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Abstract

Anticipatory behaviour in production management refers to behaviourstha
influenced by expectations or beliefs about the future. Looking ahead and
acting according to predetermined plans, predictions, and aims és thraor
helpful in agricultural production management. This paper is a preliyina
attempt to characterize such decision making behaviours in ordealdeen
their simulation and their study by virtual experimentation.

1 Introduction
Competitiveness is becoming much harder to achieve and mainttie iagricultural
production industry. Several factors contribute to this new situatiomdimg the
internationalization and instability of markets, institutional chan@giotas, subsidies,
rights), shifts in consumers’ demands and requirements, rapid evolutechimologies
and social standard (working conditions), and greater concern for eneintalim
friendly production. Unlike the relatively stable context of thet pexades, farmers
must now strive for a dynamic competitive advantage. This reqaireell mastered
understanding of the agro-technical and economic aspects of theircfion processes
so as to control them under various constraints and toward specififanaied
objectives, both of which may change from one year to the next. Condgguent
increasing importance has been placed on the farmer’s cogrility af making the
wisest management decisions which aim at optimizing the usesofirees so as to
achieve the optimal functioning of the farm system in relatidmgspecific objectives
(Dillon, 1980).

The viability of farm enterprises will depend on adaptability esattivity of the
farmer's management behaviours, both at the seasonal farm leaexatonal lower
level choices. Decision-making will require thorough practical knowledfehe

complex biological, physical, technical, organizational and econopnaresses



involved in running an agricultural enterprise. Such holistic knowledgetentially

necessary to strengthen farmers’ judgment and intuition capadbilibout what the
short term uncertain future might be. In other words, knowledge-inteasii@patory

behaviour will play a critical role in achieving the desired dbjes given the available
resources, the various constraints and the uncontrollable factorshéweaptices,

threads and opportunities) that may be met with.

Anticipatory behaviour (Butz et al., 2003) in production managementsréde
behaviour that is influenced by expectations or beliefs about the .futianeng an
anticipatory decision-making behaviour can means several thiriggimg planning so
as to organize actions before they have to take place, lookingribter events so as to
act in function of the independent occurrences that are relevahefproblem at hand,
or looking forward to possible consequences of a candidate choice sacteto
intermediate goals. Looking ahead and acting according to our gmadstd plans,
predictions, and aims is more than helpful. Failure to anticipate tengavents can be
extremely harmful, especially in control tasks that operate aulyhaeversible
processes such as field crop production.

The authors are currently involved in different projects that detl various
aspects of anticipation in agricultural production management prob{@nes of them
deals with the integration of plan-based and goal-oriented decision makitige
management of field crops at farm level over a severaltymarhorizon. Another one
concerns the use of weather forecast in the management of irrigation of aropizat
the core of these projects is the modelling of what the cogtigbhaviour of farmers in
production management is or might be so has to enable their studynbiation.
Simulation models overcome the simplistic treatment of completesys via
production functions that cannot realistically enough account for humantiopesad
management aspects. The primary goal of these projects is to evaldasesibidity and
utility of this approach for understanding shortcomings of particodlanagement
behaviours and for designing improved ones through an empirical proassd on
virtual (simulated) experiments. The modelling/simulation approacaes at
facilitation of decision process adaptation rather than recommendation.

Section 2 attempts to characterize more precisely the naitianticipation and its
role in production management. Section 3 considers irrigation maeagéonillustrate

some aspects involved in anticipatory decision making behaviour. Modeltidg a



simulating anticipatory decision behaviour raise a number of ishatsare briefly

mentioned in Section 4.

2. What isanticipation in production management?

Anticipatory behaviour refers to decision behaviour that is influenocéanly by past
and present but also by some dated expectations or predictions abiotdrgesuch as
events, intended actions by the agent or by other agents, or fatig® thiat may result
from performing some actions or merely from natural evolution. pleees of
information about the future may be certain in some cases but asgaiuman most
common cases of anticipatory decision making, especially inudtgrial production
management. To anticipate means to get useful information aboutieghahead or to
take action responding to something before it happens. It relies orctjedor
forecasting means or on a mental representation abstractegpésinexperience. The
concrete result of production management decision making is about ledheto
organize actions along the time line (planning-oriented decision) ar aveahe next
actions that have to be executed (action-oriented decision). We rnexamhat is
anticipation in these two cases in the next two paragraphs.

In production management, strategic planning consists in settingrigr@ation
(the overall objective) of the production system and developing the appeopria
procedures and operations consistently with this orientation and rtemstances
(constraints and/or opportunities) that will or might be encountetad.d decision-
making process in which decisions are made about establishing purpssesim
formulating outlines of things to do, and identifying methods to accomghem in
order to hopefully make the future happen as desired. Strategringayields a plan or
more generally a management strategy (Martin-Clouaire anteR€lD03), that is, a
scheme of perception and action to attain the overall objectipeovtdes direction in
what and how to do as well as assists with putting the negassmurces behind the
efforts. Strategic planning focuses on designing a temporatiaggi@n of actions that
may be implemented over a period of time as part of a broaterded method to
achieve the objective in response to specific contingencies. Theraf@ieategy
embodies intentions or preliminary commitments that may be adjasig changed by
circumstances before an action is actually executed. In other vabrai®gic planning
takes into account the reality that things will change betweertime of making the
plan and the time of implementing it. Strategic planning reizeg that resources,



opportunities and threats are not fixed. So the management stidgetped in a

strategic planning process must be flexible, open-ended and resptmsitianging

circumstances. A set of contingencies are predicted and variousesair action are
then devised prior to the time when a commitment to act must de.r8ace it uses
information about the future, strategic planning is a form of gatiory decision-

making; planning assumes that the decision maker has in minémeleontingencies
including, in particular, those influenced by the actions that la@estibject of the
planning task. The anticipated decisions included in a strategy cdheemominal plan

of activities (actions as well as monitoring tasks) and the conditadjustments of the
plan to cope with uncertainty. Since revision or adjustment of thieegyranay occur
during implementation of the plan, planning is also an ongoing reactieegs in this

sense.

Action-oriented decision making concerns actions in the "here and, ribe
present. It focuses on evaluating and approving a set of actionsygleenentation of
which may extend over a significant period of time. Although actiognted decision
making may actually often look reactionary it is also anticipatin a production
management, action-oriented decision making relies on a managenaeedy worked
out beforehand that embodies various pieces of information about the fiiture.
combines on a continuous basis stimulus-response driven behaviour and moexcompl
cognitive behaviour including consideration about the future, either retlexaents
(opportunities, constraints, threads), intended future actions or gogleskeror goal-
directed actions could be circumscribed as actions carried outaio abmething
desirable. In particular the future evolution of the system enaétaluated with respect
to intermediate goals or constraints: things to be striverf@voided. Behaviour is
guided by the consequences likely to result from the selectiengdbfen alternative.
The choice of the decision maker relies on a certain mentakespation he has about
the relationship between goals and actions done in a particulaxtoih experienced
decision maker believes based upon analysis that an alteraativa will result in
achieving acceptably well one or several desired objectivesbigerved regularities in
response to action prompts patterns of expectation with regspezaiching some goals
that often involve trade-off considerations. Biological causalitihesprimary source of
the prediction made by agricultural managers (in some casesicedeknowledge,
predictions might be closer to wishful thinking however). Goals nenmaplicit when

sufficient experience has been accumulated. Appropriate actiohemamé determined



directly on the basis of current state and prediction of relepa@homena such as
weather forecasts. Anticipation in action-oriented decision malenglso central in
deciding to delay the execution of an action if, after projecticappears better to do so
(i.e. risk less and worthier).

3. Anticipatory behaviour regarding irrigation management

In this paragraph we will give some insights regarding actiomigtiedecision making
taking into account anticipatory behaviour. To illustrate our purpose,ilvéeus on
irrigation practices.

In south-western France, some irrigators use a graphical metheldukd by the
local irrigation advisors. This method is based on a drawing stestribing the
evolution of the actual water stock (AWS) with time. For a spelatation, two curves
encompass the system behaviour (see Figures 1 to 4). The upperequesemts the
water holding capacity. AWS cannot go over this limit otherwlisenage occurs. The
lower limit represents the wilting water capacity. If Ajoes under this curve, plant
water stress occurs. These two curves are drawn by the adisaach individual
farmer and vary depending on maize precocity, average climdtsal type. Every
day, if no water is provided (either rainfall or irrigation), an bantal line is drawn to
represent the predicted evolution during that day. Otherwise, if sater 8 added,
AWS is increased by this amount of water, but without oversteppingdter holding
capacity.

The irrigator uses this sheet by checking that the next &g #vill not go under
the lower limit. If this is predicted to happen, then he irrigaf#sus this is an
anticipatory behaviour as it relies on a projection of the statkeofystem from;go
S+1. As shown in Figure 1, at time t the irrigator decides ta wgito t+1 where an
irrigation will be required in order to avoid the,s'situation that would induce a water

stress.
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In Figure 2, an extra anticipatory data is available at tinaa irrigation ban has
been promulgated by the local authorities from t+1 to t+3. In ¢hse, farmer’s
behaviour changes. Since irrigation at t+1 is no longer possible,nédsssary to
anticipate that ban and to irrigate at time t, again in ordavaal the s, situation. At
a different initial gstate, decision would have been different (Figure 3).
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Now, assume the irrigator gets some report forecasting liaiofathe next day
(Figure 4). If he does not trust it, then he irrigates at tderoto avoid s, (just like in
Figure 2). However, if some rainfall finally occurs &ft some drainage may occur as
the soil reaches the state.s’If he believes in this forecast, he will avoid to irrigase a
the rainfall amount would lead the soil fropm $0 S+2. If no rain occurs, the system will

reach unfortunately the point.s.



This example illustrates some aspects of anticipatory actiented behaviour.
The two curves in the figures convey a kind of moving goal. Tigation actions are
based on this goal and might take advantage of rain forecasts. lioradaé decision
can be influenced by dated constraints (irrigation ban, resource unavagijlabilit

4. Conclusion

The decision-making behaviour of any farmer is often describedtw@tvie and
subjective because it is internal and inaccessible to observers, definitely taking
place in a structured management process. So far no well dstdbliseeory about the
design (planning-oriented decision making) and implementation (actioneatient
decision making) of agricultural management strategies has beatoged. The
understanding of the deep structures of the underlying cognitiveegses is still
lacking because they are hardly observable in ordinary situateticprand because it
has not attracted due interest by scientists. This work on gattam in production
management adds-up to earlier developments made on the modellinghajement
strategies (see, for instance, Martin-Clouaire and R#@603)). It is a preliminary
investigation about its role and use in production management and abaituctures
that might be involved in its characterization.

The study of farmers’ decision making behaviours, including theicipatory
dimension, raises a number of issues that are briefly outlinedanere¢hat are the
targets of our current research projects in field crop production manageviwtelling
of the various kinds of anticipatory information used is difficultduse at this stage we
do not have a clear understanding of them. For instance we needtolgater view of
what characterize the goals, what properties they should satisiyrder to be
exploitable, how the goals are generated along a managememsgrand how
interaction and antagonism between them can be taken into accounaptbdities to
make expectation of future states through natural evolution andfe@sponse to action
have received insufficient attention yet. Considerable researchvefogimg predictive
tools on how some crops respond to the changes effected by managetiens has
been and is done in the academic and private organizations. Buefftrt is being
spent on linking and expanding these elements in a holistic andiceaisst to help
managers to deal with the kind of situation they face in pradilee prediction models
that are available presently are probably much more sophisticgated those

unconsciously used by farmers. Moreover an intriguing question centee way



uncertainty is dealt with in the prediction and when uncertaintyckrdaquality makes
prediction useless in guiding the decision making process. In additionathdegision
under uncertainty and with multiple (partially conflicting) goml performed in practice
has to be investigated and seems insufficiently covered by tivabrebrks on decision
making (even the modern ones on agent modelling as discussed in Wa(@008)).
In particular, the modelling of the decision making attitude wisipeet to risk has to be

revisited.
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