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The conceptualisation of robust production systems

a) doelstellingen en opzet—hierbij dienen zowel de tisahappelijke aanleiding als de
daarvan afgeleide wetenschappelijke aanleiding teen beschreven, en de
manier waar de wetenschappelijke operationaliserieig opzet zijn afgeleid van de
maatschappelijke aanleiding (vertaalslag maatschefjxe observatie—
wetenschappelijk concept);

After the Second World War agriculture in Europs bhanged dramatically from a
countryside with many small mixed farms to a fegy §pecialized farms. This not only
led to a huge increase in production, also agucellhas become much more vulnerable
to disturbances. From a systems approach theséenayerpreted as unwanted
fluctuations.

Ten Napel, Bianchi & Bestman (2006) discuss twaagghes for dealing with unwanted
fluctuations, the so called Control Model and trdaptation Model. The Control Model
uses protection and intervention to keep balanddsathe prevailing model. It has been
successful in improving productivity enormouslyaimelatively short period by
controlling external disturbances. In order to cohthese external disturbances strict
controlling measures (preventive drug use, rept]drigh hygiene etc) are necessary.
However, a number of problems concerning efficieang negative side-effects became
apparent (Ten Napel, p.3). For example freak aotsdmay have dramatic consequences,
but also chronic stress and overburdening of asinsall degradation, an emerging pest,
weed and disease problems. Most of these sidetetiave unwanted societal,
environmental, economic and animal welfare consecgse

Under the Adaptation Model the design of productgstems and processes is optimised
for stable performance in the normal bandwidthaefrses of variation. The Adaptation
Model tries to reduce the consequences of soufogriation by returning to the original
position after a disturbance. Rather than elimngathe sources of variation, the
management of these sources is important. Thigrie 8y designing a robust production
system “The concept of robust design is to usesbbomponents and set control
parameters in such a way that deviations fromdkalifunction caused by the present
disturbances are minimal.” (Ten Napel, p. 7) Thecept of ‘robustness’ has been
transferred to agriculture from the manufacturears and microchips.

The basic idea behind the introduction of the cphoérobustness is that not only
production systems but also (traditional) breedifiife stock and crop plants used in
these production systems needs to change its fdcaditional breeding with a dominant
focus on efficiency and production has resultedaneties and life stock adapted to
sensitive production systems that, although higtfiligient and productive, are
vulnerable for external disturbances. The ide&as by adding robustness as a goal to
production systems helps to solve these problenith Mbustness as a goal for research
we might be able to create animal and plant vasdtiat fit in sustainable and social
acceptable production systems. In three TAG W&ismal production systems, pip



fruit and greenhouse plants) robustness is an important research Gaging this
project, this concept was further elaborated, dngwan literature which discusses similar
notions, such as Bad al. (2003).

The process of the introduction of the concepbblustness in research projects is open
for improvement, because of at least five reasons:

» Firstly, Ten Napel does not define robustnessgcbaohects it loosely to the
Adaptation Model. In common language the word ‘sitbbas connotations like
‘is able to resist’ or ‘will not move under pressurmen Napel suggests a kind of
flexibility: ‘returning to the original position &#r a disturbance.’ It remains
unclear why the existing systems are non-robustaivére suitable indicators to
conclude that they are not? Also, the social aspaad implications of robustness
are not discussed in the project proposals. Theiseeptual problems need to be
clarified.

» Secondly, the WP’s are about different systems asabpen field
cultivation/production system (apple), protectedication/production system
(green house) and (semi-)protected laying hen mtomlusystems. From a
systems-theory perspective different productionesys could give rise to
different translations of robustness. It is to kpezted that these systems will
have different specific robustness factors. Thie tiatween different systems and
robustness must be explored, with a focus on stau#drs.

» Thirdly, a production chain like the pip fruit insluy has to translate the general
idea of robustness into specific elaborations. Salahorations will require the
co-operation of a variety of actors. Thereforeséhelaborations typically are
being designed in interaction between the diffestaiteholders in a production
chain. Their values and choices have influencedrtreslation of the production
chain problems into the concept of robustness.sble@al background of the WP’s
needs to be made explicit. Theoretically, this lsariramed as forms of learning
between different kinds of actors (Grin and Varitaaf, 1996)). More
specifically, as we know from earlier analysesiofikar projects (Roep et al.,
2003; Grin et al., 2004; Bos and Grin, 2008) awdnfthe area of spatial planning
(Healy et al., 2003) they have repercussions fetitutionalized rules, resources
and actor configurations within and between theketaknowledge
infrastructure, government and society. The wayshich thus feeds back in
project needs to be better understood.

* Fourthly, the specific translation of robustnesa itertain production chain like
the laying hen industry has been translated imsi@ie problems in a WP. The
way in which such transdisciplinarity is being givehape deserves further
attention. This may be looked into from the growiragly of literature on
transdisciplinarity (Gibbons et al., 1994).

» Fifthly, the interaction between the scientific Wwan the WP’s and the production
chains is focused on technical solutions to proklemproduction systems.
Robust solutions aim at sustainable and socialpabke production systems.
Involvement of stakeholders and consumers has torbeged and managed in
order to use the scientific results in the diffén@roduction systems. This



prescriptive interest will be met on basis of de@fon on the analysis in terms of

the previous four points, in joint sessions of tmam and the WP project leaders.
This project focuses at the social aspects ofttensfic development of robust
agricultural production systems as a step in thesition to a more sustainable and social
acceptable agriculture.

Detailed problem definition and r esear ch objectives

In setting the research agenda for agricultureg@afly in plant- and animal sciences
robustness is rapidly becoming a key concept. Dineept is introduced to criticise the
existing scientific practice and to stimulate trensfer of agricultural production towards
a sustainable and social acceptable productioesysthe general aim of the research is
to contribute to the social implementation of rdbess in the interaction between
different agricultural production systems and stferresearch.

This social research project has the following aims

1. to clarify the content and use (scientific trariskag) of the concept of ‘robustness’ by
discussing its justification vis-a-vis the transits towards a more sustainable and
social acceptable agriculture.

2. to investigate the relation between different kinflsystems and different
translations of robustness and to describe spdsificial) robustness factors in a
general manner;

3. to analyse and assess the dynamics of the intendagitween the different societal
stakeholders (including agricultural users) andrethiand plant sciences using the
three WP’s as examples

4. to develop instruments to improve the quality a$ ihteraction

Key problem

Ten Napel et al. (2006) argue that developing rotmss as a characteristic for
production systems is a way to achieve both susbtéerand social acceptable agriculture.
However, a uniform definition of robustness is rmgsAs a consequence, for different
kinds of problems both societal stakeholders amehfists may use varying
conceptualizations (or production chain specifamiations) of robustness. Unclear is in
what way societal concepts of robustness are limanglated into scientific research
guestions. To justify robustness as a researchfgoalstainable and social acceptable
agriculture its relation with sustainability anccid acceptability, as well as its content
and its power to steer to solutions needs to beldped.

A better understanding of the dynamics of the pge@®ciety-science-society
translations, especially the normative backgrounahich they take place, is needed to
ensure that scientific results are directed atdbatified problems and are translatable
into applications.

Hypotheses:
In the project several hypotheses play a role.

1. With regard to the strategies toward robustnesexpect that:
* There are different concepts of robustness



» Different stakeholders hold implicitly different a@s and choices about
robustness

» Different concepts of robustness could lead toeddint translations of robustness
into research questions

2. With regard to the case studies we expect that:

» There is a difference between animal- and plamneas in the way robustness is
conceptualized,

» There is a difference between protected and opkination in the way
robustness is conceptualized;

* Value judgements play a key role in the translatibrobustness;

* There are different normative backgrounds in tmedltase studies;

* There are different social aspects in the three-stigdies;

* In the three case-studies there are different genaents used to stimulate
involvement of relevant stakeholders.

Specification of the general questions:
1. What is the meaning of robustness?

* What is the meaning of robustness in general? Hatrelated to sustainability?
What does it mean that robustness is a (stakehotderpretation of
sustainability?

* What are the different conceptualisations of robess in animal- and plant
sciences?

e For which problems are these conceptualisatiomduaicn?

* How does robustness lead to more sustainability?

* How does robustness lead to social acceptability?

2. What are the relations between different kindsudtivation/production systems and
different translations of robustness in the thraeesstudies?

* What are the relevant systems in the three caskest

* How is robustness translated in the different sgsWhich normative
frameworks are used in these translations?

» Are there specific (social) robustness factors ive in the different systems?

* What is the responsibility of the scientists regagdhese translations of
robustness?

» Does robustness as a ‘scientific goal’ change rekea a practical way?

3. What is the dynamics of the interaction betweerdifierent stakeholders (including
agricultural users) and the animal and plant sciesian the three case-studies?

* How autonomous are scientists in this process?

* What are the similarities and dissimilarities betweglant and animal with regard
to the role of robustness and of stakeholders?

* What are the similarities and dissimilarities betwaatural- and artificial
production systems with regard to the role of robess and of stakeholders?

* What are the different arrangements around plashaaimmal robustness that are
created to stimulate involvement of relevant stakdérs? How do they function?



4 Can we develop arrangements (instruments) toorgthe quality of the interaction
between science and stakeholders of the diffepentiuction systems in the three case-
studies?
* What can we learn from the current practice? (Baguoh the answers under 1,2
and 3)
* Can we translate the answers (under 1 & 2) into piaatical arrangements?

M ethodological design

This PhD project was set up as an interdisciplimaoject, with four steps to answer the
abovementioned research questions:

1. An analysis of the role that robustness andsbproduction systems might play in a
transformation towards a more sustainable and lsact&ptable agriculture. This has
been done by a desk-study into literature on rofasst with a focus on the social aspects.

2. An analysis of three case-studies, with a speerhphasis on the systems involved and
the role of social aspects. In a qualitative stakddr analysis the perspective of the
stakeholders of the three cases has been analysathiques used in this method include
desk research and semi-structured interviews.

3. Based upon the description of the three caskestuve will scrutinize current practice
in order to identify the needs and possibilitiesifoprovement. Specific emphasis will be
given to system management and the role of staer®hnalysed in the first part of the
project.

In this social science project it was the intentiorclosely co-operate with three bio-
scientific WP’s which have been used as case-gtudie

» Stacking functionally expressed apple genes foalderresistance to apple scab.
This is a WP of Transforum Agro & Groen which issly linked to the
Integrated Project (IP) ‘Healthy pip fruit chailat focuses on regulatory aspects,
communication and acceptance of cisgenic scaltaesiapples. The aim of the
project is to improve fungicide resistance by depelg apple varieties that have
a durable resistance to apple scab.

* Robustness of animal production systems: concaepapplication. This is also a
WP of Transforum Agro & Groen which aims to devetmav market concepts for
the laying hen in husbandry system, pig meat priooluchain and dairy farming,
new chains around these concepts, and innovategihkg systems in these
chains. This project tried to reach a breakthrangimimal welfare and to gain
societal acceptance by establishing new alliances.

* Green house plants The SynErgie WP aims at thdafmwent of energy-poor or
even energy-producing greenhouses. The SynErgjegpitwas identified a
number of barriers that obstruct the developmemrinefgy-producing
greenhouses. Removal of these barriers will leahtégro Innovation System
which reduces the energy use by the greenhousstiiydspectacularly while an
optimal production of vegetables, cut flowers antidants is achieved. In
addition the produced energy by the greenhousersysill be marketed and add
to the financial outcome of this activity.



These 3 WP'’s provide material for case-studies.HM@ students (together with their
supervisors)of the 4 projects have met severalsitoeliscuss robustness in general and
robustness of each project in more detail.

Aimed project deliverable(s)

We expect results on three levels:
* Aninventory of strategies for robustness from stainability perspective (done)
» scientific improvement of the science- societytiefaand the role that societal

values, and contested scientific developmentsipl#lyis interaction (in progress)

* improvement of stakeholder involvement (in progyess

Content of thesis (concept)

Introduction

Chapter 1. The concept of Robustness

Chapter 2. Robustness and Agriculture

Chapter 3. Robust Animals

Chapter 4. Comparison of robust open and closdeérsgsin agriculture

Chapter 5. Social Robustness

Discussion and conclusions

Planned promotion date: June 2012

b) samenvatting van de verkregen (wetenschappelijlesuftaten en aanbevelingen,
zoals verwoord in de (wetenschappelijke) publicatidet proefschrift
(toolbeschrijvingen, cases, rapporten, ervaringégssen, inzichten);

This PhD project was set up as an interdisciplinargject. During the first period,
research was in the first place focused on theeqnel analysis of robustness in general
and in the second place focused on an analysibeofdle that robustness and robust
production systems might play in a transition ta¥gaa more sustainable and social
acceptable agriculture.

Theresult of the first study is a classification of conceptualizations of rabess. It is
based on an extensive literature review and cansisthree organizing principles: 1.



system stability; 2. system behaviour; and 3. sysenvironment. We discuss these
principles below:

System stability

Our first organizing principle relates to differeadpects of stability. We distinguish two
ways of looking at system stability (see also (kglland Gunderson, 2002; Jen, 2005;
Kitano, 2007). The first assumes that systems lmeeesteady state or equilibrium and
relates stability to system performance in the meogirhood of this steady state. In this
view, robustness refers to the capacity of a systemwithstand perturbations and to
stabilize an optimized efficiency steady state. Wiérefer to this view as ‘efficiency of
function’ perceptions of robustness. Efficiencyffiction perceptions of robustness are
typically found in engineered systems where sydtemtions are related to qualitative or
guantitative output levels and robustness is medsiarterms of sensitivity, resistance or
rate of return. In agricultural contexts, efficignof function perceptions of robustness
include for instance water use efficiency aspetwrought tolerance, disease resistance
and ability to recover from disturbances.

The second way of looking at system stability asssithat systems have multiple steady
states and are mainly found in descriptions of secological systems (Walket al,
2005; Levin and Lubchenco, 2008). Rather than definobustness as ability to keep the
system in an optimized efficiency steady stateustiiess as persistence refers to the
capacity to maintain a particular state of balanae,to persist in one configuration,
rather than another. We will call this view the rgstence of functionality’
conceptualization of robustness.

Persistence of functionality is expressed as a matgof disturbance that a system can
withstand before it moves to an alternative stestdte. Consider for instance food webs,
the robustness of which can gradually decline dukiadiversity loss, thereby reducing
equilibrium stability and increasing the chancegrahsitions to alternative steady states
(Gilbert, 2009). Examples also include settings hwinoral hazard, such as the
evolutionary robustness of altruism against invasiof selfishness (Alger and Weibull,
2006) or the robustness of high sellers effort niine trading environments against
cheating incidents that could lead to an altereagquilibrium, in which “sellers will
always cheat and buyers will expect them to do(Bellarocas, 2003).

System behaviour

A second organizing principle concerns the behavafusystems, i.e. the ability of a
system to cope with disturbances. We distinguis thfferent system views and
corresponding premises concerning system behavidhe. first view pictures systems
steady states as essentially unstable and presamesessity of continuous supervision
and regulation. We will refer to this way of copiwgh disturbances as ‘control’.

The second view assumes that systems have one m stable steady states, or
equilibriums, towards which systems will returneaftlisturbances. We will refer to this
system behaviour as ‘adaptation’. Ten Nagelal. (2006) make a similar distinction
between a traditional control model and a presummede robust adaptation model.
However, the difference between the two models ilethe ability of systems to cope
with disturbances independently and the changéahiticorporated in the systems



design. The control model suggests that the systeeds human support to maintain
function. Control models characteristically pictuagstem steady states as unstable, for
instance as a sphere on the top of a hill or asnabyalancing on its top. One can image
that when the control fails, the system risks alfatollapse. In a control model,
robustness may therefore refer to insensitivityams changes, or the lacking need for
external implementation of changes to create sudenisitivity (Fricke and Schulz,
2005). Adaptability, on the other hand, refers Bystem’s capacity to adapt successfully
towards changing environments. Under the adaptatiodel, the system steady state is
typically being pictured as an equilibrium, fortaisce as a sphere at the bottom of a cup
or valley. Not only does this suggest that it isdht disturb the system, it also suggests
that the system will easily and naturally returntgostable position at the bottom of the
cup. However, robustness in an adaptation modebhtsndescribe a system'’s ability to
maintain functionality through changing itself un@ewide range of environments. These
differences in perception of system behaviour ssgtet system behaviour is a second
organizing principle in a robustness taxonomy.

System environment

A third, and final organizing principle of robustserelates to the underlying forces that
shape disturbances. We distinguish perceptiongstémsis in static environments (Pimm,
1984; Clausing and Frey, 2005; Fretyal, 2007) and systems in dynamic environments
(Walker et al, 2005; Webb and Levin, 2005; Carpenter and Br@€Q8; Levin and
Lubchenco, 2008). The contours of static envirorniseme fixed over time, while the
contours of dynamic environments constantly chamgestatic environment assumes
either one equilibrium or steady state, or cycleshange that move a system though
alternative, but predictable and successive stetales. The static view suggests that
both disturbances and system responses are ptadickadynamic view on the contrary
presumes that reality is full of unpredictable dyies that can alter the environment.
Robustness has a likely different meaning in sitid dynamic environments, as system
stability in dynamic environments becomes increglginelated to unpredictable changes
in system variables and environmental dynamics.

Based on these principles, we suggest a concepama¢work of robustness, comparable
to Jordan’s (1968) dimensional systems taxonomy ditganizing principles described
above relate to bipolar dimensions of system rofasst. Indeed, system stability is either
related to efficiency of function, or to persistencf functionality. Likewise, system
behaviour is either control or adaptation and tyg&esn environment is either static or
dynamic. We believe that different conceptualizadimf robustness can be reduced to
different combinations of dimensional descriptiofts, instance Efficiency — Control —
Static (ESC).

The three organizing principles, or robustness dsimns thus generate a frame of
reference consisting of eight dimensional desaiithat represent what we believe are
eight different robustness conceptualizations. mdeuline differences we use synonyms
of robustness meanings (robustness as...) to refdégree conceptualizations (see table
1).

Table 1. ataxonomy of robustnessin dimensional descriptions



Dimensional description Robustness as ...
1. Efficiency, Static, Control (ESC) Reliability;
2. Efficiency, Static, Adaptation (ESA) Resilience ¢Hliicity);
3. Efficiency, Dynamic, Control (EDC) Insensitivity;
4. Efficiency, Dynamic, Adaptation (EDA) Invariability;
5. Persistence, Static, Control (PSC) Continuity;
6. Persistence, Static, Adaptation (PSA) Resiliengaghtude);
7. Persistence, Dynamic, Control (PDC) Applicability;
8. Persistence, Dynamic, Adaptation (PDA) Evolvability

Although the content of robustness may still beleeng the first study has described
eight meanings frequently given to robustness liastion to different system views. The
second study will specify which of the conceptuatians discussed here are applicable to
agricultural systems.

The result of the second study suggests that robust systems are neither vulregrabt
stable, and that robustness is not a clear cuémsygtature. Rather, robustness relates to
an intermediate sphere, in which aspects of vubiésa and stability are mutually
exchanged to optimize a system’s capacity to cojle koth ordinary and occasional
perturbations.Robustness is thus a strategy to cope with specific aspects of
vulnerability in the absence of specific stability properties.

We distinguish three aspects of vulnerability, nBnaesystem’s exposure to a particular
perturbation, a system'’s resistance to withstarsdetkposure, and its resilience to recover
after being exposed to this perturbation. Exposueasures the vulnerability of a system
as a relational property of system and environmtegether, while resistance and
resilience are system features irrespective of éheironment in which the system
operates. This is why exposure is regarded therredteside of vulnerability. For a
designed system it is important to understand véretihe vulnerability of a system is
experienced as a system feature or as a relatmogkerty. Indeed, as opposed to the
internal lack of capacity to cope with perturbasipthe external side of vulnerbility can
be controlled with preventive control measures.l&dbsummarizes possible relations of
a system (S) in relation to a specific perturbatieh Column 1 lists the three aspects of
vulnerability. For each of these aspects extremaevable situations (column 2) and
their contrastive stability images (column 4) aedirted.

Three robustness states (column 3) exist on imagicantinuums with tail ends
representing vulnerability aspects on the one aiktheir contrastive stability images on
the other side.

Vulnerabilit | Extreme State of robustness | Stability image | Robustness | Related terms
vulnerable strategy
situation

Exposure S is never S is released from | S is always Avoid constant,

released from | exposure to P in | released from constancy,




exposure to P | specifically exposure to P reliability,
(relational) designed and (relational) control,
controlled avoidance,
environments invariance,
(non-
)exposure
Resistance S never has | S has sufficient S always has | Resist resistant,
sufficient resistance to resist| sufficient resistance,
resistance to any exposure to P | resistance to tolerant,
resist any without loss of resist any tolerance,
exposure to P | structure and/or exposure to P susceptible,
without loss of | functionality within | without loss of susceptibility,
structure and/or| normal bandwidth. | structure and/or (in)sensitive,
functionality. functionality. sensitivity,
fragile, remain
Resilience S never has | S has enough S always has | Recover (non-
enough resilience to enough )resilience,
resilience to recover from resilience to recovery,
recover from temporary loss of | recover from return,
loss of structure structure and/or temporary loss recurrence,
and/or function | function caused by| of structure restoration,
caused by exposure to P and/or function adaptation,
exposure to P. | within normal caused by balance,
bandwidth. exposure to P. equilibrium,
regain

Table 1. States of robustness between vulnerability at worst and idealized images of

stability.

States of robustness

Robustness is a state of relative system stabilityelation to a specific perturbation.
States of robustness are relevant with regard stes)s that persist, despite the presence
of perturbations that could potentially harm thetsyn structurally or functionally. In
other words, robustness is a feature of systeniatbaieither in a completely vulnerable,
nor in a completely stable situation, but alwaymewhere in between. We term these
situations states of robustness (column 3).

Robustness strategies are management strategiesrthto strengthen a particular state
of robustness. We term the robustness strategiegl,aesist and recover.

Robustness strategies refer to a defined systespeaific perturbation, and primarily
relate to one of the states of robustness. Consittempts to improve the vertical
robustness of tall buildings against earthquakes

Use of robustness in animal husbandry



In ourthird paper we concentrate on one of the TransForum SciemRifogects, namely:
Robustness of animal production systems: concepiapplication. This project aims to
develop new market concepts for the laying hen hodbandry system, pig meat
production chain and dairy farming, new chains atbthese concepts, and innovative
keeping systems in these chains. The project tdeseach a breakthrough in animal
welfare and to gain societal acceptance by estabj:new alliances.

We will argue that Robustness is required to ptosgstems against perturbations that
could possibly harm (change) the system structurali functionally. Hence, the
perturbations against which systems develop rolksstare sustainability problems (fig
1).
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System (S) ... ... is in a state of robustness against ... ... perturbation (P)
External social
sustainability
1. Food safety
o
2. Animal health S
S
3. Animal welfare E
o
PROCES OF " ]
CONCEPTUALIZATION 4. Landscape quality <
o
5. Use of undisputed products| 5
SOCIETAL IMAGE OF =
ANIMAL HUSBANDRY I3
System boundary Internal social §
sustainability >
1. Socio-ecological =
/ 1. Working conditions ]
2. Sector .%
- | SCIENTIFIC (PROBLEM) 5
3.Farm DEFINITION OF SYSTEM, \ i inabilif s
VULNERABILITY AND Economic sustainability 5
-3
4. Herd STABILITY 1. Profitability >
5. Animal 3
c
5
Ecological sustainability e
»
APPROACH AND e 5
SOLUTION: ROBUSTNESS 1. Butrophication 2
3
£
<

3. Dehydration of the soil
4. Acidification

5. Biodiversity

Figure 1. Conceptualization process of Robust anhmabansdry. Figure 1 shows
that robustness has relevance only in relationpecified systems and specified
perturbations. Rather than being robust or not sgbsystems can be in different
states of robustness, depending on their strategyope with perturbations.
Perturbations against which systems develop robastare sustainability problems.

Scientific literature about robustness in animalsbandry systems is limited to
physiological, behavioral and immunological quabkti Robustness is mainly associated
with vigorous animals, and reducing the negativeea#$ of constant selection on
production. Both research papers and policy doctenshow a clear relationship
between robustness ansd animal welfare and aniesdthh(LNV, 2007a, b; Van der
Weijden, 2007). Robustness is, in other words, @alhg conceptualized at animal level,
where it refers to the inherent self-regulatiorairange of environments on the one hand,
and the capacity to adapt to changing managemehthaalth conditions of the other
hand(Kanis et al., 2004; Kanis et al., 2005; Tepdlat al., 2006; LNV, 2007b; Star et



al., 2008; Klogic¢ et al., 2009). This suggests that, in the livdsteector, robustness is
regarded a system property.

Robustness strategies in the livestock sector aistrengthen the capacity to cope with
disruptions, both in terms of resistance as in $erof recovering capacity. This

interpretation is typical of what has become knaagn'engineering resilience' (Holling

and Meffe, 1996), i.e. the amount of time a systezads after a disruption to regain a
functional efficiency level that is considered natm

Breeding programs that focus on such recovery temelect, for example, on the rate
of return to positive energy balance after energhaitice nadir (lowest energy balance)

during early lactation, which was found to affeataw/'s luteal activity and day of first

heat(Berry et al., 2009; Pollott and Coffey, 200@all et al., 2009). Selection for high
milk production may have reduced the capacity atating cows to regain positive
energy balances. System properties that are navg Iseien as robustness qualities, have
received little attention in breeding programmeasdecades. As a result, these qualities
were slowly eliminated in favor of quality prefeoms of consumers and processing
industries. Consider genetic correlations betweelk production and sensitivity to
mastitis (Simianer et al., 1991) and between fodficiency and environmental
sensitivity(Knap, 2005). Similar trade-offs occarrion-agricultural systems, such as the
internet(Carlson and Doyle, 2002; Csete and D&062; Willinger and Doyle, 2005).
Although it is generally assumed that breedingeaatneed to be adjusted, the solutions
to these trade-offs are not straightforward, palidy concerning the question whether
breeding criteria should lead to specialists fagc#ic environments or rather focus on
ability to adapt to changing conditions. Kanis et(2004) argue that animal welfare
relates to the maintenance requirements in a spemifvironment and conclude that
animal welfare should be improved by selection ow Ineeds and high functional
efficiency. On moral grounds, Star et al. (2008yergly advocated implementing
robustness as a breeding goal for both animal iheadtl animal welfare reasons, each
related to the ability to function optimally in arge of conventional production systems.
The EFSA described robustness in 2009 as "the eafe¢he possibility for a population
of animals to have the capacity in its gene pooldeal with a wide range of
circumstances”, and called on to reduce the lossetli by thoroughly revising the
prioritisation of breeding criteria(EFSA, 2009). deat research, however, also shows
that the ability to adjust to changing conditioasbt only genetically determined. Early
life experiences can increase adaptability at lager (Walstra et al., 2010).

Robustness of animal production systems: a TransForum scientific project

The starting point for the scientific projed®dbustness of animal production systems:
concept and applicationvas the TransForum working paper called utilizingrinsic
robustness in agricultural production systems (Napel et al., 2006). Their paper
discusses two approaches for dealing with unwafitetuations, the so called Control



Model and the Adaptation Model. The prevailing GohtMlodel uses protection and
intervention to keep balance. It has been sucdedsfuimproving productivity
enormously in a relatively short period by conirgl external disturbances. In order to
control these external disturbances strict cont@limeasures (preventive drug use,
repellents, high hygiene etc) are necessary. Howaveumber of problems concerning
efficiency and negative side-effects became appaFen example freak accidents, but
also chronic stress and overburdening of animals,degradation, an emerging pest,
weed and disease problems may have dramatic caersegpl Most of these side-effects
have unwanted societal, environmental, economicaaidal welfare consequences.
Under the Adaptation Model production systems aratgsses are designed for stable
performance in the normal bandwidth of sourcesapiation. The Adaptation Model tries
to reduce the consequences by returning to thenaligosition after a disturbance.
Rather than eliminating the sources of variatidie management of these sources is
important. This is done by designing a robust potida system. Ten Napel et al. (2006)
use a broad definition of robustness: minimal \ama of target features following
disturbance. In the research proposal, the metbggialf Robust Design is mentioned as
“a promising methodology to utilise robust compaseand design the production
process for minimal variation”. For crops and liwek this methodology would involve
“utilising and supporting their intrinsic abilitp tdeal with disturbances by adaptation. In
the research proposal, robustness is defined niyrrasvan ‘ability to switch between
underlying processes to maintain the balance’.tBelto controlled livestock systems, it
is argued that a controlled system is robustlylstéht remains stable if the system is
slightly changed, and has a robust performance whgrerformance stays more or less
the same if the system is changed a little.

Recur sive contr ol approach

Bram Bos, Peter Groot Koerkamp and Karin Groenegios et al., 2003) outlined and
discussed a novel design approach for livestoclsinguased on recursive control. This
approach considers the natural behaviour of aniasbmn integral part of the functioning
of livestock systems. Rather than suggesting thia@ behaviour is a societal
requirement that is at odds with economic and epcéd conditions, the recursive control
approach favors an increased contribution of arsrtaathe functional order of the system
as a means to attain different sustainability gestsiltaneously. As Bos et al. argue, this
implies‘that we adopt a perspective in which animals aersas participants and co-
creators of the system, rather than as element® twontained and manipulated by the
system’ Two features are essential to make recursive@gmbssible. First, the animal
must have adaptive responses, i.e. must be abl#ajat and respond to changing
circumstances, such as heat, food shortage arsg s8econd, the (genetic) variability of
animals is respected and promoted.

This novel design approach was deemed necessaaydeethe traditional way of dealing
with problems in technological systems, the soechllnidirectional control approach,
typically increased the amount of external meastresntrol unwanted consequences of
the systems themselves. The unidirectional coafploach suffered, in other words,
from a process of spiraling complexity to battleditity that is caused by robustness
trade-offs. Processes of spiraling complexity haeen described in relation to different



kinds of systems, including biological systems (€sad Doyle, 2002), technological
systems (Willinger and Doyle, 2005), and sociatays.

From a robustness perspective the recursive camppioach is interesting because:

» The system depends on the capacity of animalsaptahd respond to
fluctuations in environmental circumstances, suckeanperature and food
availability. The system requires, in other womddust animals;

» The recursive control approach is introduced aali@nnative to the unidirectional
control approach, which, as described above, dféfom spiraling complexity
caused by robustness trade-offs. As an alterndtieerecursive control approach
aims to break out of this spiral, while maintainsygtem robustness. This implies
an approach that deals with existing fragilitietheut adding complexity to the
system as a whole. Rather than to a robust, ygildérddighly Optimized
Tolerance’ system, the suggested design approachdskead to an especially
resilient and adaptive system.

The unidirectional control approach leads to compiebust, yet fragile’ systems, where
vulnerability and robustness are increasingly besegn as relational properties of the
system and its environment together. The recuisiverol approach aims to break out of
this process of spiralling complexity, with a romess strategy moving back to system
resistance or even resilience. This implies aremged influence of the environment on
system functioning. Rondeel

We will use the Rondeel case as an example of tempt to break out of the
robustness/complexity spiral in egg production. Toeplexity of the supply chain of
egg production and consumption has gradually gré®ather than efficiently organizing
a supply chain of egg production and retail ad#eit the current ambitions and
challenges concern questions like: “What do ciwgiavant from an egg?”, What does the
chicken want?”and “What does the poultry farmer t#anThese questions were, at least,
the guiding questions of the Rondeel case (van &mrand Nijhof, 2010; p47).

Rondeel resulted from an instigation of the Dutcimister for Agriculture, Nature and
Food Quality in 2003 to rethink hen housing, aétenfrontations with Avian Flu showed
the high contamination risks of both free rangeseggd intensive hen farming (van
Someren and Nijhof, 2010; p45). Contrary to gradistoductions of incremental
improvements of production methods, the Rondeet eased to radically improve the
production of sustainable eggs by rethinking theéresupply chain, taking into account
the whole range of sustainability issues relatedht production and consumption of
eggs. According to representatives of all integgeups, the values that had to be taken
into account for the production of sustainable eggee:

. Hen welfare;
. Ecological sustainability;
. Transparency of supply chain;

. Fit the landscape;

. Higher returns for the farmer,

. Innovation and exemplary function;

. Optimal coherence between all parts of the vahasn



The Rondeel case is, like the recursive controt@ggh, an example of adaptive system
thinking. Klerkx et al. (2010) note that adaptivamagement is essential for succesful
innovation. This is, because innovating actors tarily have to react to changes in their
environment, while at the same time actively trytogmodify this environment in their
favour. Adaptive capacities can be increased bgresite networking, and, for instance,
the (re)formulation of visions to sell the story dowider public. In the Rondeel case,
TransForum has operated as an innovation broksistag in vision formulation and
reformulation, network formation and adaptation,cilfating multi-stakeholder
interaction, applying monitoring and evaluation hwels aimed at learning. As an
example of reformulating visions, note that the & case started with a focus on
rethinking hen housing, but ended up rethinkingvthele supply chain after Kwetters en
Zn BV, one of the largest parties involved, withdrfaom the project.

Conclusion

We distinguish three strategies that have foundliGggmns in current agricultural
systems, in which resistance is representing rolesgstin a narrow sense and avoidance
and resilience in a more broad sense:

1. Resistance: is based on reducing a system’s satysito disturbance by
increasing the inherent resistance of systems. gRexiog that exposure to some
disturbances cannot be avoided this strategy aomdevelop systems that can
resist exposure to these disturbances withouttstialcdamage. It is particularly
relevant with respect to disturbances that causscaeptable and irreparable
damage, such as apple scab. The WP “Stacking @unaily expressed apple
genes for durable resistance to apple scab” isxample of this robustness
strategy;

2. Avoid exposure: is based on precautiomaeasures or system integration in a
larger whole that provides shelter or reduces lgrgee likelihood of being
exposed to particular disturbances. Focusing orrdlagionship between system
and perturbation this strategy has led to highbtgstive, constant and intensively
controlled production environments, such as clagegnhouse farming. The WP
“SynErgie” is an example of this robustness stnatéwy an optimized plant
growth in such a system;

3. Resilience: is based on increasing a systeapacity to respond and recover after
being disturbed. This strategy does not aim to cawwi resist disturbances, but
uses the capacity of systems to respond and rec¢oveope with disturbances
instead. It is relevant with respect to disturbantat cause temporary, repairable
and acceptable damage, such as temperature flioctsiar changing feed quality.
The WP “Robustness of animal production systems’ams example of this
robustness strategy.

c) maatschappelijke relevantie van de resultaten, anhand van de
maatschappelijke aanleiding, met expliciete aandagbor die
ervaringen/lessen/inzichten die generiek zijn efdoagen aan TransForum
doelstellingen en gevolgtrekkingen;



In its recent policy documents (e.g. nota dieremiyel nationale agenda diergezondheid)
the Dutch Ministry of Agriculture, Nature and FoQulality (MINLNV) increasingly
uses the concept of robustness with respect tdigadlispearheads such as animal
welfare, animal health and sustainability. In iigy document “nota dierenwelzijn”
MINLNV has decided to stimulate research into rabarsmals to increase both animal
welfare and sustainability of technological cattieeding systems. Animal welfare is
politically seen as an integral part of sustaimvfigattle breeding on all aspects of social
acceptability. It is likely that stimulating reselron ‘robustness’ implicates a need for
development or societal regulation of current adtical practices. Robustness entails a
value aspect and the implications of the values ethital issues involved need to be
discussed. This research contributes to that dismus

Robustness is also an important issue for tramstiboall kind of durable Metropolitan
Agriculture (MA) production systems. Starting poiig social acceptance of these
agricultural activities which has to be balancedhwihe needs in urban areas. For
example,1. robust organic agriculture combined \aithkind of other services, such as
care farming, could best be organised near urbeasal. energy producing greenhouses
have to be improved and properly positioned inlandscape, and 3. durable resistance
of apple and potato to important diseases can Ixacl apple into and near the cities and
keep potato as main cash crop in our metropole.

Robust and social accepted agricultural transitfeng to be the base for bringing added
value to the farmer in many production systems.aB&jur of more and more consumers
is not only focused on prices nowadays, so thaemtiention can be paid to other
aspects of agricultural (fresh) products and the thay are produced. New added values
of such products are: honestly produced, healthiypa friendly and durable. Many

more farmers have to be convinced to listen to @woess and even sometimes to allow
consumers to participate in determining circumsgaraf production. The Rondeel egg is
a recent example of combining animal friendly cmaiances with the higher price of

eggs.

d) Een lijst van alle (wetenschappelijke) publicati@gdschriften, congresbijdragen,
boekhoofdstukken, vakbladen etc.) die uit dit prajeijn voortgekomen—
rapporteer ook publicaties die nog niet verschemanar wel gepland zijn (in
preparation, submitted, in press);

(Scientific) Papers



Goede, D. de, Gremmen, B., Blom-Zandstra, M., GrinClassifying various meanings of
robustness: towards a frame of referen@apbmitted)

Goede, D. de, Blom-Zandstra, Gremmen, Bultierability aspects, stability images and the
urge for robustness in agricultural systems,” (submitted)

Goede, D. de, 2010, ‘Van robuust vee naar zorggalgdeehouderij’Zorgvuldige veehouderij.
Mogelijke oplossingsrichtingen vanuit Wageningen I BBN 978-90-8585-895-9 (in press)

Goede, D. de, Gremmen, B., Blom-Zandstra, M., GkjiriRobust animals,’ (in preparation)

Presentations

The various meanings of robustness: towards a targnPresentation at
lunchseminar Plant Sciences Group, Centre for sysfems analysis (22-01-
2009);

The meaning of robustness. Presentation at Rokassineeting | (14-09-2009)
Robustness, follow-up. Presentation at robustnesgting Il (8-10-2009)
Robust Production Systems. Meta colloquium 17-10920

Posters

* The social aspects of robust production systemstePpresentation at WTMC
summerschool ‘A critical Theory of Technology’ (98-— 29-08 2008);

* The social aspects of robust production systemstePpresentation at
TransForum PhD day, 21-01-2009;

* The various meanings of robustness: towards a fidmeference. Poster
presentation at the £22hD workshop of the Dutch-Flemish Network for
Philosophy of Science and technology. Soeterbe20K, — 10-04-2009;
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Wageningen University & Research Centre, Plantrigeie Group, P.O. Box 16,
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