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Abstract.

Concerted and participative management has emerged in recent years in the French water policy to respond to the current projections of climate change, and an increasing demand for water in response to population growth. Therefore water management needs to move towards more sustainable practices. 
In France decentralization caused legislative changes. The Water Act of 1992 and the establishment of SAGE (Local Water Management Plan) and river contracts have generated the need for people facilitating them. We consider here a new category of people named boundary worker which will be part of what some authors call intermediary people (Mauz, Granjou, Billaud, Moss, and Medd).
This new approach to public policies is not completely stabilized. Its implementations on the ground are very diverse. Little is known on their efficiency. Our work aims at providing means to improve the assessment of this aspect of participatory governance for public policies.
In this paper we propose a model to represent consequences of the involvement of a boundary worker in river basin governance, taking in account the context (social, institutional, physical) of this involvement. To achieve this we will particularly relate and articulate an analysis of several interviews with the boundaries worker. 
Final aim of this model is exploration of various conditions of involvement of boundary workers and consequences on the evolution of socio-hydrosystems they are attached to.
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A. 
Introduction

Water resources management is increasingly requiring specific settings to facilitate links between users and resources. The aim is to enable an evolution towards more sustainable practices of the socio-hydrosystem. One of these settings includes the intervention of boundary workers, such as a river basin manager or a basin institution extensionist. In recent years boundary work of different kinds has popped up in of the domain of water governance. People involved in these new activities take with them their own scientific and political knowledge and also a personal vision of the situation. How the dynamic of socio-hydrosystem evolve with the introduction of these people in their governance?
These people facilitate dialogue processes that end up as generators of innovation processes in the sense described by Villani and Serra [1]. For example, they endorse a role in the networking between various stakeholders. This networking generates a process of interaction and then novelty and thus innovation within the socio-hydrosystem. Stringer and Dougill show that a range of participatory mechanisms can be employed at different stages of the adaptive cycle, and can work together to create conditions for social learning and favorable outcomes for diverse water users[2]. Since boundary workers are supposed to generate and increase level of participation, they increase "social learning" which, in turn, generates new knowledge that is considered of an innovation. For example, during a workshop on the impact of a dam, the boundary worker observed misunderstanding among some users. He decides to organize a meeting on the field to invite these players. Those who came got new knowledge on this subject. 	Comment by nico: Exemple sur l’activité de l’animateur.
There is still little “feedback” on the consequences of this new governance trend in a socio-hydrosystem that goes beyond informal narratives of success stories. There is no theory of boundary work in action, grasping the interplay with other endogenous processes. Our purpose is to investigate the possible outcomes due to the introduction of boundary work in a socio-hydrosystem. Current knowledge is based on the observation of singular cases. Exploration of potential pathways opened up by the introduction of boundary work requires new tools. 
ABM is an appropriate technique to represent the dynamics of heterogeneous entities in interaction, based on assumptions on how people can communicate with each other and with their environment [3]. ABM has been increasingly used in the field of water governance [4-7] [8-11] either to understand or to support related collective action processes. Techniques and protocols have emerged to design and calibrate ABM on an empirical basis in a robust way [Smajgl and Barreteau, 2013]. This makes ABM a good candidate to capture the potential dynamics generated by boundary work.	Comment by nico: Mettre la reference si elle existe dans la biblio
On the follow up of previous modeling and simulation efforts to represent the dynamics of socio-hydrological systems, we use than agent based modeling and simulation to investigate pathways taken by socio-hydrosystems according to various scenarios of boundary work. The issue is the introduction of a singular character (the boundary worker) in ABM from empirical knowledge. This is contingent to each context[12]. Depending on the very place or stakes, the boundary worker does not act in the same way. It is thus difficult to generalize this type of behavior. Second difficult point we need to address is the representation of knowledge and trust flows. This is required as soon as learning is at stake, and facilitation of social learning is reported as a major benefit from boundary work. In this paper we focus on water availability issues as they appear in basins with irrigation as a major land and water use activity. This is a common issue for water governance in many places and several models of the socio-hydrosystem already exist[13-14]. 	Comment by nico: Références ajoutés

This paper is made of three parts. The first part presents the role and actions of boundary workers. A second part will present the outcomes of interviews with a set of boundary workers and our articulation of qualitative data and ABM. And in the third part we will detail the first modeling choice and a structure of the model. 







B. Boundary work as participatory interface

There is no agreed definition for “intermediary people”[15] while it has become increasingly popular. It is necessary that it appears as a distinct class of people so that they are “not captured  by  the  all‐encompassing  concept  of  stakeholder” [15]. They are between users, consumers, regulators and policy makers.
 In public space, the role of intermediate people can be endorsed by different people: 

· Broker: The broker activity is to position itself between different actors groups. His goal is to demonstrate the benefits of cooperation despite divergence between objectives and interests. Broker is supposed to have the ability to move from one institutional arena to another and to intervene in places where discussions and negotiations operate[16]. He acquires a lot of information captured within the different groups. The broker will learn about the functioning of different groups. This is an advantage to know which groups or individuals to connect and those to not connect, how to connect, and when to connect[17]. Burt calls it “an acquired ability”[17].  

· Science Impact Coordinators: Other authors propose introduction of “Science impact coordinators”, SIC. Beyond the mere facilitation of interaction, this new category of people in environmental policy making translates knowledge among three categories, scientists, politicians and common policies, and uncover new knowledge builds in the interaction [18]. 

In the follow up of this paper we will name “boundary worker” the category of people endorsing activities considered as intermediary work.
Boundary workers act at the interface between water users and policy makers. They are environmental specialists and must possess important relational capacity. They need to harness three types of competences: scientific/technical/ legal. A boundary worker is in direct contact with elected, representatives of government services, representatives of users and some users [19]. They must often defend “the public interest” or at least a “general interest of the watershed”. The boundary worker role need to involve users in the construction of collective choice [20]. They have also to animate and facilitate working groups in order to relay initiatives on a specific study area. They are promoting “good water management across the socio-hydrosystem. E.g. in a post drought period, a boundary worker can organize a workshop in order to sensitize the users and improve their water use.
They are advisers on technical issues and as such participate in project development. One of their promoting possible roles is to strengthen relations with local stakeholders. They serve as a relay and "buffer zone" between stakeholders. It is common to involve all water users who use the same water resource but in a different way and with various representations. Therefore a major role of boundary workers is to act as translators between users, policymakers and experts. In this case, they can be considered as key people in the implementation of new water management modalities [20]. This is a new form of cooperation in public space [21]. Consultation and negotiation are central features of actions where the issue of mediation is central. It is a policy of negotiated management environment designed to be implemented. 








C. Questioning on observable indicators	Comment by olivier.barreteau: Titre pas clair	Comment by nico: On en discute vendredi, j’ai pas récrit grand chose, j’ai laissé ton commentaire pour te situer…

We want to see the different participatory processes that are available and then compare the results. In this case, the interesting thing is to observe the contribution and the impact of an individual person in a group of people. 	Comment by olivier.barreteau: Je ne suis pas sûr de ce que tu avais l’intention de mettre dans ce paragraphe.
 Il faut par contre que tu reviennes clairement sur la problématique expliquant pourquoi c’en est une à savoir : 
construire du modèle lié à l’intervention d’agents singuliers, représenter une dynamique fortement ancrée dans le domaine cognitif (connaissance, confiance). 

Après seulement tu peux passer sur la revue de biblio.
One goal of the ABM is here to explore the actions articulation of the boundary worker which can lead to a participatory process by analyzing the actors networking. This networking will produce interactions, innovation, knowledge and trust transfer in the socio-hydrosystem. 
	We want to analyze how the boundary worker transfers their knowledge in areas of management consultation. We can rely on existing ABM as SKIN model[22]. We like to portray how knowledge transfer takes place during the interaction phases. We are interested in the knowledge flow between actors in order to study the impact on the future actions of the users and the boundary worker. 
	Another indicator that we want to observe is the concept of trust between actors. Establish a trust relationship is highly desirable in order to achieve a goal more easily. A trust model have an important role to play in order to define the most reliable interaction partner, to influence the interaction process[23]. Some models are interested in this transfer and the evolution of trust in a cooperation[24-25]. In our study case, the trust depends on several parameters. The agents experience is something essential. With strong experience ideas that we wishes to transmit can be more considered. We can make the connection with the importance of having a “good” reputation. The reputation can be defined as the opinion or view of someone about something[26]. In MAS, the reputation can be useful when there are a large number of agents interacting[27]. The reputation of a boundary worker is essential if he hopes to unit around his projects.  
The objective of this model is also the exploration of the establishment of participatory processes by the boundary worker and the repercussions on the socio-hydrosystem. However, a methodological problem appears at this stage which is to switch from empirical data to ABM. Tubaro and Casilli suggest a possible solution to this obstacle[28]. Once associated with sociological methods, ABMs enable to fill some gaps usually associated with the use of qualitative data. With ABM, replications are possible to evaluate the sensitivity to variations of controlled characteristics of the population. ABMs enable to describe a variety of groups of people, to emphasize similarities and expanding the field of observation.
    



D. Combining qualitative data and ABM
  
1. “An ethnographic seduction”
I relied on the paper : “An ethnographic seduction”: how qualitative research and Agent-based models can benefit each other [28]. It discusses how qualitative research and Agent-Based Modeling can be combined to help each other. The authors proposed in this paper an analytical framework starting from empirical data up to designing an ABM and simulations, and providing feedback on theory and empirical knowledge. 
[image: ]
Figure 1 : Analytical framework

They structure the flow of knowledge from field observation to theory and simulation in the same kind of cycle process as companion modeling [29-30]. This analytical framework is positioned as some other framework like CAP [31],KnETs [32] and ComMod [33]. The CAP (Charactérisation and Parametrisation) is presented in “Empiricism and Agent-Based Modelling” [31]. 

[image: ]

 In this chapter the autors highlight the diversity of techniques and how to combine them according to the available date, the model uses and the modeler expertise. 
This framework includes all human related contexts (E.i socio-ecological system). Tubaro and Casilli provide a framework with a coarser granularity. 	Comment by nico: Granularité plus grossière : Je sais pas si ça se dit? 


Question?	Comment by nico: J’ai écris jsute ça car avant  je voulais discuter avec toi de votre framework et des différences et de la complémentarité  avec celui de tubaro, et donc comment va se situer le papier .

Notamment est ce que je compare les M1, M2 etc au différents step de Tubaro ?  je comptais faire ça mais j’ai des doutes sur certains point du CAP framework… 


Qualitative research provides detailed descriptions of social phenomena. It enables then to feed representations of several behaviors and attitudes of people, for example in a socio-ecological system. The authors explore the promises of bringing together ethnography and ABM. Indeed one of the objectives of ABM is to evaluate the effects of micro-behavior (interactions) within a social system. They argue that ABMs are particularly adapted for instantiation of qualitative data and it will be explored in this article the advantages of the combination of ABM and qualitative data could offer. The compatibility between ABM and the qualitative and quantitative data has driven some theorists to consider ABM as the "third way" in social science research [34]. The model is able to reproduce the facts already observed and must also have a predictive role in envisioning a future state of the system. 
ABMs entail to achieve more than details of the description of social process. To ensure that the model reproduces these social processes as accurately as possible, the design rules of agent behavior must be informed by detailed micro-data that include information on the types of relationships and interactions between agents and the conditions they occur[28].
We are conducting our investigation on the consequences of boundary work on evolution of socio-hydrosystems along a process similar to the one formally described above. In the follow up of the paper we describe our implementation of first stages.

2. Description of the analytical framework with my study case

The social process (step 1), we are dealing with, is the implementation and the influence of boundary work within a socio-hydrosystems. We assume boundary workers interact with other people in this system, hence modifying the relations among them. We include relations of society (and boundary workers) with its environment in social process.
Our initial assumption (step 2) is that the boundary workers’ activity can be represented as a sequence of management actions meant to foster interactions among stakeholders in order to benefit to the socio-hydrosystem. This means a rationalization of boundary work with intentional actions. Professionalization and requirement for accountability contributes to this assumption.
Due to a lack of comprehensive knowledge on the practices of the boundary workers, we started with a first series of twelve interviews from various watersheds in France. This fits to empirical data collection or step 3 in Tubaro & Casilli’s framework.
  Following this first series of interviews we could identify main boundary workers goals such as ensure a good water management (monitoring the resource level), diffusion of knowledge and trust.  
It comes also out of these interviews that boundary workers have a list of “recipes”, dedicated to fostering interactions and suited to specific conditions and objectives. We came back to step 2 (dotted arrow in figure 1) and formulated an additional assumption. On the basis of the first set of interviews, we assumed that boundary work could be seen as a sequence of recipe implementation, under budget (funding, social capital…) constraints. We shaped an initial list of “recipes” following the interpretation of the empirical material. 
This first list of “recipes” was presented and validated by a boundary worker. He compared recipes collected during the interviews. He refined this list in order to have a more robust material. Then we have reused this list in a second series of interviews of sixteen other boundary workers. From there we design a conceptual model, Tubaro & Casilli. 
  










3. Description of the “recipes” list

Each recipe in this list has its own objective as knowledge transfer, trust diffusion, improve the water management. A recipe is an action situation of a boundary worker. 
The set of recipes (R) at hand for boundary workers is made of eight different ones (R1 to R8): Information meeting (R1) - Thematic workshop (R2, R3, R4, R5) - Field meeting (R6) – Bilateral meeting (R7, R8).
Each recipe is activated by an event. This event corresponds to a situation at a time t. The boundary worker has a “time budget”. To activate a recipe it must upper 0. Each recipe uses some of the time budget. The boundary worker arbitration will be a key element of this process. He should according to its objectives prioritized particular meeting.   

We provide below examples of three recipes together with the empirical material supporting them. 
	 
a. Organize an information meeting

When the boundary worker wants to present projects he invites stakeholders to this type of meeting. This kind of meeting serves to inform water users and to obtain their views on the possibility of work or actions which affect the socio-hydrosystem. These meetings will make a diagnosis on a given situation from different angles. Thanks to this meeting we can observe a transfer of expert knowledge and trust diffusion between agents.

Extract of interview: 
	
· “We organize this kind of meeting so that the water users can position themselves giving the keys to understanding and not to try to pass something. There are somehow meetings to establish diagnostic. There is no immediate repercussion[footnoteRef:1]”.  [1:  These are French citations translated by me.
] 




Fig. 2.  Information meeting
b. Organize a thematic workshop
The boundary worker organizes this type of workshop when he finds a weak stakeholder engagement. The thematic workshop includes some watershed water users to discuss a particular topic (projects: fig.3; the water level: fig.4). The situation for the fig.3 is that the boundary worker wants to inform users about the implementation of projects. For this he explains the different phases of this project and its impact on the watershed. This enables gathering and raising awareness of these people and getting their opinion. Following this workshop we can observe a transfer of specific knowledge and trust diffusion between agents.
The fig.4 represents the implementation of another thematic workshop. Here the situation is the water level fell below a vigilance threshold (it is a parameter).

Extract of interview:  

· “We have organized a thematic workshop in order to inform a large number of water users in our projects”.  
· “We proposed thematic workshop to gather requirements and questions of socio-hydrosytem users and also to submit our. We will be able to make some decisions that will be validated in decision meetings”.


Fig. 3.  Thematic workshop

· “We have organized a thematic workshop in order to inform a large number of water users of the situation of water level in the river”.  



Fig. 4.  Thematic workshop
c. Organize a field meeting.

When the boundary worker notes a disagreement on a topic he may organize a meeting on the field. New ideas can emerge after discussions that have hatched in the new space. Situations that seemed blocked at the meeting can be opened up. These are time lapses in some way out of business as usual processes. They constitute a dedicated tool for informal water management that can be characterized as a kind of black box [35]. Different users will feel freer to speak, the context is different and will facilitate exchanges between the actors. The work of the boundary workers is easier, this informal meeting is a time of dialogue and negotiation can lead to beneficial adjustments. In the fig.5 the boundary worker assess (by a test) that the knowledge of a subject is low. He decided to invite users in the field to share knowledge.
This recipe allows knowledge diffusion from boundary worker to the users and vice versa.
Extract of interview: 

· “Sometimes we try to go into the field and escort the water users to find a result. This leads to new informations and solutions not considered in more formal meetings.”


Fig. 5. Field meeting


As stated earlier the “recipes” have emerged as a result of two series of interviews with a sample of boundary workers. These recipes represent different tools at their hand to set up different formats of interaction. Depending on the context and purpose he chose in his library of recipes the one suited better a given situation. The combination of recipes is a key element in the successful implementation of a process of interaction. 














E. Structure of the model

We describe in this section the structure of the agent based model following the field work investigation. With this model we aim at understanding the possible paths taken by a socio-hydrosystem with a boundary worker. 

1. Environnement

The environment is represented by a watershed which is a variable and unique water stock of 1500 units. Water withdrawals are made by users according to their need. The environment balance sheet (Eb) at each time step is: Eb = Rain – ETP – Withdrawals.    


[image: ]


2. The activator component of a recipe
During the simulation at a moment t, an activator component will lead the activation of a recipe by the boundary worker. Each recipe has its own activator component its own goal. Sometimes a recipe can have the same activator component but niot the same objective. The arbitration shall be made by the boundary worker according to these own objectifs. 
The following is a list of activator component for each recipe:

· R1: mean of users expert knowledge < expert knowledge threshold
· R2: mean of users specific knowledge < specific knowledge threshold
· R3: mean of users expert knowledge < expert knowledge threshold
· R4: water level < vigilance threshold 
· R5: water level < restriction threshold 
· R6: mean of users specific knowledge < specific knowledge threshold
· R7: water level < users threshold
· R8: level of knowledge of one user < user knowledge thresold



3. Agents description 

In this initial prototype, we designed the model with two types of agents: water users and boundary worker. All agents know each other and can interact. They interact in the same environment. Each class is composed of several attributes (figure 5). 
Users have a confidence index towards the other users. This index will change according to the interactions format proposed by the boundary workers. The knowledge (expert and specific) indexes will evolve in the same way. The water users have also an access and can modify the status of their pumps. The boundary worker has a confidence index toward the water users and vice versa. Users have water needs evolving depending on the season. Whend some recipes will be active, they may be forced to change their water withdrawals by changing their pumping capacity. 
On the other hand, the boundary worker has a lot of attributes like “recipe list”. He has access to the institution including various hydrological thresholds. Depending on the situation he will activate a recipe.

[image: C:\Documents and Settings\nicolas.gailliard\Bureau\diagclassEssa.jpg]
Fig. 2. Class diagram












4. Changes induced by interactions	Comment by olivier.barreteau: Cette sous section n’est pas assez détaillée. 

	We portray here the capacity of perception of people, including showing their ability to perceive their surroundings. The water users can perceive their environment with sensors that will provide quantitative assessments, such as the water level in a river. In this process, the boundary worker has his own assessment of the water level. In this case he notes that the water level is lower as a defined threshold by the institution. He several recipes may be considered. 




Fig. 3 Sequence diagram

He activates a recipe and sends the message to water users. The user consults this message and responds to the recipe sent indicating whether or not his participation to the recipe. The boundary worker will take into account the user responses and some index (water withdrawal, knowledge, and trust) will increase or decrease depending on what the recipe implied. 
The user answer to a recipe sent by the boundary worker is subjected to various tests. To begin, the user will observe if he has received in his “mailbox” a recipe request. For example the recipe is that the water level in the river is too low. So the users are encouraged to reduce their water withdrawals. The users will make a first test and observe if their own assessment of water level requires a reduction of their practices. If they agree they reduce their activity, but otherwise they will make a new test like a trust test. Each user will test his index of confidence towards the boundary worker. If this index exceeds a determined threshold the users will accept the recipe otherwise he will not change anything. By accepting recipes they will accept the induced effects of each (e.i. reduce their water withdrawals). 



F. Exploring scenarios with the simulation	Comment by nico: Je pense qu’il faut que je détaille un peu plus mais je sais pas jusqu’ou, je sais pas trop à quel point de détail je peux aller…

1. The boundary worker impact on the resource level

To begin, here is the action impact of the boundary worker on the water ressource. As the boundary worker having been removed there are no restrictions on water withdrawals.

[image: ]
Figure 4 : Evolution of the ressource with and without the boundary worker impact


2. Details and impacts of a recipe 

In this section we will detail the progress of a recipe (R4) and impacts on different parameters. The R4 (thematic workshop) is activated when the resource is under the vigilance threshold (fig.5).

 (
Threshold
) [image: ]
Figure 5







This recipe will be sent to the users. Some of users will agree to go to this thematic workshop. 

[image: ]
Figure 6

Users who have accepted this recipe will increase their rules knowledge index. This variable evolve as follows: rules knowledge (Rk) = Rk + ¥. ¥ is a parameter of the model which represents the transfert coefficient of rules knowledge index. 

[image: ]
Figure 7


This recipe imposes a reduction of water withdrawals for users having accepted this recipe.
  [image: ]

G. 
Conclusion and perspective : 	Comment by nico: REVOIR LA CONCLUSION EN FONCTION DES SIMULATIONS

Notamment le dernier paragraphe de cette section.

This paper discusses the creation of an ABM which is based on empirical data. Qualitative data are involved in the construction phase of the model and will describe research questions, rules of behavior, interactions between agents and some scenarios to simulate. This empirical work has resulted in the development of a recipe list which has been validated by a boundary worker. 
This framework also helped to prepare a return to the field and to conduct a revision of the ABM. In our case study it seems clear that following the first simulations new questions appeared and forced us to return to the field to ask for some boundary workers (second series of interviews). The return phase was necessary to calibrate the model as finely as possible. A model based on an articulation of recipes may not be enough to quantify the impact of the boundary workers. Thus it is essential to include at this model several indicators that show the effects of these recipes on the socio-hydrosystem. 
The model is still in development phase. We will explore indicators of resilience of socio-hydrosystem as: the level of the resources, the index of knowledge and the confidence of stakeholders. 
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Figure 3 — A characteristic “butterfly” shape: the logic of qualitatively-informed ABM
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