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Abstract 

Climate change progressively makes obsolete the current agricultural production strategies built with 
respect to previous landmarks of average and extreme climatic situations. In order to remain viable in 
the expected climatic context farming systems will need to evolve both in their structure and 
management. Because farmers and extension services are the primary actors in agricultural 
production they have to be involved in the process of designing adequate renewed systems. However, 
the complexity of most design approaches produced by research (e.g. based on computer models) 
prevents them from deep involvement in such design projects. This paper presents a game-based 
design approach developed to foster the involvement of farmers and extension services in the design 
and evaluation of livestock systems. The game, called “forage rummy”, relies on a number of 
“boundary objects” that put relevant pieces of scientific knowledge in a more understandable and 
tractable form for the design task. These are a player-friendly game board in which sticks representing 
year-round forage production and animal feeding requirements have to be assembled. Playing the 
game consists in iterating tentative configurations of a livestock herd (production goal, size), the 
grassland resources (types of grass and associated area and usage), and feeding diet along a 12 
month cycle in a given economic and climatic scenarios. The generation and evaluation of each 
configuration are done collectively in a participatory workshop and exploit a simple balance model. A 
diversity of use is permitted by this game depending on the matter being discussed. The paper 
describes its use in the design of dairy systems adapted to climate variability and change expected by 
2050. From our experience with the forage rummy, we synthesise lessons about key factors 
enhancing participation, focus and depth of discussion, and learning about the relevance of potential 
farming systems adaptations.  
 
1. Introduction 

Livestock systems are currently threatened by a number of bio-climatic and socio-economical changes 
or issues (Steinfeld et al. 2006), such as climate change, water scarcity, biodiversity conservation or 
the uncertain price of cereals and concentrates. These changes are interrelated, and their pace, scale 
and even their direction are unpredictable (Thompson and Scoones, 2009), generating increasing 
sources of uncertainty for livestock farming. Uncertainty and change also makes the task of the 
extension services arduous as the farming systems and management practices promoted one day 
may become irrelevant to a farmer’s situation very quickly. The need for continuous adaptation calls 
for the design of alternative options (Rammel and van den Bergh, 2003) to better cope with, take 
advantage of or adjust to changing conditions (Smit and Wandel, 2006). These options for adapting 
farming systems may involve changes in the management and even in the structure of the farming 
system. This corresponds to changes in the process whereby resources and situations are 
manipulated over time by the farmer in trying to achieve his goals (Dillon, 1979), and in the pool of 
production resources available respectively.  
 
Adaptation science has been defined by Meinke et al. (2009) as “... the process of identifying and 
assessing threats, risks, uncertainties and opportunities that generates the information, knowledge 
and insight required to effect changes in systems to increase their adaptive capacity and 
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performance”. The complexity of the issues dealt with and the need for salience, feasibility and 
acceptability of the alternative options (Cash et al., 2003) require the integration of scientific as well as 
empirical knowledge (Thompson and Scoones, 2009) to support a collective design and evaluation 
process. As explorers, implementers and testers of different options and systems, farmers are the final 
decision-makers of whether or not farming options and systems are adapted, that is salient, feasible 
and acceptable in their respective contexts. The field of adaptation science therefore calls upon 
researchers to develop participatory approaches (Meinke et al., 2009) capable of supporting the 
design and evaluation of adapted farming systems.  
 
Agronomic researchers incorporating participation in their modelling approach generally do it on the 
consultative mode instead of the collegiate mode (according to the classification proposed by 
Barreteau et al., 2010) required to design farming systems adapted to the variety of farming contexts. 
To support the collegiate design and evaluation of adapted livestock systems, we have developed a 
game called “forage rummy” (as in the card game, players seek for combinations of forage and animal 
sticks further described here) aimed at involve farmers and extension services as major players in the 
design and evaluation process (Martin et al. 2011a). It relies on a participatory systems approach that 
integrates multidisciplinary scientific knowledge as well as empirical knowledge of farmers and 
extension services. It consists in iteratively designing livestock systems and evaluating their 
biophysical and organizational feasibility. As far as the authors know, this work is the first example of a 
game aimed at designing farming systems. In this article, the game is presented with particular 
emphasis on how to convert scientific concepts into usable forms of support for farmers and extension 
services (Cash et al., 2003). The supports of the game have been designed to constitute “boundary 
objects”, i.e. material or abstract objects that simultaneously inhabit independent but intersecting 
social worlds; supports that are flexible to the needs of multiple communities and durable enough to 
maintain an identity (Star & Griesemer, 1989),  After presenting the game in section 2, we illustrate it 
for designing and evaluating livestock systems adapted to climate variability and change around 2050 
in section 3. The last section discusses the strengths and weaknesses of this game-based approach 
to support adaptation to climate change.  
 
2. Forage rummy 

2.1. Framework  
As participatory approaches are generally case-specific, they are relevant to stakeholders’ concerns 
and contexts. They also provide fair and unbiased information that respects stakeholders’ values 
(Nassauer and Opdam 2008). However, participatory approaches alone can neglect relevant 
knowledge or technical innovation from agricultural science (Spinuzzi 2005). On the other hand, 
modelling biophysical processes guarantees credibility of scientific knowledge production - and 
therefore scientific adequacy - but may be inappropriate for a local context, especially if models are 
only science-driven (Sturtevant et al. 2007; Raymond et al. 2010). Combining modelling and 
stakeholders’ participation appears relevant to our objectives as it avoids the weaknesses of both 
approaches. Consequently, we use models to build supports representing the farm environment (e.g. 
climate) and situations (i.e. system states and outputs) that stakeholders can compare to their tacit 
representations. These supports convey action-oriented expertise (Eckert and Bell 2005), and their 
application relies on careful workshop design and preparation (McCrum et al. 2009). The experience-
based knowledge of farmers and advisors include farm management, which enables to allocate 
resources over space and time consistently with specific objectives (e.g. production, environment or 
labour) that have local and practical value. Scientific knowledge about farm management involve 
general principles that structure the functioning of grassland-based livestock systems. These 
principles shape the supports used in workshops.  
 
Forage rummy is organised in three steps (Fig. 1) and based on several boundary object described in 
section 2.2. Step 1, developed in section 2.3, aims at specifying the scope (e.g. climate variability or 
change) of the participatory research and at developing the boundary objects needed. Steps 2 and 3, 
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described in section 2.4., consist in the presentation and use of these supports to encourage 
information exchange and dialogue among stakeholders and to provide relevant feedback for 
researchers (Holman and Harman 2008).  
 

 
Figure 1: Framework of the forage rummy (dotted line: feedbacks not considered in this study) 
 
 
2.2. Boundary object patterns 
A key challenge for livestock farmers is to manage the feeding of the herd in compliance with desired, 
attainable and accessible forage production given a climatic context (Fig. 2a). This management 
problem is represented on a game board (Fig. 2b). To deal with the dynamics of the system over time, 
the time horizon of one year was considered and partitioned into 13 four-week periods. Along the x-
axis, the board is divided into the 13 four-week periods. Along the ordinate, the upper part is an area 
axis expressed in hectares of forage production (Fig. 2c) and the lower part is an animal feeding 
requirements axis expressed in kilograms per day per representative animal of the herd batch 
regarding morphological, reproductive and physiological descriptors, and diet (Fig. 2d). 
 

  
Figure 2: Schematic representation of an informative support for comparing daily herbage growth for 
past and future climate (a) and the game board (b) together with the forage (c) that is grazed (G) or 
cut (C) and animal feed requirement (d). The abscissa of the game board is divided into 13 four-week 
periods representing one year. Along the ordinate, the upper part of the axis is used to fix the area 
assigned to each forage stick, and the lower part is an animal feeding requirements axis expressed in 
kilograms per day per representative animal. 
 
 
The upper part of the board is thus used to represent the farmland area on which forage is produced 
throughout the year, while the lower part deals with the feeding requirements of the herd. The board is 
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the core element of forage rummy as it embeds the underlying conceptual model of a livestock system 
(a set of fields allocated to the different forage crops into several assemblages, each single 
assemblage being attributed to feed a particular herd batch), making it explicit to the participants and 
enforcing a common understanding among researchers, farmers and extension services.  
 
2.3. Specifying the scope and the boundary objects 
Specifying the scope of the participatory research allows for researchers to determine which boundary 
objects are needed (e.g. types of grasslands and crops, series of climatic years), then to develop them 
into informative and interactive supports. Informative supports describe the farm environment (e.g. 
local climate), the constraints (e.g. restriction on maize silage use) and the objectives (e.g. ensure 
forage self-sufficiency). Interactive supports represent components of the farm (e.g. grasslands, 
animals). These boundary objects are actually tailored to enable players make projections of potential 
farming system adaptations to climate change.  
 
Although forage crops are all intended for feeding animals, they display consistent differences as 
regards their productivity, seasonality and feed quality and hence their use. For instance, maize is 
grown for several months, harvested once and can then be fed as silage throughout the year, whereas 
permanent grasslands are grown for several years, and are either grazed or harvest possibly several 
times per year. There are also different types of grasslands (e.g. permanent and sown), each 
exhibiting wide diversity. All these facts have far-reaching consequences for the way farmers 
assemble areas of diverse forage crops and for the overall organization of the livestock system. Thus 
they are represented on forage sticks that display forage production across the year of a combination 
of a forage crop and its year-round management at a four-week timescale. Sticks can be generated 
using simulation models, databases or expert knowledge.  
 
As for forage crops, animals display differences and seasonal variations in their morphological, 
feeding, reproductive and physiological descriptors, in particular due to their management by the 
farmer (INRA, 2007). These facts affect the way farmers divide herd into batches, decide to manage 
reproduction and feeding (fig. 2d), and allocate sets of forage crops to each herd batch. Again, we 
considered it very important to make these differences and seasonal variations explicit and visible in 
our boundary objects. For an animal representative of a herd batch and its year-round management 
(e.g. a highly productive dairy cow calving in autumn), the game contains sticks that display the 
feeding requirements in kilograms per day for each four-week period. Sticks can be generated using 
the INRA fill unit system (INRA, 2007), a feed evaluation and rationing system.  
 
2.4 Participatory design by using the boundary objects 
Boundary objects are used in the course of participatory workshops in which a livestock system is 
designed through an iterative trial-and-error approach. The idea is to generate a livestock system 
configuration in view of satisfying some general objective (here, meeting forage self-sufficiency in new 
conditions induced by climate change), evaluate its biophysical and organizational feasibility and then 
reiterate until satisfaction is attained (steps 2 and 3 in Figure 1). The players are first introduced to the 
game board, the set of forage and animal sticks and the rules to use them. This could be done by 
representing an existing or stylized farming system on the game board. This awareness phase is 
expected to enable players focusing entirely on reflexions and discussions about designing a system 
consistent with a new situation. Playing the game starts with selecting the desired animal sticks 
according to farmers’ objectives regarding mainly animal productivity and reproductive period. Then 
diet cards are selected that specify a type of diet e.g. grazed herbage with silage maize and 
concentrates assigned to the herd batch over a four-week period. Diet cards make the connection 
between animal and forage sticks. The latter then have to be selected and combined with 
corresponding areas. The selection of the sticks aims at matching animal feeding requirements with 
accessible forage production over each four-week period with respect to the diet cards selected. This 
involves paying particular attention to the seasonal variations of forage production and animal feeding 
requirements.  
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The calculations required by the game to accurately match animal feeding requirements with 
accessible forage production over each four-week period can be complicated. For this reason, we 
have developed a spreadsheet to automate the calculations of indicators used for evaluation and 
thereby hasten the process whereby players decide whether to continue with a new iteration of the 
design and evaluation steps. The interface available to players summarizes the following input 
information: (i) the choices made for herd management (calving date, year-round diet regime); (ii) the 
choices made regarding the selection and area allocation to combinations of forage crops and their 
year-round management; (iii) the resulting distribution of the farmland between forage crops. The 
interface then provides output indicators: (i) animal feeding requirements over each four-week period; 
(ii) forage production over each four-week period; (iii) animal intake for each type of food over each 
four-week period; (iv) the resulting satisfaction of animal needs over each four-week period and its 
extent, and the forage stocks needed over the period; (v) the resulting graphical representation of 
year-round distribution between grazed herbage, forage stocks and concentrates in the animals’ diet. 
The input information and output indicators provided by the spreadsheet are available to the players at 
any time during the game. 
 
3. Application to designing livestock systems adapted to climate change 

We have developed a three-stage approach to support the participatory design of livestock systems 
adapted to the particular issue of climate variability and change. This approach is relevant to foster 
adaptation to both internal and external changes of the farm (e.g. internal change; new objectives - 
self sufficiency- or new means -silage not allowed-, external changes: climate change). 
 
We assume that the design of a farming system has to be done gradually from strategic choices 
(system dimension and main objectives) towards more tactical issues (how to manage the system to 
reach those main objectives). According to the “model for action” (Sebillotte and Soler, 1990), those 
two aspects of farm management (strategy vs tactic) rely on different background knowledge. 
Strategic choices of a farmer rely on his perception of the average context in which the system is 
whereas his tactical plan (decision-making rules) deals with the variability of this context. The design 
approach therefore has to include two kinds of workshops: one dealing with the average climate 
change and one dealing with climate variability. In this example, 3 workshops lasting about two hours 
and involving 2 to 4 farmers and/or advisers and 2 researchers were set up.  
 
In the first workshop, players represent on the game board an existing or stylized farming system and 
evaluate it with the spreadsheet. At this stage, they do not need to think about what they should 
change in the system to cope with a new production context, e.g. climate change by 2050. At the 
same time they handle interactive support (e.g. forage stick) and see which associated variable in the 
evaluation spreadsheet (e.g. area allocated to the forage stick) could be modified and which 
evaluation indicator it gives.  
 
The core objective of the first workshop is the determination of a strategy for the farming system faced 
with climate change (e.g. by 2050). During the first round, players design a farming system using the 
following boundary objects (graphs of daily temperature, daily soil water availability, weekly rainfall 
and daily grass growth as informative supports, and forage sticks as interactive supports) representing 
an average climatic year of the past. These boundary objects are constructed by averaging the 
considered variables (e.g. dry matter of forage production) over several climatic years. During the 
second round, the players follow the same exercise using supports representing an average climatic 
year of the future. They can change any part of the livestock system to better cope with the new 
production context. 
In the second workshop, players refine the system designed in the first workshop. Starting with this 
initial system, they confront it with two consecutives climatic years representing part of future climatic 
variability. In the meantime, they refine this initial farming system and, if necessary, reconsider its 
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main objectives (e.g. forage stock at the end of the year, milk production). However, they may comply 
with constraints over space related to the structure of the farm (e.g. utilised agricultural land area, 
permanent grassland area and irrigated area).   
 
The third workshop aims to reveal tactical management that enables dynamic response to the 
conditions of a peculiar climatic year disclosed progressively. The climatic year considered exhibits the 
typical variability of future climate. In this way players react to the weather and related forage 
production they have to manage at each four-week period. They also have to think about what they 
should do to make the system viable whatever might happen in the next period. Here, only tactical 
adaptations may be performed.  
 
Each phase of the approach is essential and cannot be skipped. Indeed, players have first to 
understand how to play (trail round and round for past average climate) and then pre-design the 
system for adapting it to major change (round for future average climate). This pattern is necessary to 
frame the specification of the system for fitting with more specific years (second workshop). At last, 
decision making rules could rightly been expressed only if objectives and general operations of the 
system are yet determined (third workshop). 
 
4. Discussion and conclusion 

Research programs are increasingly evaluated in terms of “outcomes (changes in values, attitudes 
and behaviour in the world beyond the walls of the research institute) rather than outputs (in the form 
of knowledge embodied in peer-reviewed articles, software or datasets)” (Matthews et al., 2011). 
Following such incentives, in addition to the outputs generally produced by such projects, we have 
developed forage rummy in order to generate outcomes by stimulating discussions between farmers 
and/or extension services, reflective and interactive analysis and learning around the design and 
evaluation of farming systems. 
 
4.1. Outcomes for players and outputs for researchers 
Still, from the application presented and the other experiences that we have had with forage rummy, 
we observed that the game helped to stimulate enthusiastic discussion about farming, its underlying 
logic and the most promising technical and business trends. By using the forage rummy, farmers 
confront their farming logics, share and formalise their knowledge and can progressively arrive at a 
consensus about the advantages and disadvantages of their technical choices. Playing the game 
under a climate change scenario leads them to discuss the scope for adapting their current systems, 
in particular to cope with the increasing frequency of unfavourable seasons with dry summers. In this 
way, it proves successful in stimulating enthusiastic reflective and interactive analysis by players. The 
player’s enthusiasm is a key feature (Bots and van Daalen, 2007) that, we believe, is attributed to the 
speed of the evaluation process using the spreadsheet model as it enables them to quickly assess the 
consequences of their choices before investing into a new design and evaluation loop. Analysis by the 
players is supported by the considerable knowledge and dataset made available through easily 
understandable visual representation on the forage sticks. Farmers learn about the various degrees to 
which forage crops resist drought according to their management or the extent to which the 
seasonality of their production differs. They then built arguments upon it in the course of the game. 
This process is known as adaptation by design (Meinke et al., 2009).  
 
Science often tackles practical issues based on knowledge resulting from partial or discipline-related 
views, whereas the broad biological, economic and social aspects of this information should be 
assessed (Meinke et al., 2009).  By observing the players, researchers gain understanding about 
farmers’ reasoning in organizing or adapting their systems. This is of particular interest as the 
management component of farming systems is generally neglected by the farming systems research 
community (McCown et al., 2009). Observation of farmers playing the game therefore offers an 
opportunity to look inside farmer’s mental model (Duru and Martin-Clouaire, 2011). Repetition with 
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different players might lead to generic insights about how to integrate into farm models the way 
farmers cope with unpredictable and uncontrollable factors and come up with different options 
depending on the conditions encountered. This is a precondition to achieve “relevance to real world 
decision-making and management practice” in farming system models (Keating and McCown, 2001). 
The use of such models might then help to reinforce the production of outcomes to support the 
development of farming systems adapted to a range of conditions.  
 
4.2. Strength of the method for designing livestock systems adapted to new climatic conditions  
Forage rummy belongs to the family of model-based farming system design approaches (see Martin et 
al. (2012) for a review). In most cases, description of these approaches in the literature is limited to the 
model that is used to evaluate farming systems designed while the methodology of the design process 
remains obscure. With forage rummy, both the design and evaluation processes are clearly 
formalized. Forage rummy is tailored to design innovative livestock system adapted to local conditions, 
i.e. taking into account the agro-ecological peculiarities of regions (e.g. climate, spatial heterogeneity 
of soil type), and farmers’ goals and assets (Hansen et al. 2009). Most farm models rely on very 
detailed mechanistic submodels, especially of the biophysical processes, and require data from on-
farm measurements that are very difficult to collect (Martin et al., 2011b). In contrast, thanks to the 
clarity and simplicity of its conceptual model and for the sake of its usability, the forage rummy uses 
simple submodels and empirical data from experts. Such modelling choices were supported by the 
authors’ experience with the development of more complex models (Cros et al., 2004; Martin et al., 
2011c) and by the literature on participatory modelling. Indeed, the latter states that a simple model is 
easier to communicate and explain than more complex models which generally have narrow 
applicability, are data-demanding and hence difficult to calibrate for a new application context (Voinov 
and Bousquet, 2010). This actually corresponds to a change in the function of computer models in the 
design process, from a core complex and integrative whole to a set of simple models used 
independently for prior preparation or in support of the design process.  
 
The modelling choices concerning the boundary objects also facilitate involvement of the players. For 
them, the game constitutes a material and social platform to experiment with and to support learning 
about farming systems and consequently to develop their adaptive capacity (Darnhofer et al., 2010). 
The use of informative supports allows to reproduce in a simplified manner, one or more aspects of 
the players environment, both known (e.g. past climate) or expected (e.g. future climate). The 
boundary objects create artificial situations close to the real ones. In the application, players easily get 
into the game because they feel they have already experienced the effects of climate change. 
Interactive supports allow them to reproduce realistically and rapidly some aspects of their activity 
(e.g. feeding animals), which leads them to engage decision thinking in the virtual context presented, 
and thus to express arguments, preferences and critics of the choices envisioned. The interactive and 
iterative nature of the design and evaluation process help to ensure the quality of the information 
produced (Voinov and Bousquet, 2010). For instance, the forage sticks converting relevant and 
objective scientific knowledge into easily understandable information confer higher credibility, 
legitimacy, and saliency to the design process and its outputs. It helps to make the process 
transparent, in addition to specifying the assumptions being made.  
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