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Abstract: In an increasing number of socio-economic domains, high-level decision making such as policy
making and strategic planning needs to take into account the often conflicting interests and positions of
different groups of stakeholders with the goal of finding solutions that can provide the best trade-offs and build
consensus towards their adoption. Moreover, stakeholders would be in a better position to make compromise if
they were willing to reach a consensus-based solution and if they clearly understood the positions of the
different parties with respect to the attended situation(s). This is not easily achieved, especially in agri-food
chains, a sector in which stakeholders are prone to tensions, conflicts, policy threats and vertical integration
pressure [Balmann et al. 2006]. Such difficult situations usually result from the interactions of extremely
complex systems which are in constant evolution and are not well understood, even by the stakeholders that
operate in them. In such a context, dynamic modeling approaches and computer simulations are increasingly
recognized as valuable tools to better understand such complex systems and to build useful models for decision
making [Perrot et al. 2011]. Consensus building is a conflict-resolution process mainly used to settle complex
multiparty disputes [Gray 1989] which allows involved stakeholders to work together to develop a mutually
acceptable solution. Gray showed that a consensus-building approach help solving problems that are ill-
defined, or issues for which there is disagreement about how they should be defined. Such problems are often
characterized by technical complexity, scientific uncertainty and differing perspectives among stakeholders.
Hence, there is a need for decision support systems or software (DSS) that can provide decision makers and
stakeholders with easy-to-understand and trustworthy means to represent and evaluate problems and the related
situations and to plausibly anticipate their evolution under different plausible scenarios.

Interestingly, Computer-Supported Argumentation Visualization (CSAV) has been successfully used to tackle
ill-structured problems [van Bruggen et al. 2003]. When analysing the arguments put forward by stakeholders
for and against a given issue, it has been shown that they form an argument structure emphasizing support and
conflict relationships between arguments. Such a structure can be formalized, modelled and displayed using
Argument Modeling and visualisation software [van Bruggen et al. 2003] [Thomopoulos et al. 2015]. Although
modeling argument structures and explaining argument relationships to stakeholders is quite helpful in helping
involved parties understand each other’s positions, and thus facilitates the deliberation process [Bourguet et al.
2013], stakeholders have still no mean to anticipate the impacts of adopting any of the debated decision
options, let alone to compare them. A way to assess how a given option would influence a stakeholder’s
situation (i.e. the processes influenced by the attended options/decisions) is to create a scenario (emphasizing
factors relevant to the stakeholder) that plausibly shows how this situation would evolve if the decision was
enforced. Such scenarios can be developed whenever it is possible to model and simulate the stakeholder’s
situation in relation to the debated decisions/options. As an example of such modeling approach, System
Dynamics (SD) has been widely used for the past fifty years to model complex socio-economic systems and to
simulate their behavior and evolution in a large variety of domains, in almost any discipline involving policy
making and strategic planning [Johnson et al. 2008]. For example, SD has been used to assess food system
vulnerabilities [Stave et al. 2014]. However, to the best of our knowledge, there is still no argumentation
modeling/reasoning approach (or CSAV) that takes advantage of System Dynamics analysis and simulation to
assess and compare scenarios to help stakeholders build consensus while taking into account their possibly
conflicting viewpoints. Our project aims at developing such an integrated approach and at creating a decision
support software applicable in the agro-food sector.
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As a practical application we currently work on an approach to assess various options available to farmers
when considering the adoption of cereal-legume intercrops as an alternative to the corresponding sole crop. In a
first step arguments expressed by the main actors of the supply chain were collected from scientific
publications (Bedoussac et al., 2015; Pelzer et al., 2014) to identify different alternatives/options available to
farmers. In a second step an argument model has been developed to structure and visualize the main arguments
(positive and negative) in relation to the different farmer’s options when considering cereal-legume
intercropping instead of sole crop farming. We also figured out that the farmer’s gross margin is a simple way
to characterize his operational and financial situation, and hence to assess the impacts of the debated options.
Moreover, in a third step we used SD to model the farmer’s situation, focusing on how the farmer’s gross
margin (income vs expenses) is influenced by the main factors/parameters that are related to the different
studied options. Note that in a SD model some of the variables/parameters are under the actor’s control and
reflect his choices or decisions while other variables/parameters are not under the actor’s control and reflect the
influence of external factors (market price, costs of equipment, costs of fertilizers, etc.). The SD model has
been calibrated using well-known data sets (for example, evaluate farmer’s gross margin with durum wheat
sole cropping using low nitrogen input). In a fourth step, we instantiated the SD model for each available
option in order to carry out SD simulations and to assess a scenario that plausibly shows to the farmer the
effects of adopting this option. In a fifth step, the results of these simulations have been compared and
presented in a tabular way to enable stakeholders easily understand the impacts of each option.

To conclude, the proposed approach takes advantage of argumentation analysis to identify arguments and
plausible options available to stakeholders, as well as plausible hypotheses related to external factors. Using the
SD model, simulations are performed for different scenarios corresponding to different value combinations of
external and controlled variables in order to evaluate the outcomes of the options supported by arguments.
Moreover, while considering the same alternative options, the SD model can be customized to reflect the
particular situations of different groups of stakeholders (for example farmers located in different regions).
Hence, the SD simulations and scenario assessments can show how these different groups would be impacted
by the different options. Sharing these results among the different groups of stakeholders certainly helps build
consensus toward the adoption of more satisfying solutions.
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