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Abstract 
Anticipatory behaviour in production management refers to behaviour that is 
influenced by expectations or beliefs about the future. Looking ahead and 
acting according to predetermined plans, predictions, and aims is more than 
helpful in agricultural production management. This paper is a preliminary 
attempt to characterize such decision making behaviours in order to enable 
their simulation and their study by virtual experimentation. 

1 Introduction 
Competitiveness is becoming much harder to achieve and maintain in the agricultural 

production industry. Several factors contribute to this new situation including the 

internationalization and instability of markets, institutional changes (quotas, subsidies, 

rights), shifts in consumers’ demands and requirements, rapid evolution in technologies 

and social standard (working conditions), and greater concern for environmentally 

friendly production. Unlike the relatively stable context of the past decades, farmers 

must now strive for a dynamic competitive advantage. This requires a well mastered 

understanding of the agro-technical and economic aspects of their production processes 

so as to control them under various constraints and toward specific multifaceted 

objectives, both of which may change from one year to the next. Consequently, 

increasing importance has been placed on the farmer’s cognitive ability of making the 

wisest management decisions which aim at optimizing the use of resources so as to 

achieve the optimal functioning of the farm system in relation to his specific objectives 

(Dillon, 1980).  

 The viability of farm enterprises will depend on adaptability and reactivity of the 

farmer's management behaviours, both at the seasonal farm level and operational lower 

level choices. Decision-making will require thorough practical knowledge of the 

complex biological, physical, technical, organizational and economic processes 



involved in running an agricultural enterprise.  Such holistic knowledge is potentially 

necessary to strengthen farmers’ judgment and intuition capabilities about what the 

short term uncertain future might be. In other words, knowledge-intensive anticipatory 

behaviour will play a critical role in achieving the desired objectives given the available 

resources, the various constraints and the uncontrollable factors (weather, prices, 

threads and opportunities) that may be met with.  

 Anticipatory behaviour (Butz et al., 2003) in production management refers to 

behaviour that is influenced by expectations or beliefs about the future. Having an 

anticipatory decision-making behaviour can means several things including planning so 

as to organize actions before they have to take place, looking forward to events so as to 

act in function of the independent occurrences that are relevant for the problem at hand, 

or looking forward to possible consequences of a candidate choice with respect to 

intermediate goals.  Looking ahead and acting according to our predetermined plans, 

predictions, and aims is more than helpful. Failure to anticipate important events can be 

extremely harmful, especially in control tasks that operate on hardly reversible 

processes such as field crop production. 

 The authors are currently involved in different projects that deal with various 

aspects of anticipation in agricultural production management problems. One of them 

deals with the integration of plan-based and goal-oriented decision making in the 

management of field crops at farm level over a several year time horizon.  Another one 

concerns the use of weather forecast in the management of irrigation of a maize crop. At 

the core of these projects is the modelling of what the cognitive behaviour of farmers in 

production management is or might be so has to enable their study by simulation. 

Simulation models overcome the simplistic treatment of complex systems via 

production functions that cannot realistically enough account for human operation and 

management aspects. The primary goal of these projects is to evaluate the feasibility and 

utility of this approach for understanding shortcomings of particular management 

behaviours and for designing improved ones through an empirical process based on 

virtual (simulated) experiments. The modelling/simulation approaches aim at 

facilitation of decision process adaptation rather than recommendation. 

 Section 2 attempts to characterize more precisely the notion of anticipation and its 

role in production management. Section 3 considers irrigation management to illustrate 

some aspects involved in anticipatory decision making behaviour. Modelling and 



simulating anticipatory decision behaviour raise a number of issues that are briefly 

mentioned in Section 4. 

2. What is anticipation in production management? 
Anticipatory behaviour refers to decision behaviour that is influenced not only by past 

and present but also by some dated expectations or predictions about the future, such as 

events, intended actions by the agent or by other agents, or future states that may result 

from performing some actions or merely from natural evolution. The pieces of 

information about the future may be certain in some cases but are uncertain in most 

common cases of anticipatory decision making, especially in agricultural production 

management. To anticipate means to get useful information about what lies ahead or to 

take action responding to something before it happens. It relies on prediction or 

forecasting means or on a mental representation abstracted from past experience. The 

concrete result of production management decision making is about either how to 

organize actions along the time line (planning-oriented decision) or what are the next 

actions that have to be executed (action-oriented decision). We examine what is 

anticipation in these two cases in the next two paragraphs. 

 In production management, strategic planning consists in setting the orientation 

(the overall objective) of the production system and developing the appropriate 

procedures and operations consistently with this orientation and the circumstances 

(constraints and/or opportunities) that will or might be encountered. It is a decision-

making process in which decisions are made about establishing purposes/mission, 

formulating outlines of things to do, and identifying methods to accomplish them in 

order to hopefully make the future happen as desired. Strategic planning yields a plan or 

more generally a management strategy (Martin-Clouaire and Rellier, 2003), that is, a 

scheme of perception and action to attain the overall objective. It provides direction in 

what and how to do as well as assists with putting the necessary resources behind the 

efforts.  Strategic planning focuses on designing a temporal organization of actions that 

may be implemented over a period of time as part of a broader intended method to 

achieve the objective in response to specific contingencies. Therefore a strategy 

embodies intentions or preliminary commitments that may be adjusted and changed by 

circumstances before an action is actually executed. In other words, strategic planning 

takes into account the reality that things will change between the time of making the 

plan and the time of implementing it. Strategic planning recognizes that resources, 



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

strategic planning process must be flexible, open-ended and responsive to changing 

circumstances. A set of contingencies are predicted and various courses of action are 

then devised prior to the time when a commitment to act must be made. Since it uses 

information about the future, strategic planning is a form of anticipatory decision-

making; planning assumes that the decision maker has in mind relevant contingencies 

including, in particular, those influenced by the actions that are the subject of the 

planning task. The anticipated decisions included in a strategy concern the nominal plan 

of activities (actions as well as monitoring tasks) and the conditional adjustments of the 

plan to cope with uncertainty. Since revision or adjustment of the strategy may occur 

during implementation of the plan, planning is also an ongoing reactive process in this 

sense. 

 Action-oriented decision making concerns actions in the "here and now", the 

present. It focuses on evaluating and approving a set of actions, the implementation of 

which may extend over a significant period of time. Although action-oriented decision 

making may actually often look reactionary it is also anticipatory. In a production 

management, action-oriented decision making relies on a management strategy worked 

out beforehand that embodies various pieces of information about the future. It 

combines on a continuous basis stimulus-response driven behaviour and more complex 

cognitive behaviour including consideration about the future, either relevant events 

(opportunities, constraints, threads), intended future actions or goals. Purposive or goal-

directed actions could be circumscribed as actions carried out to attain something 

desirable. In particular the future evolution of the system is often evaluated with respect 

to intermediate goals or constraints: things to be striven for or avoided. Behaviour is 

guided by the consequences likely to result from the selection of a given alternative. 

The choice of the decision maker relies on a certain mental representation he has about 

the relationship between goals and actions done in a particular context. An experienced 

decision maker believes based upon analysis that an alternative action will result in 

achieving acceptably well one or several desired objectives; the observed regularities in 

response to action prompts patterns of expectation with respect to reaching some goals 

that often involve trade-off considerations. Biological causality is the primary source of 

the prediction made by agricultural managers (in some cases of deficient knowledge, 

predictions might be closer to wishful thinking however). Goals remain implicit when 

sufficient experience has been accumulated. Appropriate action can then be determined 



directly on the basis of current state and prediction of relevant phenomena such as 

weather forecasts. Anticipation in action-oriented decision making is also central in 

deciding to delay the execution of an action if, after projection, it appears 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 action-oriented decision making 

taking into account anticipatory behaviour. To illustrate our purpose, we will focus on 

irrigation practices. 

 In south-western France, some irrigators use a graphical method developed by the 

local irrigation advisors. This method is based on a drawing sheet describing the 

evolution of the actual water stock (AWS) with time. For a specific location, two curves 

encompass the system behaviour (see Figures 1 to 4). The upper curve represents the 

water holding capacity. AWS cannot go over this limit otherwise drainage occurs. The 

lower limit represents the wilting water capacity. If AWS goes under this curve, plant 

water stress occurs. These two curves are drawn by the advisors for each individual 

farmer and vary depending on maize precocity, average climate and soil type. Every 

day, if no water is provided (either rainfall or irrigation), an horizontal line is drawn to 

represent the predicted evolution during that day. Otherwise, if some water is added, 

AWS is increased by this amount of water, but without overstepping the water holding 

capacity. 

 The irrigator uses this sheet by checking that the next day AWS will not go under 

the lower limit. If this is predicted to happen, then he irrigates. Thus this is an 

anticipatory behaviour as it relies on a projection of the state of the system from st to 

st+1. As shown in Figure 1, at time t the irrigator decides to wait up to t+1 where an 

irrigation will be required in order to avoid the s’t+2 situation that would induce a water 

stress. 
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Figure 1. 

 In Figure 2, an extra anticipatory data is available at time t: an irrigation ban has 

been promulgated by the local authorities from t+1 to t+3. In this case, farmer’s 

behaviour changes. Since irrigation at t+1 is no longer possible, it is necessary to 

anticipate that ban and to irrigate at time t, again in order to avoid the s’t+2 situation. At 

a different initial st state, decision would have been different (Figure 3). 
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Figure 2. 
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Figure 3. 
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Figure 4. 

 

 Now, assume the irrigator gets some report forecasting rainfall for the next day 

(Figure 4). If he does not trust it, then he irrigates at t in order to avoid s”t+2 (just like in 

Figure 2). However, if some rainfall finally occurs at t+1, some drainage may occur as 

the soil reaches the state s’t+2. If he believes in this forecast, he will avoid to irrigate as 

the rainfall amount would lead the soil from st+1 to st+2. If no rain occurs, the system will 

reach unfortunately the point s”t+2. 



 This example illustrates some aspects of anticipatory action-oriented behaviour. 

The two curves in the figures convey a kind of moving goal. The irrigation actions are 

based on this goal and might take advantage of rain forecasts. In addition the decision 

can be influenced by dated constraints (irrigation ban, resource unavailability).  

 4. Conclusion 
 The decision-making behaviour of any farmer is often described as intuitive and 

subjective because it is internal and inaccessible to observers, but is definitely taking 

place in a structured management process. So far no well established theory about the 

design (planning-oriented decision making) and implementation (action-oriented 

decision making) of agricultural management strategies has been developed. The 

understanding of the deep structures of the underlying cognitive processes is still 

lacking because they are hardly observable in ordinary situated practice and because it 

has not attracted due interest by scientists. This work on anticipation in production 

management adds-up to earlier developments made on the modelling of management 

strategies (see, for instance, Martin-Clouaire and Rellier (2003)). It is a preliminary 

investigation about its role and use in production management and about the structures 

that might be involved in its characterization. 

 The study of farmers’ decision making behaviours, including their anticipatory 

dimension, raises a number of issues that are briefly outlined here and that are the 

targets of our current research projects in field crop production management.  Modelling 

of the various kinds of anticipatory information used is difficult because at this stage we 

do not have a clear understanding of them. For instance we need to get a clearer view of 

what characterize the goals, what properties they should satisfy in order to be 

exploitable, how the goals are generated along a management process and how 

interaction and antagonism between them can be taken into account. The capabilities to 

make expectation of future states through natural evolution and/or  in response to action 

have received insufficient attention yet. Considerable research on developing predictive 

tools on how some crops respond to the changes effected by management actions has 

been and is done in the academic and private organizations. But little effort is being 

spent on linking and expanding these elements in a holistic and realistic way to help 

managers to deal with the kind of situation they face in practice. The prediction models 

that are available presently are probably much more sophisticated than those 

unconsciously used by farmers. Moreover an intriguing question concerns the way 



uncertainty is dealt with in the prediction and when uncertainty or lack of quality makes 

prediction useless in guiding the decision making process. In addition, the way decision 

under uncertainty and with multiple (partially conflicting) goals is performed in practice 

has to be investigated and seems insufficiently covered by theoretical works on decision 

making (even the modern ones on agent modelling as discussed in Wooldridge (2002)). 

In particular, the modelling of the decision making attitude with respect to risk has to be 

revisited. 
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