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Abstract: Decision-making for sustainable development of agricultural regions is challenged by 
the complexity of the livestock system and the involvement of multiple actors. To support the 
decision-making process, model-based games could improve the understanding of possible con-
sequences of decisions at hand. This study analyzed the opportunities to use model-based games 
in order to support the decision- making process in the Peelhorst region, an area with a high live-
stock density in the south of the Netherlands. 

Stakeholders were interviewed to identify key issues in the decision-making process. This yielded 
two types of issues: 1) issues related to the sustainability of the livestock system; such as public 
health and odor and 2) process related issues, i.e. issues related to governance or stakeholder in-
teraction, such as trust and awareness. For each issue a literature review was made and possible 
indicators and models were identified. For half of the issues clear indicators or models were 
found, whereas for the other half no clear indicator could be defined and additional research is 
needed. Tackling issues related to governance requires discussions or workshops with relevant 
stakeholders. Model-based games could feed into these discussions to encourage knowledge ex-
change and support decision-making.  
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Introduction 
The sustainability of livestock production is a topic of fierce debate. On the one hand, the world’s 
livestock sector significantly contributes to climate change, eutrophication, acidification, water 
pollution, and biodiversity loss. Current livestock production levels pose severe pressure on the 
environment via their emissions to air, water, and soil. The livestock sector, for example, is re-
sponsible for about 15% of the global anthropogenic emissions of greenhouse gases, whereas it 
uses about 70% of all agricultural land (Steinfeld et al., 2006; Gerber et al., 2013).  

On the other hand, from a socio-economic perspective, livestock production contributes signifi-
cantly to the agricultural gross domestic product and provides income and employment for many 
smallholders worldwide (Steinfeld et al., 2006; Van Calker et al., 2008). Nonetheless, the demand 
driven livestock chain has also caused a cost prize squeeze for farmers, resulting in measures to 
upscale production and minimize production costs (Wiskerke, 2009). As a result, the effect of 
livestock production on issues as the environment, public health, employment, food security and 
animal welfare are widely discussed in science and society (Boogaard et al., 2011; Alders, 2011). 
The need for a transition towards more sustainable livestock production is increasingly expressed 
(Bos et al., 2009; Le Gal et al., 2011).  

A transition towards sustainable livestock production strongly depends upon the field of spatial 
planning as they constrain, enable and direct spatial developments. Spatial planning, however, is 
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making a shift towards more collaborative governance approaches (Termeer et al., 2013). There-
fore, regional stakeholders play a key role in addressing current societal problems like sustainable 
development of livestock production. Nevertheless, the various dimensions of sustainability and 
possible conflicting consequences of decisions make decision-making for sustainable livestock 
production complex. In addition, uncertainty regarding the impact of decisions on complex is-
sues, such as public health, hinders decision processes. Therefore, decision-making for sustaina-
ble livestock production requires insight in the trade-offs and synergies among economic, ecolog-
ic and social consequences (De Boer et al., 2011). Integrating different models can help in ana-
lyzing these trade-offs and synergies at a regional level (De Boer et al., 2011). Models are in-
creasingly used to support policy makers by providing insight on possible consequences of poli-
cies and scenarios (Vayssieres et al., 2011; Klerkx et al., 2012). Modeling is considered to help to 
address holistic questions, provide a better understanding of how systems operate, and it can help 
to identify knowledge gaps, support decisions processes or calculate policy outcomes (Klerkx et 
al., 2012; Le Gal et al., 2011; Gouttenoire et al., 2011). Many models, however, focus on issues 
of importance for farmers and advisors and do not address a broader range of stakeholders, even 
though they are considered as crucial partners in redesigning the system (Le Gal et al., 2011; 
Klerkx et al., 2012). 

Recently several papers have discussed the application of models in serious games to bridge the 
gap between science and society and to involve a broader range of stakeholders to decision-
making processes (Martin et al., 2011; Vieira Pak & Castillo Brieva, 2010). Applying such games 
can help to understand complex systems, represent a problem, observe players behavior, obtain 
information on decisions, create space for sharing knowledge and creating consensus (Castella et 
al., 2005; Vieira Pak & Castillo Brieva, 2010).  

This study, therefore, aimed to explore the opportunities of games to facilitate multi-stakeholder 
decision-making on sustainable livestock production at the regional level. To reach this objective 
three sub questions were distinguished: 

- What are the issues at stake in decision-making on the future of livestock production? 

- What indicators and models are available to quantify these issues? 

- How can games support multi-stakeholder decision-making and integrate models? 

 

Methodology 
This research addresses economic, environmental and social issues of livestock production at a 
regional scale. The system boundary can be defined as the regional landscape in which livestock 
production is connected to other activities like manure processing and arable farming. Livestock 
production is dependent on other processes for its inputs (i.e. labor, feed, animals, fossil fuel, 
water, equipment, electricity, and construction material) and outputs (i.e. animal products, ma-
nure). In addition, the system influences the region through farm income, landscape quality, and 
the impact on public health, climate change, eutrophication and acidification. Therefore, changes 
in the livestock system have impact on multiple dimensions at the regional level.  

 
Research framework 
Figure 1 shows four phases required to develop a game to facilitate multi-stakeholder decision-
making. This research focused upon the first three phases. In phase I, a literature review was car-
ried out to identify the case study region and to develop an analytical framework using the 
framework of Burgess & Chilvers (2006). The framework distinguishes five elements: the con-
text, decision situation, engagement process, and the outputs and outcomes. The context includes 
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the institutional, political, cultural and environmental characteristics of the situation. The context 
influences the decision situation; the purpose, objectives and inputs of the process. The interac-
tion between actors (who), the method (how) and the resources (time, money and expertise) de-
fine the engagement process. The results of the engagement process lead into outputs (plans, in-
dicators, and instruments) and outcomes (material changes and learning outcomes) (Burgess & 
Chilvers, 2006). In this study, the framework of Burgess & Chilvers (2006) provided a structure 
for the analysis of the context, process, and issues involved in the decision-making on livestock 
production.  

To gain insight in the issues involved in decision making on livestock production a case study, 
the Peelhorst region in the Netherlands, was selected. In the Peelhorst region, the municipality of 
Gemert-Bakel formed a focus area. The case study was selected on the basis of the high density 
of livestock in the region and the willingness of the local and regional government to cooperate. 
In addition, the literature review gave insight in the application of games in multi-stakeholder 
processes in agricultural, and land use sciences.  

Figure 1: Research framwork adjusted from Viera Pak & Castillo Brieva (2010). 

 

In phase II, a stakeholder analysis was carried out and interviews with stakeholders were orga-
nized. A stakeholder analysis matrix resulted in a list of relevant stakeholder organizations to 
interview in order to gain insight in the issues at stake (Grimble & Wellard, 1997). The stake-
holder analysis included organizations currently involved in the Peelhorst Network (Appendix 1). 
The key stakeholders included two agricultural organizations of which one, the most actively 
engaged in the process (ZLTO), was selected for interviews. The municipality of Gemert-Bakel 
can be divided in an administrative part (policy makers) and a political part (political parties in 
the municipal council); interviews with both parts were carried out, and with two political parties. 
This resulted in a total of ten interviews. The interviews took on average one hour and were rec-
orded and transcribed.  

The interviews resulted in a list of issues that play an important role in the decision-making on 
livestock production in the Peelhorst area. Literature was studied to find (quantifiable) indicators 
to integrate the issues in a model. Information on available models was collected through litera-
ture study. The results of phase II were used to draw conclusions on the possibilities to integrate 
models into a game to support decision-making in a multi-stakeholder process (phase III). To 
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ensure the viability of the research, different sources of data (interviews, policy documents, pub-
lications and scientific literature) have been used in order to strengthen the evidence (Yin, 2003). 
The development and implementation of a game (phase IV) can be carried out in a follow-up pro-
ject. 

 
 
Results 
 
Analysis of the context 
The Peelhorst area is a region located in the Dutch provinces of Noord-Brabant and Limburg. The 
high livestock density and its impact on the environment, public health and infrastructure results 
in pressure on the quality of life in the area (Provincie Noord-Brabant, 2011). The outbreak of 
diseases like Classical Swine Fever (1997), Foot and Mouth Disease (2001), Avian Influenza 
(2003) and Q fever (2007-2010) especially increased societal concerns about the impact of live-
stock production on public health (Smit et al., 2012). In 2009, a citizens’ initiative ‘Megastallen-
Nee’ was supported by 33.000 citizens of the province of Noord-Brabant, and expressed concerns 
regarding large-scale farms. A network (Peelhorst network) was set up by the province of Noord-
Brabant to work on a more sustainable agriculture through facilitating dialogue and sharing ex-
pertise and ideas for the future of the Peelhorst (Netwerk de Peelhorst, 2013).  

The municipality of Gemert-Bakel, located in the east of the province, is one of the municipalities 
where the impact of intensive livestock production is a topic of fierce debate. Although about 
10%, of the employment in the municipality of Gemert-Bakel is connected to agricultural produc-
tion; societal concerns regarding intensive livestock play an important role in the political debate 
in the municipality (Provincie Noord-Brabant, 2013; 2013b) 

Analysis of the process 
Interviews with stakeholders in the Peelhorst region resulted in insights in the engagement pro-
cess: the interaction of stakeholders, methods and resources. A wide range of stakeholders is in-
volved in the discussions on the future of livestock production in the Peelhorst region (Appendix 
1). Key stakeholders in the discussion are governments, agriculture organizations, the environ-
mental federation, tourism platform, and a local citizen group.  

The interviewees indicated that to represent your stake and address the challenges in the area, 
joining networks and meetings is important. Stakeholders organize meetings to interact with their 
colleagues and provide information through newsletters and websites in order to develop their 
opinion and come up with suggestions. Also petitions, demonstrations and even excluding oneself 
from the dialogue are ways to raise awareness for local challenges and concerns. 

Knowledge plays an important role in the discussion in the Peelhorst. Within the interviewed 
organizations and networks, experts are involved to gather up-to-date information on different 
issues connected to (the impact of) livestock production. In the area several networks are active to 
exchange knowledge and experiences, such as the Peelhorst Network but also more specifically 
the Brabants Zoonoses Network.  

The stakeholders were asked to reflect on the role of the participatory process (dialogue) to find 
solutions for the livestock production related challenges in the region. Communication on the 
future of livestock production through organizing dialogue is considered as a good initiative. 
Stakeholders underline the need for a joint approach as the challenges in the area are part of a 
complex system and cannot be solved by one stakeholder alone. However, interviewees indicated 
that they haven’t seen a lot of results yet, which results in skepticism about the outcomes of the 
dialogue. This skepticism results from a high level of distrust among citizens, farmers and gov-
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ernments. Nonetheless, to make a change, trust between farmers, citizens and politicians is need-
ed. However, in order to develop trust, statements or actions (i.e. first results) are needed; ‘You 
end up in a chicken or the egg dilemma.’   

Analysis of the issues, indicators and models 
Stakeholders were asked to mention the key issues related to the discussion on livestock produc-
tion in the Peelhorst area. This resulted in a wide range of issues, on different levels of abstrac-
tion and related to different complex systems. To provide a structure in the issues, a division into 
three different parts was made: the livestock sector, governance, and stakeholder interaction (Fig-
ure 2). Issues connected to governance and stakeholder interaction can be defined as social pro-
cesses, and cannot be quantified or modeled. Therefore, we make a distinction between issues 
and social processes. 

 
Figure 2: Key Issues in the discussion on the future of livestock production. 

 
 
Livestock sector 

Many of the issues mentioned by stakeholders refer to the livestock systems as the context of the 
challenges in the area. Appendix 2 provides an overview of issues connected to the livestock sec-
tor. Issues such as farm profitability, external environmental impact, particulates, endotoxines, 
and manure can be quantified and modeled. However, for issues such as public health and land-
scape quality defining a single indicator is troublesome as scientific research is ongoing and in 
some cases provides ambiguous results e.g. on the impact of odor pollution on neighboring resi-
dents. As a result, for half of the issues clear indicators and models were found, whereas for the 
other half no clear indicator could be defined and additional research is required.   
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Governance 

Interviewees mentioned several issues connected to decision-making and governance. Decision-
making is a social process that is strongly dependent on the willingness to reach consensus. Deci-
sion-making is often supported by multi-criteria analysis, scenarios or models (Vayssieres et al., 
2011; Klerkx et al., 2012). The issues governance and decision-making cannot be quantified or 
modeled. Nonetheless, surveys and interviews can help to gain insight in decision-making and 
governance approaches.  

Stakeholder interaction 

The third complexity in the discussion in the Peelhorst region has to do with stakeholder interac-
tion and refers to acknowledgement, trust, a shared understanding, stakes and awareness. Insight 
in the level of acknowledgement, trust etc. can be obtained through in-depth interviews with 
stakeholders (Saarikoski, 2000; Blatner et al., 2001). The issues are of high importance in collab-
orative processes and can be addressed through workshops or games. Games are increasingly 
considered as a tool to raise awareness, understanding and trust amongst stakeholders (Vieira Pak 
& Castillo Brieva, 2010; Gourmelon et al., 2013). 

 
The use of games  
Game theory focuses upon interdependent decision-making among stakeholders with conflicting 
preferences regarding the outcome of decisions. Playing a game is an interactive way of learning 
in which players develop awareness, expertise, broaden their scope and can help to discuss com-
plex systems (Klabbers, 2009). Several land use and agricultural studies have used games to gain 
a better understanding of decision-making in socio-ecologic systems (SES) (Washington-
Ottombre et al., 2010; Martin et al., 2011; Gourmelon et al., 2013; Castella et al., 2005; Vieira 
Pak & Castillo Brieva, 2010). To show the diversity of applications of methods and games sever-
al studies are briefly described:  

Board game 

Martin et al. (2011) developed a board game ‘forage rummy’ to engage farmers and extension 
services in livestock system design and evaluation. To support the process and define feeding 
requirements a computerized support systems was available for the players. The study stimulated 
discussions, reflective and interactive analysis, and learning about farming systems, management 
and the scope for their adaptation (Martin et al., 2011).  

Role Playing Game (RPG) 

Washington-Ottombre et al. (2010) uses multiple methods to qualify and quantify drivers of land-
use decisions: RPG, GIS (Geographical Information System), LTM (land transformation model), 
and MCE (multi-criteria evaluation). The RPG was used to analyze land use drivers and decision-
making processes. GIS was used to import maps developed by the participants. The LTM was 
used to measure the relative spatial importance of the land use drivers in each map produced by 
participants. Finally, the MCE was used to translate the discussion into quantitative variables. 
Integrating RPG with other methods in quantitative studies is considered useful to analyze com-
plex land-use dynamics.  

Participatory modeling 

Vayssieres et al. (2011) developed a whole-farm model called GAMEDE, to evaluate the sustain-
ability of dairy enterprises (Vayssieres et al., 2009). The model provided input for discussions 
with farmers about the different farm options. The integrated participatory modeling of actual 
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farms method supports interactive policy making. Qualitative data provided by the involvement 
of stakeholders was combined with quantitative data from farm surveys and simulations. 

 
Discussion 
 
Issues in decision-making on the future of livestock production  
Interviews with stakeholders in the area resulted in a wide range of issues related to livestock 
production that are considered important in the decision process in the Peelhorst. Three groups of 
issues could be divided into issues connected to the livestock sector, governance, and stakeholder 
interaction. Studies on the sustainability of livestock production commonly focus on environmen-
tal, economic and social indicators. This study illustrates the importance of governance issues and 
stakeholder participation. These findings are in line with the recent published SAFA (Sustainabil-
ity Assessment of Food and Agriculture Systems) guidelines of the FAO that included govern-
ance as a fourth domain of sustainability (FAO, 2013).  

This study highlights the importance of public health in the discussion on the future of livestock 
production. The issue of public health is not regularly addressed in livestock studies or it is lim-
ited to issues like workers’ health, food safety or antibiotic usage (Van Calker et al., 2008; Dol-
man et al., 2012). The ambiguousness of the impact of livestock production on public health and 
a lack of objectively quantifiable indicators could be a reason for the absence of public health in 
sustainability analysis studies.  

 
Indicators and models to quantify the issues 
To study the opportunities to develop a game to facilitate multi-stakeholder decision-making both 
livestock issues as well as social processes (i.e. governance and stakeholder interaction) need to 
be addressed. About half of the livestock issues can already be quantified and modeled, whereas 
for the other part multiple indicators, risk maps or expert opinions could be used to gain insight in 
the impact of these issues on the region. To address the social processes more qualitative ap-
proaches are needed using interviews, workshops and games.   

The use of games to support decision-making  
Games are commonly used to discuss complex issues in a participatory setting; it can encourage 
discussion, reflection and raise awareness and hereby support the decision-making process. Stud-
ies on the field of land use decision-making often integrate quantitative and qualitative approach-
es as a high level of uncertainty and lack of data is often involved (Washington-Ottombre et al., 
2010). The use of games presents an interesting opportunity to combine the different issues of 
this research: (1) issues with a clear indicator and available models, (2) issues with uncertainty 
and multiple indicators or risk maps and (3) social processes.  

Conclusions 
Stakeholders involved in the discussion on livestock production in the Peelhorst are concerned 
about the impact of livestock production on diverse sustainability issues (e.g. environmental im-
pact, public health and landscape quality), and societal issues related to governance, and stake-
holder interaction. For half of the issues clear indicators or models were found, for the other is-
sues no clear indicator could be defined and additional research is needed. The social processes 
mentioned by stakeholders, like trust and awareness, could be studied by interviews or pro-
actively addressed through games.  

An integrative methodology is needed to cover both sustainability issues and social processes and 
discuss the complexity of livestock production in a participatory setting. Future studies should 
aim to integrate models and develop risk maps to support the integration of complex issues in 
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games. In addition, a prioritization of issues by giving weight could help to select a limited num-
ber of issues to start with, and to improve the overview and depth.  

Past experiences highlight the useful application of games in stimulating discussions on complex 
processes like the one presented in this paper. A game could help to develop a shared understand-
ing and raise awareness among stakeholders; it can provide input for policy development and 
design of livestock systems. Hereby, games can possibly help to address the divers challenges 
that the Peelhorst is currently facing, and facilitate the multi-stakeholder decision-making pro-
cess.  
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Appendix 

Appendix 1. Stakeholder analysis 

Organizations Stake 
Affected 
by situa-
tion? 

Influence 
on situa-
tion? 

Key stakehold-
er? Interview 

Mental healthcare East Bra-
bant Public health Yes No No 0 

Provincial Council for Public 
Health Public health Yes No No 0 

Veterinary service Peelhorst Animal 
health Yes No No 0 

Foundation Men, Animal and 
Peel Livability Yes Yes Yes 1 

Village consultation 
Elsendorp Livability Yes No No 0 

Livable Elsendorp Livability Yes No No 0 
Dutch Union for pig farmers 
(NVV) Farming Yes Yes Yes 0 

Dutch Federation for Agricul-
ture and Horticulture – South 
(ZLTO) 

Farming Yes Yes Yes 1 

Environmental Service 
Region Eindhoven (SRE 
Milieudienst) 

Environment No No No 0 

Regional Environmental 
Service (RMB) 

Supporting 
governments No No No 0 

Province of Noord-Brabant Divers Yes Yes Yes 1 

Peelhorst Network Facilitate 
dialogue Yes Yes Yes 1 

Municipality of Gemert-Bakel 
- Policy makers 
- Political parties 

Divers Yes Yes Yes 3 

Ministry of Economic Affairs Divers Yes Yes Yes 1 
University of Applied Sci-
ences (HAS Den Bosch) Education No No No 0 

Environmental Federation 
Brabant (BMF) Environment Yes Yes Yes 1 

Tourism Platform Brabant 
(TOP) Tourism Yes Yes Yes 1 
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