 3.5)

nearities

nearities is a term that aggregates proceisasdo not behave in a straightforward

manner. They include curvilinear responses and nudenges e.g. where pastoralism is



replaced by mixed farming when rainfall exceeds B00. Economists call this ‘break-even’
points, but non-linearities also occur beyond eaoios. They can be both nasty and pleasant,
depending on the stakeholder and his/her mindseprbing visible when considering the
effect of more than one driver at the same timas Té away from a specialist focus, and
towards the integrative approach that looks at dbmbination of fertilizer and planting
density, rain, markets and population growth. Noedrities are inherent in work and
mindsets for mixed systems, and in the use of fiipketbottom line that pays attention to
several criteria at the same time. In fact, linealnaviors do not exist, just like ‘non-mixed’
systems do not exist (section 2). It can be udefalssume linearity over a narrow range, e.g.
to establish how much water is required per graphoto-synthesis, or labor required to milk
a cow. But non-linearities are rule, no exceptidhey deserve more attention in research,
teaching and policy making than thus far. This isecfirst reviews a set of simple and
common sense non-linearities with relevance foreahisystems. It then discusses specific
cases of non-linearity in mixed systems at ploerdh, farm-, regional and national level to
illustrate the general validity, excitement andligmge in these notions for future work.

Examples of non - linearities

The following examples on non-linearities rangesrfrcommon sense to far-fetched and it is

sequel to the part on repeating behaviours.

a) non-linearity in a very basitorm occurs as convex dose response curves (Jigvhére an
initial response to an input like for example njea tends to be high at first, eventually
tapering off assuming other factors remain unchdngehis illustrates, as important
sideline a major difference between on the one Hiaear (equilibrium) approaches that
think in terms of ¢eteris paribus(all other things remaining the same), and nowedir /
non-equilibrium approaches on the other that thmkerms of teteris non paribus(all
other things changing).

b) non-linearity as mode changecurs when one response curve intersects witbandeone
(fig. 16). This requires a ‘choice’ by the farmer policy-maker) to decide the level of
input as well as on the type of crop or animaldéaubed. A typical case was figure 1 where
‘farmers’ have no reasonable choice to mix anin@lscrops below approx. 500 mm
rainfall, but beyond which ‘he’ can chose betweeops and/or livestock. Note that the
range below 500mm allows choice to mix animals.sTiepresents fractal behavior, i.e.,
repetition of behaviors at various system levelemghthe choice of animals or crops
becomes a choice for animal A, B or C (sectiond}.4in case of such non-linearity a
policy maker at the regional level can avoid orede@te mode change, deciding for higher
/ lower resource flows in the region, e.g., by sdilzsng or taxing the respective input or
output. Choice by farmers at the plot level ocamngre higher plot yield in fig. 16 is first
achieved by denser planting, after which it is oathieved at the expense of individual
plant yields according to the principle of the coumal ideotype (section 5.4.1).

c) non-linearities as small —chance- events thatehlarge -irreversible- effect®\ particular
system (farm, region, animal or crop) may be rathable over a given range of drivers in
space and time. A freak weather pattern or wroaglirgy of long term resource patterns,
however, combined with for example persistent oraigpg, excessive cropping or
political change can trigger irreversible procegsestion 5.3.1).
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Figure 16: Non-linearity in plot and individual playield (left) showing how progressive
increases in planting densities affect individuahp performance (based for crops on
Cocks, 1985; with striking similarity for livestody Jones and Sandland, 1974). The right
hand graph illustrates non linearities in a morgid#orm of the algae principle (3.4).

d) differences often increasather than to diminish. For example, a farmer HIA.systems
where dung is scarce (table 3) is likely to apply lung and/or irrigation water around the
plant only, or on soils that yield most. Thus, pagoils get less while they would need
more for sustained farming (P. Motavalli and M. &gl pers. comm., 1992; Giller et al.,
in press). In the same way, animal keepers tegd/tothe best feed to the highest yielders,
and in mixed systems the farmers tend to allocaieemesources to crops than livestock,
or vice versa depending on which part of the whyaddds more (section 5.4.3). In socio-
cultural and political terms, the poor get poordriles the rich get better, especially in
contexts with restricted access to resources.

e) averages vs variatiotdse of averages is a handy way to cope with vanatut it gives
other results than use of desegregated valueseXamnple, feeding calendars based on
average values and availability of crop-residuescaiculate carrying capacity (fig.17),
and nutrient balances differ, depending on theesemed in the study (Schlecht &
Hiernaux 2004). LEIA systems with little accessetdernal resources cannot well correct
local deficiencies of for example nutrients, waiafprmation, motivation and / or skills
regarding the uncertain future. As a result, thapdbe variation in different ways than
HEIA, and even those systems now start to see #alyas of recognizing patchiness
within farms. “Precision farming” in crops involvyefor example, sensing meter-scale
variations in soil fertility, correcting these aettime of fertilizer or seed application. LEIA
systems are keen to “exploit” local variation besmof lack of inputs, cornucopian HEIA
systems are interested in local variation to redueste disposal problems, and an
associated possibility to reduce expenses. Consemnist NCA systems are keen to work
with variation in order to be better stewards adithand. The similarity of LEIA, HEIA
and NCA in this respect was shown already in se@id.5 and fig 13 and 14.

f) issues of scalare part and parcel of the previous point on dsaverages and they also
occur in the difference of between and on-farm ngxffig. 5 a/d). Between-farm mixing
tends to lead to larger plots and herds per faman evhen the total area of one crop or
type of livestock remains the same in the regiond Ane might here hypothesize that
larger scale tends to increase energy costs aeds#isncidence. And of course there are
other non-linearities here too. Financial costs hiodiversity indexes are likely to be less
per unit product, if large scale equipment is usadarger farms. Less farmers of larger
individual scale also cause significant mode chafmm-linearity) in the collapse of
support services (machine shops, post offices, dsholn other words, unintended
degradation of countryside and agricultural proguncimay result from cheap energy, a
typical non-linearity where too little is not goodpr too much (Odum, 1975). An



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

feed

‘&31‘5;) average monthly feeding value
L \ / " average feeding value per year
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Figure 17. Use of averages versus variation inifgecalendars based on a study of mixed
farming in the semi-arid eastern parts of Javaqthasm Zemmelink; 1986). The average
feeding value (as system driver) seems to be goodgh to support reasonable production
levels through the year. Monthly values show, haavethat feeding value in May - June are
below what is needed, even for survival.

g) system dynamics due to different time and speakes.The diagrams with different time
scales at mixed farms in fig 18 shows non-linegsiin the sense that change of climate or
cropping patterns can affect breeding schedules.ekample, a late rain can upset the
lactation of a cow, or labor calendars for localpping and off-farm work. More hidden
and mixed socio-cultural and bio-physical caseglifferences in time scales is where
seasonal, operational and community perceived ficialis” differ (Kersten & Ison, 1994).
Typical biophysical examples of non-linearity ocamhere crops and animals differ in
terms of ‘inherent’ time scales, e.g. where acfdp can process more g@er time unit
than a Gcrop (Hatch & Slack, 1907; Monteith, 1978). Suchn4tioearities also occur in
case of animals, where as their (mature) bodyis@eases, the maintenance per unit body
weight increases with approx. the power 0.75 (AFRED3). Feed intake is proportional to
maintenance, i.e. the turnover per body-mass aitdofinime is higher in small than in
large animals. In other words, small animals hateher turn-over and they can eat more
per unit time and per kilo body weight. Small anisnalso tend to reach their mature
weight earlier and reproduce more rapidly (cf. @aipigs vs. cows). In other words, time
scales of mixing change with body size of anim&lsdden flushes of resource density can
better be used by small than large animals. Thignis reason ‘pure’ pastoralists have
mixed herds of different animal species (goats,s;@amels) with varying time scales and
foraging behavior (P. Leegwater, pers. comm., 1999 effect also emerges in the
choice for poultry as the most appropriate aniroavdlue grain surpluses from ‘bumper’
crops of favorable years and in climatically valealegions. Variability in time scales is
also a major consideration in decisions on theafissmimal manure (or any other organic
nutrient source). Decomposition of the organic mal® and the associated mineralization
of the nutrients is difficult to synchronize withet demand for nutrients of growing crops
(Vanlauwe & Sanginga, 2004), representing an isterg management challenge for
efficient farming. To some extent this can be odfed by selecting a material with
specific chemicals, but the environmental condgiaimat co-determine the rates of
decomposition are impossible to control, partidylan conditions of mixed farming in



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

h) non-linearity as irreversibilitymplies that a given situation cannot be resto&tliations
can bere-created, but not by going in reverse (Scheffemlet 2001). Environmental
degradation, a fight between people based on ardeadt¢ malnutrition, one sided
education and / or competition for resources cad te permanent distrust, again showing
the inter-relations between ‘hard’ and ‘soft’ adgeof system behavior (Van Haaften,
2002). The good news of such crises is that theyatéhthe mode change by adding sense
of urgency, depending on local leaders and luck.

1) Input - output balances and resource .ulgegrated mixed systems re-use nutrients and
tend to prevent them from leaving the system. Adsoimals digest organic matter quicker
than what would happen in composting processes. iplies quicker nutrient turn-over,
allowing a system to more often re-use them as nagcto incur higher losses. In some
cases the trees pump nutrients from the subsall,same crops mobilize phosphorous or
fix nitrogen (Kang et al., 1990; Hoffland et al,889 Sanchez,1976; Ohlsson, 1999). This
higher internal turn-over may help to incorreclyd initially suggest that systems can be
closed, a notion that cannot be true (Von Bertif&lan968). Nutrients can be re-cycled
but some inevitably leave the system in producason loss, and recycling itself needs
energy input, e.g. from the sun.

Temperature-rainfall cycle

T stngn sratiars

Cereal
stubhbles

J J A 3 O M D JT F M A I
ChangLi

Figure 18: Different time scales in breeding, fegdand cropping (Thomson, 1987). A
superscript ‘2’ indicates that it is a crop residhased on irrigated cultivation; the caption to
the y-axes is shown top left of each box.

j) Irreversibility in psychology, soil degradationeme-pools and social skil®Gne typical
example of irreversibility in biophysical terms ee$ to vegetation dynamics in drier parts
of semi-arid areas where the woody component endftnited to bushes. The combination
of deforestation, cropping, mind-sets, politiciaarsd climate can disturb such apparent
“bush” equilibrium, leading to rapid disappearamdethe vegetation that leaves bare soll
only. During intense rain showers, drops are ntaraepted by vegetation but hit the bare
soil and breakdown the soil surface structure amtests that lead to run-off. The bare soil,
although containing seed banks of annual herbacspesies, will have difficulty to
produce a vegetation cover because this crust pievefiltration of water. Neither the
return of high rainfall years nor removal of livesk will easily lead to regeneration of
vegetation, unless “mode-changing- management-ptsiceare applied (Savory and
Butterfield, 1999). In their approach, grazing tetp break the crust, allowing the soil and
vegetation to regenerate if done properly. One tpmmotice here is that non-linearities
(new methods) are sometimes needed to solve preltensed by previous ones. Another



is that animals in such systems are to be valuethé&r ‘holistic’ function, producing meat
as well as maintaining the vegetation. Compellimgl@agies in other sectors of society
occur where the loss of a particular social skjigne-pool or cultural institution leads to
irreversible change, also called lock-out as opgdsdock-in. In terms of mixed farming it
may be more difficult to go from specialized intaxed, than from mixed into specialized,
due to loss of skills, investments in equipment a&wen ‘holistic’ thinking. Keeping
freedom of choice is one of the advantages of migeding . Principles and thinking from
mixed farming have shown to offer useful alternadgivn the case of Machakos in Kenya
and even in the specialized HEIA systems in Wediemope.

Non-linearities, lessons for the future

Non-linearity is the work area where we think thmabst advances can be made. Three
additional cases are given from daily mixed farmpngctice at farm, village and higher levels.
They refer to a scenario study on the communaltyge a remarkable case of differences
and similarities in the structure of nutrient flgvesixd a choice at country level regarding use
of research funds for improvement of either coanséne grains. We deliberately include a

thought experiment in section 3.2.3 to stress &g af reasoning to complement empirical

approaches that are hard and unproductive for sfontdecisions in complex systems.

Optimum vs maximum yields in a mixed system od laidiarm level

The term “communal ideotype” was often used in tthepter of the monograph for the
phenomenon that total system vyield at plot- or hexnel does not always go well with
increased sub-system yield (section 3.4). The jpl&ds illustrated for a case with animals
and crops at the farm level, where milk productidensity” can be considered as a system
driver (Table 9). It was found, unintentionally, Bythought experiment for a hypothetical but
realistic mixed farming system in the semi aridioag of India, north of Bombay. The
calculations showed that individual animal yieldsyénd a certain point resulted in lower
total milk yield of the farm, higher cotton areapped at the expense of a lower area of food-
grain and associated farm income. The main reastimt straws from grains can be used by
less productive animals. The ‘straw’ cannot be uaeg longer if animal performance
increases, and thus the joint value of straw aathgventually becomes lower than the single
value of the cash crop, in this case cotton. théscase of fig. 16 replayed, and similar effects
are reported for mixed farming systems with shegfeat - barley systems in Syria where
lower individual animal yield was needed to achiéngher crop and total farm yields. The
importance of this point cannot be stressed endiwegtause it reflects the use of a triple
bottom line, i.e. a paradigm change essential ttebanderstand mixed farming in resource
poor conditions. It implies a need to seek a nelartzz of attention, towards the performance
of parts, away from attention to parts and indialdyields.



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

Individual System production Herd size Cotton (ha) Total income from
Production (I/day) (cows/farm) See note 1 milk and crop sales
(L/day/cow) (Rs./day/farm)
0.3 1.0 35 0 10.5

2.0 5.1 25 0 22.2

4.0 7.8 1.9 0 30.4

6.0 95 1.6 0 35.4

8.0 10.6 1.3 0 38.9

10.0 10.6 11 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 haj.e., 0 ha cotton implies 1 ha of sorghum, 0.4 ha cotiamplies 0.6 ha sorghum,
etc.; Note 2: cows are “tropical” cows and a milk ield of 10 Its. for a small tropical animal of 350kg is
comparable with 20-25 liters for a larger “temperae” cow; Note 3. Rs is Indian Rupees, at that time WS$
~ 25 Indian Rupees)

Policy choices for allocation of research funds

National policies tend to be based on choices tmmtry level interests and use of averages.
This represents an interesting issue of scale &rdrbhy, i.e., in this case a country is seen as
one large mixed system, and the choice to fundarebdor a particular crop at national level is
likely to affect system efficiencies at lower leweDne case is that crop-insurance for maize and
not for sorghum in the US may be a reasonable ypdimm a national point of view and in
terms of money. But it encourages farmers to groaizen (for its insurance) rather than
sorghum, which is more suitable ecologically anéneenically in drought prone areas (J.
Dahlberg, pers. comm. 2003). Another case is thaidd are often allotted on relative
importance of crops in the national economy, gdlyem@easured as grain output.

What counts again in this case is the use of iipketbottom line versus a choice for single
measurement approach (section 3.1). For exampt@mnahimportance based on grain-value
alone favors high yielding but ecologically demangdigrain like rice or wheat. A choice to
measure a combination of grain, straw and otheuegllike erosion control, resource use
efficiency or rural development might favor sorghumn millet. Particularly if the national
interest includes social / ecological sustainaboit poorer areas one might prefer to spend more
funds on the minor crops. More specifically, thentcdbution of straw to total plant value in
grains like wheat and rice may be around 10 - 2086jn grains like sorghum and millets this
can be more than 50% of total crop value (Schiegt.€2004b). The choice to estimate national
relevance of a crop on grain rather than whole tplaue basis creates a bias towards the
"better” grains that have an advantage alreadyusecthey are grown in the better areas. The
triple bottom line approach inherent in mixed fangnmindsets would further acknowledge that
“better” grains require tractors and fossil fu€l®arser grains like millets in LEIA systems are
grown almost on solar energy alone, e.g. throbghuse of animal traction. They use relatively
little fossil fuel, thus implying different energyse efficiencies (Schiere et al., 2004a/b). The
choice of investing in a better yielding crop rebés the farmers choice to use his limited
resources on either the fertile or the infertiletgection 5.2d).



Box 6.1 The algae principle and niches for organissiand farming systems

The algae principle shows that a minimum inputredrgy is required to maintain the rather simpldesysof the
prokaryotic blue algae. Increased resource fluzad to a curvilinear response that eventually tesulless thar
maximum output. However, a more complex organigmthe eukaryote green algae in this case, neaded
higher resource flux for maintenance, but it alsadpices more (Elenbaas, 1994; Schiere, 1995; Adteal.
1999). The diagram shows that a certain input (})ag required to maintain the form of a giventeys, to
offset or to compensate for the tendency of loass lof form or increased entropy, as implied insaeond law
of thermodynamics. Initially, the output (Y axisicreases as the inputs increase. This continuesr dtearly
up to the point where the organism cannot cope miithe input and where non-linearity starts to show.
proceeding from left to right on the X-axis theaesce flows increase. In that case another systémhigher
maintenance requirements can better use the resfiave in that niche to yield higher output, and so on. The
algae-fractal repeats itself in animals (here coassyl with'improved plant varieties, for example, as resourc
flow increases due to increased soil fertility.

output

Input
Zebu cows Crossbreds Turbocows
on straw on grass on fodder / grains
Millets / rye Sorghum_/ barley ) Whe_at / r?ce

Real life systems often display more irregular bitar than the stylised response illustrated abdver.
example, organisms with a higher maximum efficietign those illustrated in the diagram, would lead
different tangent. However, higher efficiency is&vays restricted to a particular niche (in othehanig they
would have lower maximum efficiencies) and systéinas depend on higher quality fluxes to give higitpaits
may not be the most efficient.

Box 6.2 Positive feedback, lock-in and perverse ggsn behaviour

‘Succességhat reinforce themselves are examples of posidigdback, also called path-dependency or lock
(Arthur, 1990). Lock-in effects can be positivenmgative, depending on the chosen time and spatessof
the context and on the value perception of the weseTypically, lock-in occurs when a system carstuft
from a paradigm and adjusts to changing biophysicabcio-economic contexts. For example, the sscoé
greenhouse farming in the Netherlands is associgitbcthe emergence of a support infrastructuré tinakes it
even more successful, though sometimes also mémenable to stress. Such vulnerability is real whe
consumers get fed up with certain products, ddedd scares for example. Dutch tomato producemsdacich
a challenge when German consumers started to nmigktiae standardised tomato'aster-bomb. In other
contexts, such vulnerability is real enough ingation schemes that initially boost food productionl income,
based on processes that are accompanied by depdétiguifers, social change, and eventuedijapse due to
successThere are dramatic cases of systems'thatri, often in non-linear and abrupt ways. Abrupt |éagn
processes manifest the awareness that one emteexample new ways of farming after a nasty diséfmot-
and-mouth); or a new world ‘order’ after the twowter incident.

Perverse system behaviour is the term used whéarsgsio the opposite of what they are expected tarer
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example, well-intended subsidies to provide prigepert for farmers can obscure true market sigaadslead tq
lethargy, overproduction, and collapse and hardishipe long term. The floor price scheme for Aak#n wool
is a notable example of such perverse system bainavn 1990, the Australian Wool Corporation urslys

increased the floor price of wool, leading to thiéldup of a large stockpile. Eventually, the flgmice scheme
was abandoned and the last of the stockpile wakiis@001. This experience caused the Austral@aemment
to lose faith in commodity marketing boards andaoegulate marketing in agriculture (Chapter 3).

Box 6.3 A simple representation of a one-predatorfee-prey relationship

The phase-space diagram below, also called attrbgt@hao$ workers (Gleick, 1987), is a simple illustration
of a one-predator/one-prey relationship in dynaggjailibrium. It shows how a rabbit population (fhey) can
increase rapidly fromyto t; because at there are only a small number of rabbits, a netadibundance of food,
and few predators. The predator population (forady starts to grow after the prey population hasted to
grow. The number of rabbits continue to grow frqrott, but this growth rate decreases because of ineteas
pressure from predators and/or reduced food supMien the rabbit population remains stable froto t the
fox population continues to grow, even frogtid t; when the rabbit population starts to decline. ghently,
the rabbit population declines further, leadingveaker foxes, and after some time the rabbit pojonldinds
itself growing again with renewed abundance of faad low predator pressure.

foxes
ty

€}

ta

rabbits

Real life situations that resemble this type of elate the decline in quality of resource basestdue
exploitative ways of farming and/or consumer bebawi Degraded sand dunes are part and parcel chDut
agricultural history but occur around the world mgenerally. Even the disappearancectgfan soil and air as
a result of excessivevaste from fertilisers, animal manure, car exhausts @ugo-) chemicals is likely to force
the predator population that is called society mitter modes. Like all models this one simplifies tlustrates
real system behaviour.

Box 6.4. Holling's adaptive cycle (Holling, 1995; @Gndersen and Holling, 2002 )

The adaptive cycle is most easily understood bgramg the' pretzel at the top left, a mode that tends to ocdur
after system collapse and/or sudden influx of resesi( e.g. after a flood, volcanic eruption, déeeautbreak
or political instability). At that point there isralative abundance of unused resources that tsreapby fast
but not necessarily efficient colonisers (the ‘coy) in the bottom left quarter. As colonisers tiply
resources become increasingly scarce, hence codlidno and resource exchange become advantagesas. A
result, the more efficient but rigid systems temdiatke over into the top right quarter. Over thaxzess to
resources declines for individual cowboy type oigians, and connectedness increases, until the systaRks
down again (the bottom right quarter). Importanthe release and reorganisation phase may take lesgh
time than the exploitation and conservation phaséndicated by the different densities of the asio
Moreover, systems will run in different modes a Hame time and at different levels of system hiésa a
plant or animal itself is quite interconnected aad store as many resources as possible, whil@isegimn at
the plot or herd scale may still be relativahefficient. Mode changes occur at the end of each quadrdnt gn
throughout, as well as at different levels of systeéerarchy.
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Box 6.5 Red Queen

‘The principle of zerehangein successate, no matter how great the evolutionary progressguipmenthas
been given the memorable name of the ‘Red Queentely the American biologist Leigh van Valen. In
Through the Looking Glasgou will remember, the Red Queen seized Alicghieyhand and dragged her, fas
and faster, on a frenzied run through the courdgydbut no matter how fast they ran they alwaygestan the
same place. Alice was understandably puzzled, gafvell in our country you’ d generally get to somewher|
else — if you ran very fast for a long time as veebeen doing.” A slow sort of country!’ said theg@un. ‘Now,
hereg you see, it takes all the runnipgucan do, to keep in the same place. If you wagetssomewhere else,
you must run at least twice as fast as that!’

The Red Queen label is amusing, but it can be adsig if taken (as it sometimes is) to mean somgthi
mathematically precise, literally zero relative gmess. Another misleading feature is that in theeAstory the

Red Queen’s statement is genuinely paradoxicalgamcilable with common sense in the real physicald.
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But van Valen'’s evolutionary Red Queen effect isparadoxical at all. It is entirely in accordani¢h
common sense, so long as common sense is intéliiggoplied. If not paradoxical, however, arms acan
give rise to situations that strike the economyjcalinded human as wasteful.

Exercise 3.1Mention two concrete but clearly different exarsgia terms of species and/or hierarchy) of at
least four of these “behaviours” each.

Exercise 3.2Try to mention two behaviours that are not yet rioged, with examples.

Exercise 3.3Mention at least one drawback of these “analogiastl one advantage.

6.5 Impossibilities and coping strategies

Much teaching tends to focus on problems that Is@hations. However, there are many, if
not more problems in life that have no solutiond dhe way of looking at things (mental
models; paradigms) determines the outcome to ndl sxtant. For example, the war in Iraw.
And one can learn tocbpe with impossibiliti€sjust like one can learn to ‘see’ system
behaviour. Quite surprisingly, once we accept finat there is no solution, it becomes
possible to see that there are several copingegiest that range from “give-up”, sent more
soldiers, involve Syria and Iraq, split the courdty.

Box 6.6 A one-problem-one-solution approach versusse of combinations of coping strategies

Teaching is often based on questions and probleatsave one solution (1+1=2). Some problems, hewe
have more than one solutio®(=+2) and complex problems tend to have no solutiBaking an example
from animal nutrition: it is impossible to mix tvieeds, A and B, with 50% and 70% TDN (an energyepl
respectively and 10% and 20% crude protein in sualy as to arrive at a mixture with 60% TDN anéc18
crude protein. Suctimpossibilities are common in examining the trade-offs betweehdriggricultural
production and lower resource use, or mourée value (Table 4.2). A strange paradox in non-lirtkaught
is that an infinite number of coping strategiesarailable once we accept that a particular satugo
impossible (or even if we accept that the solutias an undesirable cost). The choice of the obsenee
again becomes an operative factor e.g. in the idecighether or not the benefit of solutior outweighs its
cost. For example, in the case of the feed mixirig,possible to achieve an infinite number ofdferixes
from A an B if they both contain > 60% TDN and 24 &P.

A coping strategy is a way of dealing with a problie the knowledge that‘@erfect solutiohdoes not exist.
One gains something while losing something; yoim gaay be my loss, or vice versa, some prefer ditgrs
prefer that. In accepting the existence of trads;@ine should ask which set of options is avadldbi
different farmers to cope with a crisis¢luding the option to quit. Complexity and chaos managersgasses
that more than one option is available, none aftie100% perfect for all stakeholders, and eaghleads to
continued system dynamics (co-evolution). The chdngm thinking in terms of one solution towards a
combination of coping strategies requires a paradigift from static towards dynamic thought.

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

Exercise 4.2Given the fact that a well managed farm has td@won to even stricter
nutrient emissions, how would you suggest threengogirategies (one at farm level, one
at community level and one at national level)

® This distinction is a bit artificial here but maimed deliberately to illustrate the kind of difaces



Exercise 4.3Give two more examples of “impossibilities” in Walife of policy setting
and livestock production, each with four ways tpedivided over at least two levels
of the system hierarchy)

Exercise 4.4How would a conventional farmer interpret and reticthe occurance of
weeds and disease on the farm as compared to ewechfarmer?

6.6 Mode changes in agriculture, some examples

Many examples of dynamics and mode changes inudtgnie are known, each caused by a
combination of internal and/or external factordb®&discussed later. A rather random list was
given here, it is not comprehensive. Our aim herwiillustrate the generality of complex
adaptive systems

Europe and Asia

The major changes in the ages before the greefuteroin the sixties range back from the

shift of hunting and gathering into neolitic farmginThat shift intself must have been

associated with a great change in the mindsetiseo$ettlers, the gods. An essentially similar
shift took place around the world, in India (foretlryans) and Western Europe (for the
German tribes) some 3000 years ago when the Anyexved into Northern India and when.

However, the Aryans came in as nomadic tribes vdsetbe Germans must have come
walking in, but that is a matter of scale and nioprinciple. When the Aryans arrived, there

were already earlier settlers of the gangetic glaim place, practicing early forms of

agriculture (Rhandawa, 198.).

In Europe, Charlemagne is associated, rightly @angly with the shift into a two-way system
with a grain — fallow rotation in the early nintlergury (...), away from ..... That was to be
followed by further intensification towards a thweay system that included clovers and stall
feeding in the Flemish system (Slicher van Bathand with the Norfolk system that also
included turnips for the phosphorous cycling (MWe ignore the changes in the middle ages
and during the black death, to see that eventwailly leaps and falls the West European
farming moved into a system that came under gtessssin the end of the $@entury when
cheap grain from overseas instigated the startnobféicial effort at agricultural research,
education and extension. It is curious to seerimgeof agricultural R&D that the Netherlands
in the early 18 century saw the rise of ‘enlightened’ landlordsovgort of top down defined
‘better’ farming practices that were out of readn most of the farmers (...). They were
succeeded in the end of the™&entury by village schoolteachers, docters anpifeachers
from less noble offspring that managed to commueitetter with the farmer’'s need (....).
They did manage to facilitate change, at the tinhemfertilizer started to become available
and when the Dutch system had just gone throughiaus crisis due to cheap overseas grain
(Bieleman, ...).

Africa & the Americas

We can only too briefly touch on great mindset agto physical changes such as in the
1930ies in the US-dustbowl (Baumhardt ...; Lockere), from which current conservation
farming approaches has sprung to no small extérg.Aztecs managed to achieve high levels
of agricultural output, combining an effort buildirsoils on terraces or in the water (great
change that much have been) and the ancient papulait the Amazon was able to convert
the poor soils of the Amazon into the highly praiiitec Amazonian Dark Earths.



Other mode changes

The first and largest mode change of farming rigfter the second world war has been the
Green Revolution, based almost entirely on top dewd technolical approaches. Paralels
between India and the Netherlands are strikinduding the need to turn the farmers mind in

order to convince them into modern farming. The i@&nown and these broad changes are
touched upon in the earlier parts of this papernyvismaller mode changes are not know to
the greater public and they do deserve mention

- the Sukomariji 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 changeddessons.

Some, but not of these mode changes started daoneand were replicated to a much larger
scale. Others must have been some kind of “mag®mes” of a region, e.g. during the
dustbowl. Some were a result of different thinkialgout agriculture, others resulted in
different thinking. In all cases there was a comabon of biophysical and mental (mindset)
shifts associated with the change. But thoughhtaisl to figure out what comes first and how
the specific mechanisms operate (if ther IS anyifipemechanism). In some cases it is a
person who in combination with a larger groups ngaséao effect significant change.

Complexity & wholes at different levels

Individual systems do not exist in isolation fromck other. They interact and together form
larger systems in a hierarchy where boundariehare to define or even non-existent. For
example, several cells (made up of organelles) noakeorgan (root system, kidney, brains).
The organs together make a larger system (plamfahnman), they together make farms,
village communities, regions, etc. Each of theseelke can be considered as separate
system, i.e. it is always important to state atolhievel one is working (organelle level,
organ level, and so on to national level and beyo@dlls themselves are infinitely complex,
but their complexity simplifies itself as one movase level higher in the hierarchy where
one considers a cell withotliosing the wood for the treesn the details of interaction at
individual cell level. This also implies that folager system to function, one needs to accept
that the lower level systems adjust themselvesrisvine larger whole, but that the reverse is
also true! Farmers tend to be interested in pletd land whole farm yield, not so much in the
specific individual yield of a plant, animal or ethcomponent. Governments tend to be
interested in the ‘common’ well-being or gross oadl product of a region, if necessary at
the expense of certain individuals.



Not only does the complexity of systems at low&els simplify itself at higher (and lower!)
levels. Systems also tend to repeat behaviourffatreint levels of space and time. This aspect
of repetition is reflected in the notion of fracaFor example, measuring the length of a
coastline appears to be easy if one has a diyamistick that overlooks irregularities like
rocks. However, with a finetyardstick one encounters new complexities, such as how to
factor cracks and irregularities in rocks into tmeasuring process. This metaphor was
developed by the mathematician Richardson in ey €0" century. It was revived by
Mandelbrot in his ‘discovery’ of fractals, mathemat reflections of real life phenomena
where systems at several levels of space and #&peat similar behaviours. For example,
irregular feed intake in animals over the day idained by irregular feed intake over weeks,
seasons, years, countries; irregular energy flaxesnutrient supply in plants, or farms and
regions show similar patterns. In the same way, care better understand the principles of
mixed farming by learning from similar processesedt level, plot level or international level.
A paradigm shift is implied by the realisation thsystem behaviours tend to repeat
themselves whethefwe are cell,'man or rabbit and fox populations. All of a sudden we
are part of nature, not above it, in spite of thecgl responsibilities and choices that we may
have (Cohen and Stewart, 1994; Schedral, 1999; Mandelbrot, 2000).

Implications

The relevance for policy-making of such notionghiat rigidity and administrative measures
for system control are unlikely to be effectivetire long term. Beyond certain (threshold)
values, systems start to respond by behaving diftgr. They yield less, or they diversify into
different modes as implied in Box 4.1 and Box 3Cbmplex problems that have no easy
solution tend to result in different coping stragsg the combination of which results in the
next phase. More refined measurements and exttaptdanay be counter-productive if they
obscure other avenues. They may even ‘waste’ regsuthat could better be used for more
relevant and/or emerging phenomena elsewhereyfkbep us locked in traditionlgck-in’).
For example, the post-World War [l emphasis on hyjiighds in Australia and the Netherlands
ignored the emerging problems of salinisation amtoghication. And the recent outbreak of
foot-and-mouth disease in Europe illustrated twieeptpotential difficulties with the linear
measurement and control approach. First, a cesgdhlrigid and large bureaucracy can
aggravate an emerging problem. Second, one sidptasis, ostensible control ‘@ccidenty
may actually lead to higher social and physicalts;osather than to more efficient overall
production.

Emergence of a combination of several coping girese rather than one or a few isolated
solutions is central to CSM and it is a major cheeastic of non-linear system behaviour
(Box 4.1). One of the coping strategies is the gema‘'death of an existing system, a
‘solutiori that is politically often hard to accept. Howevietends to allow for the emergence
of new forms. Schumpeter calls tHisreative destruction(Holling, 1995). It is a notion
remarkably close to Hindu thinking on creation aedtruction operating in parallel. Another
aspect of working with a combination of coping wges is that on&allows a system to
choose a particular mode out of several alternstidepending on what other systems do.
This introduces a variation of forms and surprigigersity and serendipity) that eventually
leads to unforeseen consequences and continuoasniysr The notion of ‘solution’ rather
than ‘coping strategy’ tends to imply only one aw®with a final and static result. Too often
we tend to train our students with just such aamobf solutions by offering thernsimplé
problems (Schumacher 1972). This leads to one-pnefdne-solution approaches, and to
linear efforts being undertaken to maintain growth for example, a given type of food
production. Such an approach is likely to evenyustiain systems and their contexts to such



an extent that they encounter limiting factors andes (see Chapter 5 and below in this
chapter). In real life it is likely that unexpecteambinations occur and that systems diversify
(Box 4.1). Dutch farmers have responded in varwags to a series of emerging problems,
such as overproduction, environmental impacts, ahinelfare, etc. These coping strategies
include emigration, buying additional manure quemd/or more land, hoping for better prices,
sale of home-products, small-scale tourism on tfain, quitting, etc. Much linear policy-
making and teaching tends to shelve small creatff@ts as not useful fdithe sector as a
whol€, or it continues to seek prototype ‘solutions’ tttan be generalisedChaos-
management is keen to identify new exceptions ames gdiversity as an opportunity.
Creativity is an essential ingredient where meddtaniapproaches fail, and ‘mess’ is
important when mode changes cannot be avoidecasbmable cost.

Box 6.7 The importance of context and the insepardd nature of system and context
relations.

Context and the active interaction between cordgagtsystem is pervasive to such an extent thatigtiaction
between context and system becomes blurred. Comtésstfor example, where a bee egg that is well fe
(‘good context) develops into a very reproductive quedrile the same egg in the context b&d feeding
develops into a sterile worker. In other words, itifermation in the egg expresses itself differgitpending
on context. It is nothature or nurture’ but‘nature andnurture’, nor is it‘external_orinternal’ development. It
is the interaction between the system and its abfifethose concepts can even be used in thettoadi
sense). The same holds true for the seed of angeehat develops into a crooked tree once it get®s in an
open space (provided it is in a context with enowgker, no fire, etc.). In a forest, however, thme seed
develops into a straight tree, not after firstrigyto grow crookedly, but directly at the firsteattpt. Quite
differentand similar in this connection is the mode-seekingveather systems: depending on a particular
combination of relative humidity, temperature airdpaessure, clouds will form, all of the same gahshape
that belong to that particular type of climate. &thloud shapes would be formed under differemperature
and humidity conditions. Similarly, a farmer opéngtin densely populated areas has a different @iew
farming than one operating in the far outback; eraand mind are linked, system behaviour and comatiex
linked.

A fascinating example is the case of the fertilisgg in a conducive context, as shown in the ablagram
(). It splits into two similar ones (II) and so antil the cluster of eggs consists of cells withikar genetic
information but different self-induced contexts {IX). Untill stage Il all cells have a similar ctaxt, though
different from their predecessors. After stagdh¥ ‘inside’ cells, however, have different contthdn the
‘outside’ ones. Somewhere at this stage, the ‘@tmjstem starts to diversify into what could béech
epithelium and endothelium cells. Such developrhasta strong parallel in the development (or\amtgion)
of farming systems (Box 5.2). System developmenhis CSM notion is the result of dynamic relation
between system and ‘its’ partly self-generated éxmn{The HSM notion of &rozeri system with a fixed
context ofceteris paribuseeds to be reconsidered if one takes these ctioepnore than instrumental valy
alone. A particular form and process of farming reayerge due to a given context, but sooner or igiealso
the farm and farmer that determines the contextthen back again, and forth again, but always odwa
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Ceteris imparibus

A system deposits products and waste into its sadings (context) while simultaneously drawing reses
from its surroundings (Figure 4.1). As a resulg tbtal entropy of the system and its surroundingeases
and a system changes its own context. Contextperi gystems can be similar, but they are nevesahe, not
in time, nor in space. They are in a constant charighe kind that was mentioned by Heraclites wihesaid
that we never step in the same river twice. We hallghisceteris imparibusas opposed to the notion of
ceteris paribuszommonly used in classical economics. The conlretsveen ceteris paribus’and teteris
imparibus’reflects what is also called in other disciplities contrast between ‘equilibrium’ and ‘non-
equilibrium’ thinking, or between ‘control’ and ‘pcipation’. Ceteris imparibustresses that new systems gnd
contexts continue to emerge. Only those system-mgde survive (are sustainable) that find a balMeeq




adjustment to changing contexts and/or maintenaht®eir own context. And to stress contradictéom
strange tensions, only systems that are prepareftbiage will survive (Chapter 6). Changing corgerty
result from endogenous and exogenous ‘causeshitepsystems involving managerial choices, poliptians
and God’s dice. In that process of change and itepedf form one can discern various ‘patterns’ieth with
due caution can be generalised for all kind ofeaysbehaviours. They also were part of what Aristlitbked
for.

The butterfly effect was one of the discoveriest thadid the clockwork notion and re-
introduced uncertainty. It matches other work frdne second half of the 20th century
concerning complexity e.g. relativity and quantuhygics. The fact that a change in one part
of a system may have an effect elsewhere starbe thesitatingly accepted in HSM. 1t is
present in the concept of learning systems in S&hd, inherent in the notion of trade-offs
(Conway and Barbier, 1990). It is central to thenptexity thinking of CSM which states that
complex problems have more than one coping stra(Bgy 4.1), that several perceptions
exist (Box 5.2), that uncertainty is the rule, tbattain modes are more likely than others and
last but not least, that system and context aepersble and yet different. Interrelations lead
to trade-offs, their existence has more than measelynstrumental significance. Trade-offs
and loss of control therefore become part of ouddveiew. Efficiency gains in one place are
likely to cause efficiency losses elsewhere. Thenwd use of limiting factors, the timely
shift into other modes and, as a matter of ethios,judicious and respectful use of finite
resources and nature then become relevant. Trasl@@fur at and across all levels of system
hlerarchy (Table 5.1) as illustrated by the follogriexamples:

At crop level, emphasis on total plot yield tend®tcur at the expense of individual plant

yield.

At animal level, breeding for breast-meat in tukegsulted in physical limitations in

terms of reproductive behaviour.

At flock level, attention to high laying percentage hens implies theemergence of

male chicks that have to be destroyed due to mfeneat production characteristics.

At farm level, profitable forms of mono-cropping ynkead to more disease pressure or

soil erosion.

At regional level, a dam for irrigation downstreamay displace local populations

upstream.

Not all feed-backs or trade-offs are negative, aat first they tend to bgositive, but
carried too far they tend tproduce ‘negative side effects, an essential feature of non-linear
system behaviour. Whatever the situation, the ehofccriteria and trade-offs determines the
analysis and design of new systems; the obserfestafsystem behaviour, man and farming
are part of nature. Tensions in farming do not joappen, they are part and parcel of
development and they occur at all levels of syskeanarchy. In the CSM world-view, the
image of agriculture being marred tproblems is not an accident, it is the consequence of a
combination of different perceptions, past choices)-linearity and the unpredictable effects
of ‘God playing with dice Continuous alertness to feedback is requiredleathe need for
participation overtakes the notion of mechanistintml. Managers, policy-makers, teachers,
researchers and farmers have choices to make gmalssito interpret; learning systems are a
necessity, not a luxury. So is there any certaanigil?

Box 6.8 Perceptions of fluctuation and stability/resitierby different observers

Lock-in or path-dependendenplies that systems can start to develop in edfigirection that prevents
change (Arthur, 1999). For example, use of spe@édlmachines results in crop-choices determined by




equipment-economies, rather than by water-useigffiy that initially may not have been an issue.
Research traditions and peer reviews can leadritaesilock-in. Likewise, loss of local seeds ordaaces
can result in “lock-out”, i.e. making it impossikle “return” to previous systems. Importantly, leick
occurs in both HSM and SSM aspects of mixed farpiadpits can result in from machine-choice as wel
as from acquired mindsets!

Different perceptions on the severity of fluctuagan a system reflect an observer’s choice foistiae of
observation. For example, a farmer having a tiovizbn for survival between points A and B will
experience irregularity, but an administrator deglvith a time horizon scale from A to C will note
regularity! This issue has been worked out, fomepde, in great detail for perceptions about sustaility
and size of catch in fish populations by Van Den@891).

Mode changes in mixed farming

Many practical examples of repeating biophysicadl aocio-cultural mode changes have
already been shown. A decisive mode change fordd8ihg was the dustbowl some 80 years
ago (section 5.3.2), which led to a massive pamadifift in farming. From rather specialized

cornucopian monoculture of cotton, farming chang&#® more conservationist forms of

mixing and even to other ‘mixed thinking’ with croptations for sustained long term yields.
More mode changes are likely in the US plains @uddclining water aquifers, as in many
tropical mixed systems (towards specialization) doegreater access to inputs, and in
temperate specialized systems towards mixing duerdblems of waste disposal. All this

provides direction to policy setting, e.g., risingergy prices are likely to re-establish the
relevance of mixed farming, and especially thegraged forms agriculture. Today, the highly
innovative efforts at finding perennial grain crdps better farming in the dry regions of the

North American plains represent another typicabgaym shift and mode change (Cox et al.,
2004; Jackson & Jackson, 1999). In such mode, @saonge can see the fluidity of the

distinction between hard and soft issues, and dluseaction between issues of matter and
mind. Such mode changes at the regional levellibtdt concern the management of mixed
systems, but in different guises, are now given.

3

Fig. 1. Different causes resulting in similar mad@nges. The top figure represents a system éguirefll. In
the lower left hand figure the input supply (egrtifizer, water, feed) is disturbed. The lowehti(pand figure
shows a problem with ‘waste’ disposal (e.g. dutves, etc.). This case is discussed in 2.4.5Hanges due to
either less access to fossil fuel in poor, and lerob with “waste” in richer contexts..




"added value” “upscaling” “recycling and mixing”
(less per area unit
extensification)

Fig. 14. Three strategies to overcome reduced resdlows of Fig. 13. The left hand figure illusta use of
added value (see darker shading produce arrowetigal one emphasizes larger scale, the right bar
chooses recycling and mixing to maintain resoul@me fn the system.

A mode change in mixed farming from Machakos (Kenya

A typical case of population pressure as a drifenade changes in time is that of Machakos
district (Kenya). The key of this system lies inaxiety of livestock feeding methods. In the
past, possibilities to integrate crops and livestaere neglected and the contribution of
livestock to household -cash- income was limiteaknking systems were of the diversified
kind. One way to change was to establish individitigs to land, visualized in demarcation
and enclosure of grazing areas, a mode changecin-soltural aspect. After this, some
farmers recovered and developed the grazing acepovidegrazing, timber and fuel. They
use multipurpose animals, they do not aim at fasunty, they even accept seasonal weight
loses of their livestock, but they aim at highoduction on an area basis (section 5.4.1).
Higher stocking rates can now be maintained usimog@ cesidues, i.e. increasing population
led to reduced grazing land areas, a change imotheof cattle, and replacement of livestock
by crops as the main source of cash. Adjustmentanaes/ to sustainability and “drivers” like
shortages of land in parts of the district, combiméth a national economic recession, local
leadership, high costs of education and other esgeefor raising children, led to voluntary
family planning. Also, the process was supportedabgrogram in which people that had
migrated to the city sent money back to the vilkatiee process.

The evolution of the Machakos system in time, havediffered in space between drier and

wetter areas of the district, and it depended om fize:

- in the semi-arid region, animal draught power wagortant in various water conservation
techniques, reducing risks of crop failure. Farmarssmaller farms combine wet-season
grazing with dry season use of crop residues, waitger farms rely more on grazing

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

In general, where land is scarce, fodder produasocombined with soil conservation and

stall feeding or tethering. Mixed farming changesde from diversified into integrated. And

other ways of range improvement such as hedginggirig, bush and indigenous tree
management and scratch plowing become attracticause they need labor but almost no
cash (based on Slingerland, 2000 and Tiffen ef@03 and1994).

Land reform for sustainability, non linearities r&igional scale in China

A typical mode change in mixed farming on distietel in China is that economic reforms
of the past decades exacerbated problems of oaemgr and desertification in the pastoral
areas. To deal with rangeland degradation the govent resorted to nationalization and
semi-privatization. It operated by thinking in texraf ‘parts’ and ‘control’. It overlooks the



interrelations due to the mixed nature of the situaas for example elaborated for sub-
Saharan conditions by Marcussen (1999). Rangelatidyp based on notions of central

control proved difficult and experiments with aftative rangeland tenure systems were
started. Ningxia in northwest China, attempted stallish communal range management
systems with the village as the basic unit of usd eontrol. The reason was that some
management regimes are under severe stress, thrigdescale digging for medicinal herbs in

the grazing lands, a farfetched but real case gkdsystems at regional level. This digging
resulted in conflicts between Han and Hui Muslimir@se, during which several farmers

were killed. Major drivers for degradation of griassl resources come therefore from within
and from outside. The exploitation of liquorice rday farmers from outside the township

helps to cause large-scale desertification, whicikeas matters worse. Poverty literally

‘drives’ farmers with such mindsets to look for @xsources of revenue: digging of liquorice
root can provide most farmers with an illegal, ahds non-taxed, extra income. The case
illustrates collapse of existing common propertsaagements. The quality of rangeland in
Ningxia continues to deteriorate due to a combamatf failing village-based management
with different valuation of the natural resourcedifier users. Degradation of rangeland will
continue if the diggers of liquorice root continteedefy any law or other arrangements in
their search for short-term gains, and as longudisoaities continue to put all their hopes on
control while ignoring the complex adaptive nataféhe situation (Ho, 2000).

Landcare and rural development in Australia.

The Australian countryside of the past decadesshadly shifted into a mode where over-
grazing, deforestation and increased scale of fegnked to severe problems, like in the
previous case of China, the case of Machakos aaditistbowl. Effects of inappropriate
European farming practices in the context of Adistnasoils combined with severe drought in
the 1980s raised public awareness on pending pnsbl@hese problems led many rural
communities to get together and to analyze intrgsacof their “livelihoods”, from
biophysical, economic and socio-cultural angleausTtihe choice for the triple bottom line as
a management principle for regional developmentectf - in a fractal fashion - the
management principles needed for a mixed farmsRe¢d to be seen in their larger whole,
at regional level typically an issue to be addrdsbg soft system methodologies (Jim
Woodhill, pers. comm. 2004). Based on individuatiaat and supported by government
funding this led a countrywide program LANDCARE thaok a triple-bottom line approach
to farming, society and sometimes industrial astivAwareness about the complex adaptive
nature and of the drivers behind these processesised through community meetings. It
addressed issues of rural health and eco-litemaimy school curricula, as well as issues of
empowerment. As such it is, perhaps, one of thgdsigexperiments in applying the theory of
SSM to the practice of rural development (CamplER6; Roberts & Coutts, 1997). The
main message is that efficient and modern farmirgghods can lead to disaster if not
adjusted to local conditions. Initial —linear- sessful ways of farming show non-linear
behavior, they collapse in a non-linear way aftens time of too much emphasis on too few
technical parameters. It is a typical case of nduges like in Machakos, and the dustbowl,
with lessons for modern thinking about modern manaant and policy setting, based on
understanding how systems are interrelated, rétia@rusing a focus on parts.

6.7 HSM, SSM and CSM, an afterthought

At first sight the HSM and SSM may have appearetbturadict each other. However, that
was not the point of these notes. We just liketress that the distinction helps to understand



differences in approach. The most important isedesep in mind when comparing HSM and
SSM is that SSM can profitably use HSM approacheb as linear programming, resource
flow analysestc. Also, HSM needs SSM approaches to better def@éi®M problems at
stake. In other words, our interpretation of rgadiets richer when we find a proper mix
between HSM and SSM as complementing rather thaorapeting approaches. The use of
CSM can further enrich the combination of HSM ai@Ms Just like SSM can be said to
encompass HSM, one can also say that CSM encongp@S8¢ and by implication also
HSM.

Complexity stresses the difficulty to exactly knasvat happens, and at the same time it
provides a theoretical basis to explain that enrergef certain patterns is likely. A series of
methods to cope with complexity is becoming avddabhe most relevant is perhaps that
many coping strategies are likely for a systemcinsis” (at the edge of chaos). This is a
departure from mechanic "one solution" thinkingt tiesds to be emphasized in much formal
training.

Answers to exercises
Exercise 1.1. mention 5 kinds of behaviour of tivels systems that have not yet been
mentioned above, divided over at least three sykteets (specify the levels).
(system levels not separated in this answer) Anfuiprofitable; cripple; (re)productive; be sickithr
BSE; be young/old; make noise; nursing behavioaring / dusting / polishing; competing, stereotygic
behaviour; damaging behaviour; cooperative beharigetting fat; getting wrong shape in legs or athe
bodycharacteristics; attention for nature; beinghiaat; contribute to GNP; patient behaviour with
animals; jonge afkalfleeftijd; stijgend koopgedragnventional 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 formgsiEm behaviour that people on your
group would not have thought of before “learning’lbok at the behaviour.
(small facts): The fact that people can be slovat thvillage can be “happy”; distant from the maioad;
fertile, full of (bio-)diversity; lots of good qug} water; nice tax-“climate”; care for nature; bag
religious; landscape installation; contribution @®NP; expansion;a system can be nice, liberal, b&dut
(processes): first think (individually) before ggito the obvious answer; discuss as a group; nbt on
reductionist thinking; stamping out (ruimen);
(system behaviour): lock-in; lock-out; emergenttpats; use of system characteristics that are #mes
over different levels; lock-out where birds of petgrt to use another prey when local mice supphsr
out
(special); first we saw the chicken as an individsystem but we had troubles to see the flockastem;
that is now a new learning point
Exercise 1.3. give an example of how livestock yctdn systems change over space; you
can take a dairy system on any space scale, eog, Breda via Woerden, Loosdrecht and
Biddinghuizen to Giethoorn, Dwingeloo, Westerkvearéind Bedum. Use at least five

characteristics to describe the behaviour of thettem.

2.1.(many groups failed to see patterns / differenegs/éen dutch farmers so they started to
compare countries, for example within Europe, dwken tropics and temperate areas).
The following behaviours were noted (some are dedga in the sense that for example
soil type is a behaviour of the soil in geologitaims but not so much of the farming
system). Soil type; social structure; climaterdl fauna; history; scale, specialised,
extensive, low/high input; subsistence; commersgalj religion; legislation; population
density; tradition; different types of productiddL(milk and meat; Swiss meat; Austria



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

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

2.2.Many people had a problem here, many thought tlejtiestion referred to the effcet of
fever at farm level as it shows on another levdie Tnost valid interpretation is
probably that fever is a temprary increase of logatabolism to get rid of a
disturbance; e.g. by bringing in defences and/ordmyoving nasty parts or byproducts
of the disturbance. After some time the fever sti@isappear and the organism should
“rest” to recover the extra reserves that it lastity the hieghtened activity. A typical
case of fever at her level occurs when the aniroadsd together to chase away an
intruder; and at community level one can see a ation to chase out nasty elements
as a from of fever.

Exercise 2.1 give two examples of how narrowlynagefiDarwinian evolution can control

the evolution of a farming system, one at herd @melat farm level.
At animal level the genes (co-)deterniittee output and shape of the animal;
at herd level it is the type of animal that (co{ltenines the behaviour of the herd or the shapbef
farm; large animals have competitive advantagegsgyer farms survive

Exercise 2.2 give one example of Lamarckian evaliuigach at animal, farm, and regional
level

Basically the lamarckian idea uses “learning”.dhde seenfor example at animal level in
an animal that passes the antibodies as acquiegdatbristic to its offspring so as to give
them an edge in sruvival. At herd level it is presa certain behavioral characteristics,
e.g., animals that only very reluctantly enter & geazing area that the have never seen
before; and at farm or society level it would b#aamer/researcher/policy maker” that
very reluctantly gets into a new habit. Farmersl(stadents) may learn from their
neighbours, predecessors ¢éKB ; een dier kan leren te leven in een bepaald|stelkt
waardoor het een genotype(?) milieu interactiedaat als het naareen andere stal gaat;
milking machine and teat placing;

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

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

The intensive breeding for chickens that speciahie layers and broilers has co-evolved
with an industry that sexes chickens, that remawekkilles “useless” males, that has
developed chickens without mothering capabilities,that need external energy in
machines, people and airplanes to do what chicksed to do themselves. It also occurs
where consumers get used to cheap food ... The tottlat goes associated with this co-
evolution is that modern eco-farmers find it harabtain chickens well suited to pasturing
conditions, even though the learning can help &h@nagement factors that “teach” the
young chicks from early on that they can go ouhmpasture ... ) Another perhaps more
benign example of co-evolution are the rumen bungthe rumenant, the peer-review
system, the education system that is part and eaira particular production system.

® the term (co-)determination reflects the diffigulhat JBS has with the narrow concept of the Daiawi
evolution / development and in strict reasoning cawe only say that according to narrow Darwiniasutht it is
the genes which determine the output and shagedfinimal)-organism. Please note that the theahesit
animal breeding specifically recognise the broawlerpretation by stressing the effect of genotgpd
phenotype.



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

Exercise 2.4 give an example of how Darwinian aach&rckian arguments affect thinking
about the risks of biotechnology, or about the ogkor example Foot and Mouth Disease

Exercise 2.5 give one example each of emergenaetaat farm and regional level with

accompanying policy conditions.
At plot level: the emergence of clover (sown bynters or residual from other times); different grass
cutting regimes because of more attention to bitids;formation of a plant or animal due to the més
and external factors
At farm level the emergence of part-time farmersmproduct prices go down; HEIA farmers due to
policies, from extensive to intensive and backetdpnsive; mixed farms when pollution or resource
scarcity occurs; milk-robot leads to different girag schedules and farm layout;
At community level the “complot theories” in timedisaster; at country level the emergence of new
subsidies or tax measures in response to new dawelats; introduction of nature roads leads to other
farm-types. Pigs in Brabant and dairy in the Northpart of the country with associated sociological
values. Pesticide restriction in watersource areas.
The answer that more factors get involved wherebe in the hierarchy gets highre is only verythar
true, if at all; each level dampens out the indiativariations .. JBS likes to discuss that further
Another answer recognises Lamarckian mechanisnisfaitexample the whistle-tune of a bird .. JBS
likes that but since it will not be taken up autdicglly by the offspring so it might be better tlt
emergence
The most challenging answer to JBS is the menfitlmour; or a mistake. For example, a farm
happens to buy a wrong feed; but it turns out talgmod thing to continue doing that! Many sucmgjsi
happen, the memo pad, the corn flake, etc.etc

Exercise 2.6a. give 3 examples of system developi@md deterioration; each at a
different level of system hierarchy.
At cell level: differentiation; degeneration;
At animal level the development from egg cell &dus etc, as well as the death of an animal that us
be quite productive; a healthy herd that grows tlhugood prices and that gets fatally affected Isedse
At farm level, a part of the farm that is startettaeventually left alone; animal disease affeces th
decline of an entire region; breeding for highepguction and less bio-diversity; exhaustion of goikes
first a good farm but a decline later on
At regional level: development of farming, declxidarming in favour of urban development; declaie
urban development because a local industry losesoinpetitive edge

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

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

Exercise 4.1 How would a HEIA system (a conventitarening system) cope with the
feed mixing problem and how would a more eco-oeiéslystem cope with it. Give two

strategies for the HEIA farmer and two for the émoner'®.
HEIA farmer buys feed from outside; tries to findey feed company

19 This distinction is a bit artificial here but meimed deliberately to illustrate the kind of diieaces



ECO farmer adjusts priorities; goes for other breeat form of production

Exercise 4.2 Given the fact that a well managethfaas to conform to even stricter
nutrient emissions, how would you suggest threengagirategies (one at farm level, one
at community level and one at national level)

Farm level: other feed; other housing; drying ohdy do away with the animals; reduce livestock dgns
other way to apply dung;

Community level: consumer has to change “consumpiaradigm”; organise nutrient export (alone or
with the region); tax/subsidy measures; mix betwiaems;

National level: subsidies or tax cuts for farmerattare ready to be innovative; try to influenceditcs;

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

The best answers concerned the (apparent) contiadsbetween:

-welfare and environment (there is more to say aliuis);

-export and animal welfare

-everybody eco in the netherlands (conflicts wittat®)

-the demand for eco-products without the willingnespay for them,

-help everyone and not exhaust the resources

-between hierarchical levels (see communal idegtyfpeexample, an individual farmer has to get his
animals killed because of national interests

-nature and croppint; ... ...

others tensions were mentioned, more or less spatyt

Farm level

no use of antibiotics requires better hygiene atféevel and breeding for “resistance”; at animaiel
use of homeopathic medicine and local medicine“tkel” water; no fertilizer require at farm level,
forget about the rules (regels aan de laars lappenpre clover; different feed; other crop-rotat®h
farmdesign; sell dung to neighbour; dump in ditghje up farming; group-housing; better methods to
monitor the losses / excesses; shift to organimifiag; marry a rich woman; buy quotum; start side-
activities; emigration;

Country level

Less fertiliser and higher production could requarlifferent pricing system, and different extensio
messages; send dung to other countries; use aggnesource (NUON); centralize farmers to process
dung in a cheaper way; develop green label housihgnge legislation;

Exercise 4.4 how would a conventional farmer intetand react to the occurance of

weeds and disease on the farm as compared to ewechfarmer.
Conventional farmers will tend to first combat htw! the symptoms, e.g. with the use of chemieajajn more

work for me

ECO-farmers will in the first place take the prabl@&s something that can teach them about probléses/kere
in the system in order to work on root causes;hemsdweeding; use bedding; more hygiene, use ottadit
method&; what have | done wrong?

Extra exercise to be answered groupwise and toaoeléd to the staff after the plenary
reporting. Answers like "I do not understand anwigii, or “it is all vague” are not
acceptable, but specific questions and suggestioninvited™>.

1.
2.

3.

what are the two aspects of system behaviour tbed wost challenging to your group
what is one aspect of system behaviour that is mosiprehensible to you (specify
your problem)

what are two topics on (behaviour of) animal prdadurcsystems that you want to have
elaborated more in one of the following lectures.

" many eco-farmers will see such tensions as clggterather than as problems
2 the concept of natural methods is disputable
13 results of that exercise were handed out on aatpsheet



7. METHODS AND TECHNIQUES

A first step in any system analysis is to “decamdtrthe issue at hand in some major sub —
issues. In a process of discussions with sevettdrpa one tries to distinguish major patterns
regarding stakeholder groups and their perceplibe.problem is expressed. The point is not
to get agreement but to identify tensions and oisl

7.1 Stakeholders, resource mapping, and analysis issues

During initial briefings one tries to distinguispatterns" (=groups) of stakeholders. This can
also be called resource mapping or wealth rankasgwell as identification of (farming)
styles. Together with this process one can do mmaghs on interests and major issues as
faced by the different stakeholders. A mind mapstelts associations with the main theme
central (e.g. a village, the greenhouses, a hdgpltacan be both opportunities and threats;
strengths and weaknesses. An example of pattetinadisn is the identification of issues as
elaborated during the class, using a mind map apé@ations” of students regarding the
lectures. Caution, one should avoid excessive gatje and "averaging” of information, i.e.
by asking a large group about an average opiniarstMformation is likely to be gained if
different groups of stakeholders are asked to emaske their own diagrams, tensions and
disagreements together with common concerns arkings) 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 historicalettggments in a case study. The following
axes can be used:

0 X-axis: Time, e.g.: 1960, 1970, 1980, 1990, 20@2®@

0 Y-axis: Hard characteristics: e.g.: Production¢cgsi diseases, weeds, etc



0 Y-axis: Soft soft characteristics: e.g.: Intentiopo@mmunity, services, etc
The same applies to space transects, in whichgsdftard) 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) comppgoblems and/or systems is to let
different stakeholders make a model of the “probBlehtypical example of the use of models
in SSM is the so-called rich picture (fig 7.3). Yeypically, it shows that farms have more
things on their minds than nitrogen flows. Notetttie@ more holistic approach of SSM gains
insight on the whole but it loses information ortaileby not precisely defining whether its
model refers to flows of nitrogen, emotions or s@aergy. In contrast, HSM loses oversight
by not being able to work on all possible and dfided relations in the system as seen by the
fishnet of the group of stakeholders. Generalitgat the expense of precision.

Rich pictures can also be drawn as maps by difftgrarticipants, they can be modified when

other people join in or when the actors come toeustdnd their own situation better or at

least from another angle. Quite generally, the usal of rich pictures is that the stakeholders
learn to understand their own system better by mhguthe rich picture or any other model. A

change of problem definition during these exercisesle rather that exception. Rich pictures
can also be drawn by researchers to better unddrgtair research question, by industrialists
to understand / explain their companies, by farmersunderstand their farm and the

surroundings, and by families or groups of peoplerderstand their group dynamics.



Figure 7.3 Rich picture of the village Anatoli, @e

7.3 VENN-diagrams

The VENN diagram (named after the person who intced them) is a more formalized way
of expressing the relation between the farm orstystem under study and the surroundings.
The VENN diagram in fig 7.4 illustrates how a grcugs drawn several concentric circles on
which the importance of surrounding system elemargsplotted. The surrounding elements
can refer to institutional ones such as the mipjshre bank, the business man, the school, the
university or the farmers journal. They can, howewso refer to production factors and
resources such as rain, irrigation canals, the thenneighbours tractor etc., the local liquor
shop. A further refinement can be that negativelscpived factors can be placed on the left
side of the diagram and positive factors on théntrigide (or vice versa). Methods to
determine the place on the circle number are biaseaployed under ranking.



Figure 7.4 A VENN diagram made during a PRA in ZAKanbabwe (Agritex, 1998)

7.4 SWOT-analysis

When the group (process) can use verbal methodsxpoess their multiple goals and
perceptions about the issues at hand it is comnoomevert an analysis of Strengths,
Weaknesses, Opportunities and Threats of (SWOTely simple terms these boil down to
the listing of good and bad points according to thaltiple realities / perceptions of
stakeholders. The important point of a normal SW®That it distinguishes between good
and bad according to inside (strength and weaksgss®l outside the system (threats and
opportunities). Generally, but not necessarily, dtrengths and weaknesses are established at
the level of the observer and the opportunities thnelats operate outside at a level higher in
the system hierarchy.

These notes often use what we call modified SW@re such modification is to use if the
different rows explicitly represent stakeholdershivi or between different levels of system
hierarchy. In that case we also tend to reverh®rhention of advantages in the left hand
column and disadvantages in the right hand colurhis approach is a significant deviation
from that in the “normal” SWOT, seen from within ssen from outside the system.

Another modification to normal SWOT can be the &ddiof a third column with actions or
coping strategies.



Figure 7.5 SWOT+ with hard and soft system distorctfor agrotourism in the Anatoli
village

The overall process of listing advantages and deaidges is to be done as creatively as
possible. Preferably with individuals passing tleiggestions on separate sheets of paper (or
an alternative in case of illiteracy). What coumsst is the effort of generating information.
The ordering, refining and priority setting is dissed under ranking. The qualitative
information thus gained and organized recognized thfferent stakeholders have many
different and changing perceptions of reality.

7.5 Ranking methods

Even work with qualitative methods requires pripsetting, and some form of quantification
is required to do so if a better description of thet problems in to be achieved. Basically
this requires use of ranking methods, a tool that® in many different forms of which the

most common ones are called "buying", pair wis&iramand matrix ranking.

Buying / scoring

The simplest method to quantitatively establishdtaer of importance of a series of issues is
"buying”, also called “scoring”. As shown in tablel one can have a list of issues raised
from mindmapping exercises, e.g. the negative ssudivestock keeping for regional level.
Individuals can now attach value to these issuesith "buying” e.g., by distributing a given
number of coins or stickers over the different éssuA person gets for example 10 coins to all
he can put on the issue of milk-processing, oraalivided, or to divide them by placing 5 on
milk-processing and 5 on feed supply. Alternatiyetlys also possible to place 4 under milk
processing, 3 under feed supply, 2 under labordfly milking and 1 under milk. It is
tempting and sometimes useful in the case of hommgegroups to add all the votes of the
individuals so as to arrive on ranking as in thst &lumn.




Table 7.1An example of a list of on — farm issues in dad@ayming and their ranking
according to different stakeholders, groups andindividuals (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-wiaeking (table 7.3). The method implies
that the different issues generated during mindnmgp@re placed along two axes, one
horizontal and one vertical. After checking whettles issues to be compared do not overlap
the group, then compares the options. A group ‘S/osdter restricted period of discussion
whether issue A or B is more important. In thisrapée, the group decided that veterinary
medicine (B) is more important than advise on sheitting (A), i.e., a B is placed in the
square where row A crosses column B. Next, themraies whether pasture production (C)
is more important than advice on shed building idpésture production is more important it
places a C in the respective box. After runninguigh the entire exercise the group counts
the frequency of the issues as they were chossh ¢tdumn) and this helps to decide the
development priorities or directions for action,atdver is at stake. In the case that two or
more issues rank the same it is possible to reapeatxercise on those issues but that tends to
be relevant only with the top few issues. One ladeantage of this method is often that it
helps to get the problems better defined becausehan to chose between two options that
often need to be redefined.

Table 7.2 An example of pairwise ranking on issuefairy 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 tleasibility of different policies /
technologies can thus be ranked but one shouldm&miethat generally each of these issues
is to be evaluated according to different critefihe people who "buy" the different issues
according to the procedure in the previous two graghs use different criteria, perhaps
unknowingly. Disagreement and confusion about pyiosetting can be solved to a
considerable extent by distinguishing a few maiteda to which an issue should conform.
Such an approach can be worked out by providingt @f criteria in the left-hand column, if
necessary categorized (aggregated) and subdividemugh participatory methods, e.g.
scoring. The (group of) person(s) that has to chadéthen rank the innovations for their
performance regarding any of the criteria placethi left hand column. Obviously the list




can be expanded endlessly and the trick lies ifistit) simplifications / aggregations rather
than in (reductionist) specification / detailingn this sense the number seven is a good
general maximum, more than seven categories tebd too many. The table does include a
bottom row with "average" count. This is a bit agshiour grain since it "averages"”, assuming
that the weight of the different criteria is thenga The final choice for or against a particular
innovation is to be taken on the basis of individoieference and, in cases of groups, on
perceptions that are based on relevant groupintfseastakeholders.

Table 7.3A matrix ranking for deciding on the shitigy of three planting methods

Criterion innovation | innovation Il innovation Il
e.g. corn cob | e.g. complete | e.g. reduced
meal feed concentrate levels
Technical
- Digestibility
- Protein content
Economic

- short term income
- long term income

Social
opinion of colleagues




8. CONCLUDING REMARKS

The need for systems research in general and safooms of FSR in particular arises from a
general feeling of failure about agricultural dewhent after initially spectacular and
impressive achievements of disciplinary and redmest research. And in spite of criticism
that can be levelled against the technological ltesef developments such as the green
revolution it must be remembered that remarkablegthwere achieved indeed. However, one
major concern at the time when FSR was startingettome formalized was the fact that
technologies were not taken up as rapidly as tiseg uo be in the glory days of the green
revolution. In other words, farmers were not aspyawith the technology as what the
researchers would think, a phenomenon that we baled the principle ofthe beauty is in
the eye of the beholderAnother major concern was that the proposed rteldgies had
unexpected and/or unwanted side-effects. Thesdgmnaslseem to have no simple answer and
an intervention in one place has an effect in §ystesn at another place in time and space.
This phenomenon was captured in these notes umeléernm Cteteris imparibus

Researchers and policy makers had now come totlfi@cesality of complex systems where
things are rather unpredictable and where they baninterpreted in several ways.
Unfortunately, however, they (we) tend to be trdine the science of simple systems where
unpredictable effects are locked out as error imtrofled conditions. The adoption of FSR
approaches implies, therefore, a change of thinkggell a change in methods. It requires a
change in administration and control mechanismsedsas a change in training and priority
setting in policy. Many workshops were held andnireg manuals were produced on issues
of FSR, all over the world. That permits these sote avoid details on many of the
methodologies, and to refer to work done and proeideveloped elsewhere. It gives room
to spend more time on issues of paradigm change t@mntroduce principle of complex-
system theory from international literature. Actuadses / examples of work in many
countries are included, and much more can be afided here on. The change in thinking
that | have seen over at least two decades gias®meto be optimistic since the majority of
the agricultural development staff seems to soamelater come to grips with the new
approaches. One challenge lies with them, anotheallenge lies with education,
administrators and policymakers to facilitate tthange.



ANNEX 1: GLOSSARY

“if 1 use a word it means exactly what it is suppd$o mean” .. Alice in Wonderland”

Action research (2) Action research is concerned with formulating &oti/ing problems through a
series of 'cycles' of plan, act, observe, and ceflEhe aims are for individuals to learn by doing,
and through experience, gain insight and understgnd@his may lead to improvement in practice
and alter existing situations and constraints. Blspoused role of the researcher is that of
participant-observer. In practice, however, theaesher often remains 'outside’ the system being
studied.

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

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

Analogy: a phenomenon in system behavior where similamtyucs between at first sight different
kind of systems. In essencemmdelin the form of a mathematical expression, a maptatue or
painting is also and “analogy”, and so aretaphorsthat tend to be “word”- or “thought” models.
The system word often used for these phenomemani®morphism.

Attractor: a relation between parts of a larger system thiaibés a certain regularity; e.g. a predator
prey relationship. Normally they are expressedeform of phase — space diagrams; and they can
exist in different main forms: point attractorsnii cycles, strange attractors, etc. (Gleick, 1987)
And Attractors(1): Stable states where the systdhseittle.

Autopoiesis:see alsaself-organisation: the self-producing property of living organismsghich is,
itself, based on the self-referring process of dtmmwhereby the organism maintains itself in the
world. And Autopoiesis (2): This is the self-prothug property of living organisms which is, itself,
based on the self-referring process of cognitioenehy the organism maintains itself in the world.

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

Boundaries:the separation between two systems, for examjihe feiaces, walls, packaging materials,
physical limits, trade restrictions or health regigns 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 sugpaithout degrading the
resource base. At a rational level it refers theloer of people that can be supported at specified
standard of living without degrading it's resoul=se.

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 balanciniyiemice on the second when an
increase (decrease) in the first results in thersgtdecoming smaller (larger) than it would have
been if the first had not changed.
proportional balancing link:The two elements move in proportion to each othéhen one
decreases the other increases. When one increades other decreases.
proportional reinforcing link: The two elements move in proportion to each otNéhen one
decreases the other increases. When one increades other decreases.
reinforcing link: The first element has a reinforcing influence be second when an increase
(decrease) in the first results in the second béwpiarger (smaller) than it would have been if the

4 this glossary is explicitty made to characterind axplore the nature of the concepts, rather tinatefine or
explain.



first had not changed.
subtractive balancing link: ahange in one element subtracts from the next ¢éieme

Cause-effect thinking:seeself-organisation

Ceteris (im-)paribus:a traditional assumption in (economic) researdhas the intervention which is
studied does not affect its surroundings (contéittjs is expressed in the terroeteris paribus
(everything else remaining equal) and it is theisoa$ the more static approaches. The study of
complex systems argues that everything affectsyéhiag though the degree of the effect may
differ or even dampen out. Therefore the terxmberis imparibusexpresses the basic thinking in
complex system thinking: the rest does nét rentagrsame.

Ceteris paribusi(seeceteris imparibu}

Chaos theoryalso called théheory of complexityor non-linear system theory. One central notion is
that systems exhibit unexpected behavior (forngt they are unpredictable on the long term, but
that certain patterns tend to repeat themselvégog@tne & Stengers, 1984; Gleick, 1987; Cohen &
Stewart, 1994); also:

Chaos-theory (1)Dealing with complex systems where a small changaitial conditions may make
a huge difference to the outcome, thus making jiredictable. 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 fallng quote: A sufficiently vast
and considerable intellect, knowing the completeslaf microscopic physics and the physical
state of the universe at any moment, could caleuls state of the universe at all subsequent times
all prior ones, too, if the laws are reversibleaglace, Essai philosophique sur les probabilités,
1814)

Closed systems (13ystems, which in theory have no interaction witkirt environment. In practice,
all systems are open to some degree. The moredctbeesystem, the more the energy runs down
within it. (The Law of Entropy).

Co-evolution: the joint development of different (farming) syste in such a way that they can
become strongly interdependent (Norgaard, 1992y\@rain; n..).

Cognition (2): Refers to the activity of the nervous system. Caomtto the view that the nervous
system picks up information from the environmend @nocesses it so as to provide a one-to-one
representation of the outside world in our braie, see (following Maturana & Varela) that the
nervous system is closed, without inputs or outpuat$ that the cognitive operation reflects only its
own organization. This implies that our interactican never be instructive, i.e. unambiguous
external signs. Rather, they consist of non-spetifggers which disturb the system but no not
determine the nature of the response. Cognitioroisan information processing operation, but a
constitutive mechanism of all living things.

Cognitive agentthe observer

Communication (2): In everyday language, 'communication’ usually seféws the transfer of
information as if such a process were indeed plessitanything other than a metaphorical manner.
Rather than transferring information, we express @mn version of reality that we each have
constructed in the course of our daily living. Hum@ommunication needs to adequately account
for the properties of the observer as well as theeoved. It is to the mechanism of engagement that
we must look to explain the dynamics of change ooy during human communication. The
effectiveness of our communication will be dependenthe manner of our engagement.

Complex systemseecomplexity

Complex system methodologies (CShfe of a recent date but they study in essence wgeal to be
called indirect effects, i.e., the long term efeaf relations between systems and or their
components. These methodologies study issuesroplexity

Complexity and complications:two opposing notionsComplexityimplies “unknowability”, i.e. the
existence / emergence of surprise and unexpecteVioeir that can not be understood by knowing
more details about parts and relatio@Bemplicationimplies aclockwork notion where a system
can be hard to be understood, but enough datalarmivfedge” about the details would make it
possible tanechanisticallyknow what is happening (Klir, 1994; Gleick; 19€79hen & Stewart,
1994). Also:

Complexity (@) Having many different, connected parts.
apparent complexity— Complicated in appearance, but with simple pasteunderneath.



detall complexity — Having a large number of different parts.
dynamic complexity- Having a great number of possible connectionsvéet the parts.
inherent complexity- Multiple, simultaneous feedback loops, small at@ons may make a large
difference.

Complications:seecomplexity

Conservationism:approaches where one aims at keeping or evenirestwhat is available, without
necessarily becoming conservative.

Constructivism, also: constructivist approach

Constructivist thinking:the notion that it is impossible to agree on athypoints, but that reality is a
construct of different opinions / choices. Condirist thinking in that sense is distant for the
notion in objectivist and positivist thinking that after sufficient definition and/otugdy one can
eventually agree on one objective truth (like tite&” of Plato!). Sesocial constructionism)

Context: alsoenvironmentor condition. The surrounding / environment that influencessystem by
providing inputs and by absorbing outputs. HSM getaifocus on short term effects and physical
issues (feed calendars, erosion, disease, soienutpalance), SSM includes social effects and
aspects operception.In a way theobserveris context of theobservedjust like the observed is
context of the observer. After some thinking ond gtart to realise that the sequercamtextor
systemcan also be reversed, albeit in some conditiong reasily than in others.

Control: the notion that we control nature and the phenanaeaund us. Some degree of control takes
place, for example in dictatorial states or in e@kpental research where conditions are fixed.
Control, however, always costs effort so eventutlhyill tend to show its expense bill at some
unexpected place and time. JBS took the natantrol or participationfrom Brian Goodwin (pers.
comm.).

Coping strategiesmethods to cope with stress / perturbations, ah suway that one does not meet
all requirements .... (as opposedsmiutiong

Cornucopian approachesan approach that assumes unlimited availabilityesburces, and/or the
capacity of technology to solve constraints (S@eservationisapproaches)

Critical system thinking:.... (see Midgley, 2002 and Jackson 1999)

Cybernetics (1)The science of communications and control in aniamal machine' (Norbert Wiener).
It focuses on how a system functions regardleswladt the system is — biological, social or
mechanical.

Cybernetics (2)Cybernetics, although often applied to the corfainachines, has long been one of
the foundations of thought about human communipatits central notion being circularity.
Cybernetics 'arises when effectors, say a motoergine, our muscles, etc., are connected to a
sensory organ which, in turn, acts with its signgdsn the effector. It is this circular organisatio
which sets cybernetic systems apart from othefsaitganot so organised' (von Foerster, 1992). In
first-order cybernetics it was the idea of feedbechtrol which mainly occupied the practitioners
(the term was coined by Norbert Weiner in 1948drginally used by Plato in its Greek meaning
of helmsman, or to pilot a craft or 'the art ofdie®y men' (Francois, 1997). In time the question
"what controls the controller' returned to view &Btulle, 1995a,b) giving rise to second-order
cybernetics in which the property of circularitychene the focus of attention once again.

Deductionanddeductive approach: ..

Developmentchange of systems, not necessarily positive ngatnee (see alssystem behavioQr

Dialectical relationship (2): As used in second-order epistemology, this raiatg continuously
exposes and holds together both sides of any digstimand keeps them connected in a recursive
way, e.g. the rangelands creating the pastoraististhe pastoralists creating the rangeland. The
pastoralist and the rangelands are now seen asplementary pair: they are distinct but related.
The dialectical and recursive process allows usotk at the quality of the relationship as a
variable in research.

Dynamicsandvariation:

Dynamic equilibrium (1):Continually changing in order to stay balancdd k tightrope walker who
must move and sway to stay upright.

Ecosystem servicesommon good outputs from a natural ecosystem amifey system such as water
and biodiversity

Ecosystem conditionrefers to the health or vigor of the process @tasystem



Emergent patterns /systems / propertigse way a system unfolds itself as a result ¢éraction
between / within itself and with the surroundingitaxt. Essentially the emergent patterns cannot
(yet) be predicted by knowing the constituent parighis respect one might wonder whether we
here have to do with a legacy of our reductionigtlition. Goodwin says that Newton tried to
separate light whereas Goethe worked on the narctiedist understanding of what happened
when different colors were combined. See also thi®ms on quantities and qualities. Also:

Emergent property (XA property that only arises when the system iskimgy, above and beyond the
parts that comprise it.

Energy: the capacity to do work

Entropy: a term from Thermo-dynamic theory that referd disorder of a system. A highly ordered
component has low entropy, a disordered comporesihigh entropy. The concept can be applied
to processes of the mind as well as of the madkeif hey would be clearly distinct)

Environment: alsocontextandsurrounding,

Equilibrium thinking: the notion inherent in positivist / mechanisticefuctionist and objectivist
thinking that all things will balance out. For exal that if we work hard enough one can avoid
famines, wars, poverty etc. Non-linear thinkingeskrregularities as a fact of life, , but that sloe
not exclude the notion that one can make choicgarding the direction and distribution of the
irregularities!! The emphasis on standards androtints likely to avoid irregularities with such
great effort that it will eventually backfire, elgy high costs for regulation and by high quargitie
of reject / recall cargoes (see Parker & StaceyHodgson, ...; Behnket al, ...).

Equitability: an expression of how evenly the benefits of a systee distributed across stakeholders
at the farm, community, regional or material levelg. how

Evolution (seesystem behaviouandco-evolution): the rather gradual adaptation of a system to its
context. Evolution of a system is basically a rditunist concept in which the system adjusts to its
context; whereas the concept of co-evolution alltvessystem and the context to gradually adjust
to each other.

Ex-ante and ex-post:

Extension (2) Agricultural extension was started in the latéhl@ntury in most industrial countries.
Over this period it has typically been expressea #isear process beginning with ‘research' and
finishing with 'diffusion’. The knowledge is initip generated through research and is then
transferred, via extension personnel, to the noradlucers. This proposed process has been greatly
criticized in recent times but is still the domihamodel-in-use.

Feedback:the response that a system gets froncdastext A feedback can beositive when the
environment encourages the behaviour of the sygtmntually leading to catastrophe and/or
lock-in); or negativewhen the context tell the system to dampen oraeds behaviour. Also:

Feedback (1)The output of a system re-entering as the ingpuh@return of information to influence
the next step.
balancing feedbackChanges in the system feed back in such a way apgose the original
change and so dampen the effect. Balancing feedi@sko reduce the difference between where
a system is currently, and its goal. Balancing bee#t limits growth. Sometimes called negative
feedback.
reinforcing feedback- Changes in the systems come back in such a sviyamplify the change,
leading to more change in the same direction. Resinfg feedback amplifies growth. Sometimes
called positive feedback.

Feed forward (1) When the anticipated effect in the future, thag hot yet happened, triggers its own
cause.
balancing feedforward Where the very prediction or anticipation of a apamrives the system
towards its predicted state - a self-fulfilling phecy.
reinforcing feedforward Where the very prediction or anticipation of a i drives the system
away from its predicted state — a self-defeatirgppecy.

First order change (2) Understands change as taking place in termsenittifitble objects with well-
defined properties. The understanding is gaineddogpting that there are general rules that apply
to situations in terms of those objects and pragerBy applying the rules logically to the sitaati



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

First order data (2) Such data describes a system as if it was anctblgeset of operations
functioning independently of its historical and isbcreation.

First order R&D (2). Here learning and action are based on the befief single reality — a 'real
world' — which can be approached a known objegtivehas been characterized by a reliance on a
high level of disciplinary knowledge (more recentlpultidisciplinary knowledge) and a 'fix'
mentality — expose the breakdown and attempt td.fix first-order R&D, the problem is clearly
defined, the solution is a technological one, amal harriers to adopting the solution are placed
fairly and squarely with the end-user community.

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

Fishnet (the metaphor of):

Food security:usually a national consideration of supply of faodelation to demand for food.

Fractal (1): A pattern that is made up of itself — an itedapattern.

Fractal behaviour: the repetition of form at various levels in timedaspace, i.e., the occurrence of
(mixed) systems at plot level, at farm level, dtage level etc. Another example is the whirl /
vortex from cigarette smoke which basically behasiesilar as a wind whirl or a tornado (though
obviously at another scale) (see Mandelbrot, 2001)

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

General systems theory (1Broup of ideas and practices built on the princtplt complex systems
share certain organizing principles regardlesshef ¢ontent, and these can be uncovered and
modeled mathematically.

Goal (1) A desired state, where the system is at resalaniced.

Hard system methodologies (HSM& system methodology that tends to focus on tndysbf rather
static (farming) systems, that do not change iretimor in the perception of the farmers, and that
can be explained by usingpdrd” data to quantify money flows, nutrient flows, taly calendars,
crop- or animal yields etc.

Hard Systemsthese do not exist, but one can think in termsfif er hard systems.

HEIA : High External Input Agriculture

Hierarchy: the way smaller systems are organized into larges.oFor example, atoms are part of
molecules, molecules are part of larger molecuhescells, cells are part of organs, organs are part
of animals or plants which are parts of herds dontspwhich are part of farms, which are part of
communities, villages, provinces etc.

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

Holism: described by some writers as the attempt — orpéineof an individual — to understand as
much of the “whole system” as he can. This is & adsthe individual ego striving to enlarge its
consciousness. But the original meaning of holisas that there is a sense in which the properties
of the whole cannot be inferred from the propertethe parts. As applied to the plural ego, this
means that the collective consciousness of the ‘ves’a grasp of reality which is greater than the
“sum” of the “grasps” of the individual egos. “Wate not just a collection of individuals but are in
fact an ego itself that is “more” than the conttibn of each individual's consciousness
(Churchman, 19677?; p 104).

Holistic approaches

Holon: the concept developed by Koestler (1967) thatséesy 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 systaren it can maintain itself
within acceptable limits in the face of unexpeatexturbances.



Homomorphism:seeanalogy

Induction (and inductive approaches)

Information (2): In a technological environment, information is alijee, independent of the human
mind and can be transmitted without ambiguity. He tvorld of the observer, 'everything said is
said by somebody' (Maturana, 1993) o or secondrociibernetics — information becomes a
slippery concept and no effects of communicatiamtoa controlled. Information in this view of the
world cannot longer be said to enter us, it is tiried by us.

Information and signals

Inputs: Biophysical, economic, cultural values, emotionalsocial factors that continue to shape a
farming system

Inter-subjectivity

Knowledge (2) In the view of the authors, knowledge does nfiecean objective reality but only an
ordering and organization of the perceptions ofweld constituted by our experience. From this
perspective knowledge arises in our relationshiils \aur' world and is granted by another even if
the other is oneself.

Lag time: the delay between the event and the “next” eveait 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 behaviodock-in / lock-out / path dependencythe development of
systems / thought patterns in such a way thatdbtmes difficult to change course. An example of
lock-in is a society that has put all its resourcene kind of development, and that finds it diffit
after some time to either return to previous wayd @alues, or even to move into other forms of
development (see Arthur, 1990).

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

Matter (seemind): refers mainly to biophysical aspects, and to sisees studied in HSM; e.g. a kilo
of grain and 2 ppm of a mineral can be measuredtirSents and qualitative statements about likes
and dislikes, social networks and power-relatioas oot well be measured with approaches
originally developed to measure “matter”. But sgrarenough, most economists will “measure”
economic aspects of life as if they were matterd Ao not ask a physicist what matter really is. A
stone and a grain is only hard at our human lefrebservation, at level of molecules the stone is a
large void ... (so to speak). The main point is thatexact line between matter and mind is hard to
draw, but because of their distinctive charactessthey have been separated as well as joined in
the history of system thinking.

Mechanistic thinking: the notion that systems behave like clockworkediptably and without
surprise. In that case they can even run backwdrdne would have enough information to get
that process started), and this notion squares wéh the ideas of Descartes (who was escaping
from an excess of mysticism and dogma). He figtiradif we would know the smallest parts we
would understand the whole, thereby overlookingéegent” behavior.

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

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

Mind — matter (the distinction between):

Metaphors:seeanalogy



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

Mode: combination of form and processes, i.e. the waystem behaves in spagedtime.
model: seeanalogyand Model (1): a simplified but practical desciiptiof how something works

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

MorphogenesisandMorphology:

Multiple realities

Non-equilibrium thinking: (seeequilibrium thinking):
Non-linear system dynamics:

Non-linear thinking (seelinear thinking):
Objectivism(and objectivist approach)

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

Observer (2):In cognitive science the observer is a term whioplasizes that we all become
observers when we are aware that we exist in arg@ndomain created by our operating in
language and in the domain of descriptions. By m@kinguistic distinctions, the observer makes
meaning of experience. As observers, we focus enginena to be explained.

Outputs: biophysical, economic and social outcomes fromreing system.

Organization (2) Theorganizationof a system is defined as a particular set otioelahips, whether
static or dynamic, between components which catsti recognizable whole — a recognizable
unity as distinguished by an observer. Organizatioelationships have to be maintained to
maintain the system — if these change the systdmarédies' or it becomes something else. This is
not the common definition of 'organization' whichdften of the more limited and questionable
form: ‘'organizations are groups of individuals bduby some common purpose to archive
objectives'.

Oscillation (1): Continuously moving past a fixed point, first amecside and then the other.

Paradigm a thinking mode; Weltanschauung

Participation (also interconnectivity)

Participatory rural appraisal (2)An evolution of rapid rural appraisal (RRA), whiclhaws on an
electric mix of tools and techniques, in which midealised form local people and 'outsider' R&D
professionals learn their way to some agreed utatetig from which projects or R&D action are
formulated.

Path dependencyseedock in

Patterns:basically another word for systems

Perception:the fact that a context is perceived differentlydifferent stakeholders. CSM studies how
a particular technology may be good in one place lbad in another. It also pays particular
attention to changes of context (which “providesl atsorbs”) and the subsequent changes of
system behaviour.

Perspective (1)Point of view.

Perturbation: A sudden usually severe disturbance to a systemasiéire or hailstorm.

Point attractor: seeattractor

Positive feedbacksgefeedback)

Positivism (and positivist approach)

Post-modern approacheshe approach in which the positivist / objectivideas about the behavior of
nature have been abandoned

Predator-prey relationsthe way in which a prey (e.g. a rabbit populaticesponds to the preying by
a predator population. The original model was dgwed by Lotka and Volterra some 80 years ago
for fish populations on the Italian coast near dapP



Probability: The likelihood of a specific event ranging fromma@ikelihood) to 100%.

Processesthe way “things” proceed (seeode

Production: the process or the output of that process, ofistinduishing between “waste” and
“useful” product (a highly contested dictinctiongeneral).

Productivity: a measure of system output, - the amount or vaflygoduct relative to an input e.g.
kg/ha or $/ha Punctuated development

Quality: the combination of a quantity or a something wisicontext.For instance, the number three
meansnothing (it has no quality!) if we do not know wher it refers to numbers of children,
prizes in the lottery, molecules in the mouth dfasse. Or an organic matter content of 5% is only
a quantity unless we know whether it belongs tag soil, a piece of art, a piece of steel ...

Rapid rural appraisal (2): A systematic but semi-structured study carried iouthe field by a
multidisciplinary team over a short time used as $harting point for understanding (usually by
‘outsiders") a local situation and based on inftionacollected in advance, direct observations and
interviews where it is assumed that all relevam@stjons cannot be identified in advance.

Recursiveness (2the description of a circular relationship sushtlze one that connects action and
experience — al knowing is doing and all doing i®Wing — every act of knowing brings forth a
world of experience.

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

Relativism:a philosophical approach that considers everythimgertain and that does n tend to stress
the need to take decisions, as donednstructivismwhere the observers do cope with different
opinions by constructing a common “reality”

Relativist thinking: the notion almost opposite of objectivism, i.eg totion that whatever we see
depends on how one looks at it, and that it rezdignot be determined what something really is
(...):

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

Resilience g¢eestability): the degree to which a system can restore itselhtoriginal state (Holling,
1973).

Risk: The likelihood of negative events or outcome cael@essed as a probability, calculated based
on empirical data sets of the past or of otherssilgowever,uncertainty cannot be calculated.
Uncertainty can be caused by a) a too low numbenedsurements which makes it impossible to
stick confidence values to the probability of theemt, b) the probability event being inherently
impossible to be calculated (e.g. the chance tietéa-level will rise to a certain level in a give
time), or c¢) the time series become so long thay ttefer to older data / contexts that are not
relevant anymore, or even misleading for todaysditions.

Routines:habits, ways of doing things (see Nelson and Wiri@85)

Scenario studiesseethought exipériments

Science a term coined in the entury. In Europe of the middle ages and upth#l 19" century
most researchers were Natural Philosophers, ie®plp who tried to better understand “nature”
and thereby God (e.g., Newton).

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

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

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



Second order tradition (2)Is characterized by the experience of 'awarera#siseing the agent in
generating key distinctions (e.g. what is the systender study; what is focused on and what is
marginalised; what is the 'problem' and what mighta 'solution’) and especially, that the objects
and events that we perceive are only knowable tirahe action of the person perceiving — the
‘'observer'.

Self-organisation: the way a system shapes itself according to thmbomation of internal and
external forces. A soap bubble is round becauskeotombination of internal forces that bind and
repel, as well as to the wind, the air-pressure atfer external factors. The mechanistic and
Newtonian notion of (linear) cause and effect losgsneaning in this respect. The same happens
with a lamb that seeks its mother when it getstijra 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 liviagganisms, which is, itself, based on the self-
referring process of cognition whereby the organisaintains itself in the world

Self-reference (1) Where a statement or event refers to itself, thie one.

Self-referential (2): The premise underlying 'self-referential' is tha lumans, we determine
(generate or create) the world that we experieBezond-order understanding implies that all
phenomena are self-referential in that they aré,buirror-like, by reference to themselves. The
notion of self-reference is in direct contrast to traditional value of 'being objective’ or holgia
'neutral position'.

Self replication

Signal: information and signal tend to get confused. Where “A” sendsignal to “B”it becomes
other information for “B” than what it was for “A”(based on Ray Isgpers. comm., 1988.

Social construction (2) Social constructionism has as its understandiag 'all meaningful
reality, precisely as meaningful reality, is solgiaionstructed. The chair may exist as a
phenomenal object regardless of whether any conscéss is aware of its existence. It
exists as a chair, however, only if conscious beicwnstrue it as a chair. As a chair, it too
is constructed, sustained and reproduced throughldibe' (Crotty 1998).

Soft system methodologies (SSkid/orthinking: tend to focus on “soft” social relations withireth
community, on emotions, on different perceptionseaflity and on changing attitudes in a world of
multiple realities (e.g. gender relations, sociaiworks, unstructured situations). The tésuoft”
unfortunately re-enforces the notion amohgrd’- system thinkers that it is something vague and
not-“measurable”, and “therefore” of no value. Bubne comes to work in real life one will
doubtless find that social and emotional barrierd aotions can beharder’ that the so-called
“soft’ notions (Checkland, 1999; Roberts and Van Haa2€03).

Soft Systemsthese do not exist, but one can think in termsofif ®r hard systems.

Solutions: the outcome of a simple or even complicated butitcomplex or impossible problem. In
other words, a complicated calculation or decigicocess yields one answer that will stand forever
(in practical terms). For example, the multiplicatiof 23 x 54 is 1242, and that will stand — nor
cause problems - no matter what happens afterwsedsoping strategies

Space-time diagramsseeattractors

Speciation:development of different systems from a similanfdsee figure 1.4)

Stability: refers to the natural variation in system outpatwlvariability indicates stability.

Structure (1) The way in which elements in a system are orgahiz

Structure (2) The structure of a system is defined as the set of current @eaccomponents and
relationships through which the organization ofstem is manifest in particular surroundings (see
structural coupling and structure-specified sys)enihis definition is analogous to North's
definition of 'institutions' but arises from a @ifent intellectual tradition.

Structural coupling (2) The critical linkage of an organism and its medi(environment / context),
which could be another organism, is expressedraststal coupling. The autonomous operation of
the nervous system — and on the next stage upergamism as a whole, means that it is capable of
changing its own structural dynamics and thus msfiguration with its environment. This
engagement with another (structural coupling) ipethelent on its history of coupling (recursive
interactions), with each coupling triggering chamgech brings about the next possibilities.



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

Structure: the arrangement of parts in a system, can be limgd-like, hierarchical etc.

Sustainability/ sustainable development:

Symmetrical relationship (1)One in which participants match behaviours, raedptg in the same
way.

System (1)A system is an entity with a purpose, that mangéts existence and functions as a whole
through the interaction of its parts.
closed system A system, which in theory has no interaction withénvironment. In practice, all
systems are open to some degree. The more closegdtem, the more the energy runs down
within it. (The Law of Entropy).
open system A system that interacts with its environment, gagrresources across the boundary.

System (2)1t is the observer (any person acting purposefullgp, by means of making a number of
distinctions (decisions), specifies that a systsna iunit distinct from its background. The unit
(system) is typically made up of a number of relaghips and is given a purpose by the observer
and said, again by the observer, to have a funetimhstructure.

System (mode)he combination of a system aarst and aprocess

System (processpa well established procedure or way of doing thirtgpr example, dairy production
can be done in a subsistence or commercial wagnitboe based on high or low input use, it can be
done mixed with crops or in a more specialised atay

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

System behaviour also development, evolution, lock-in, co-evolution)s just another word to
describe aspects of system-developmigrtccurs at all levels of the hierarchy and ieehappens
to be quite similar over different levels. Indeadl, systems “eat and defecate”, they have some
central co-ordination; they all emerge at one pointime. Most systems reproduce in one way or
another and they all disappear at one point of {imey “die”). In the meantime they continuously
change their composition: a dairy farm may seefetquite similar over a period of time but the
herd composition and/or physiological status ofdhemals and the family changes on time scales
of a day, seasons and over years. This so-cilethl behaviouris central in the understanding of
systems since it allows the use of analogy thrambith one can better understand the behaviour
of one system by studying another. Typical formssgétem-behaviour ardotk-in” where a
system gets stuck in a particular way of doingdhjriself-organisatiori .... Etc.

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

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

System hierarchy:

System thinking (L) A way of thinking that focuses on relationshipstvieen parts forming a
connected whole for a purpose.

Systematic (1)in a planned way. Not the same as systemic.

Systemic action research (2Jhe espoused role and action of the research@rysmuch part of an
interacting ecology of systems. How the researpleeceives the situation is critical to the system
being studied. The researcher acknowledges thalhédieih collaboration with others, generates the
system.

Systemic (1)Using systems ideas.

Systematic:methodological, but assuming that a system asepsor unit can be taken apart in
different distinct steps

Thermodynamic:see thermodynamic theory.



Thermo-dynamic theorythe theory about how energy can be destroyed neatexd, but changed of
form, and easiest in one direction of increasingpdier (entropy. The theory is developed in
distinct ways: a) based on empirical measures usiggm engines and the like (Clausius c.s. some
200 years ago), and b) based on reasoning abobalplbies (Bolzman some 100 years ago).
Particularly the latter approach to the same phemmm is more accessible and probably more
useful / apprehensible in terms of concepts foioseconomic application. These notes make it a
point to state that thermodynamic theory is notekelusive domain of physics, but a reflection of
system-behavior that underlies the level of bassciplines such as physics (of the matter) and
sociology or psychology (of the mind).

Thought experimentgalso calledscenario studies the use of calculations to study system behavior
under conditions where experimentation is not gmsr difficult. Einstein was a typical user of
thought experiments, and other examples from algmi@l sciences include Crotty (1980) and Von
Thunen (1850). Thought experiments generally do apyeal to people that stem from more
empirical and inductive traditions. They are, hoamean indispensable tool to establish hypotheses
that might / need be tested under experimentalitons.

Tragedy of the commons (1A systems archetype where a shared resourcesisiged by individuals
and so gives less and less benefit to all.

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

Uncertainty &eerisk andprobability):

Understanding (2):This is essentially an experience, a form of agesd, a knowledge which arises
in our conversations — our living together — andiclvhis not known through properties of
something independent of us. Only when we dandbérflow of one another's emotions can we
experience understanding.

Sources:

1. System thinking glossary (www.lambert.com/Systegsgf®s.htn)

2. Ison, R.L. and Russel D.B., 1999. Agricultural esien and rural development: breaking out of
traditions. A second-order systems perspective.ligige university Press, 231 pp

3. Koops and Schiere: lecture notes




ANNEX 2 QUOTES

- Paradigm in Greek means example
- Some scientists analyze and analyze until theylyaa.
- The I Ching has 64 patterns to describe life
- lam not afraid of politics, but don't kill eachhar...
- Flattery is alright but do not inhale it (...)
- Devil comes frondia-bolos(two spirits)
- Avoid politics, but do not walk away from it
- Is it a weak signal or a small deviation?
- |l am sorry but | do not apologize
- Afish 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 thinkiag ¢heated 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 standlazah move the earth.
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