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Abstract 
Agri-food supply chains (ASC) are an important application domain for Operational 
Research/Management Science. In particular, the use of agent-based simulation (ABS) has 
increased in ASC research in recent years. This paper reviews existing ASC research that use ABS. 
The review begins by analysing the characteristics of the models and modelling reported in the 
literature. It illustrates that existing modelling research features extensive use of: single echelon 
supply chains; cases from high and middle income countries; unprocessed food products, 
empirical (as opposed to hypothetical) data; decision-making related to production planning and 
investment; and the use of black box validation. The second part of the review uses bibliographic 
mapping to analyse areas in ASC research which are yet to be addressed using ABS.  We find that 
areas such as collaboration and competition, buyer-seller relationships, and service are under-
researched. In addition, key actors in ASC such as food processors, supermarkets and retailers 
have not been included in the ABS models reported.  Furthermore, these models have yet to 
incorporate important supply chain management theories such as Transaction Cost Economics 
and Resource-Based View as part of their design.  

Keywords: Literature review, Agent-based modelling, Agri-food supply chain, bibliographic 
mapping 

1. Introduction 
Agri-food supply chains (ASC) comprise a network of heterogeneous actors working together in 
different processes and activities to deliver products and services to the market and satisfy 
customers’ demands. Actors in ASC include various organisations from producers, distributors, 
processors and consumers (Ahumada and Villalobos, 2009, Higgins et al., 2010, Pla et al., 2014, 
Borodin et al., 2016). The actors in ASC do not usually form linearly integrated businesses 
(Kutcher and Norton, 1982, Higgins et al., 2010).  They have a high degree of autonomy with 
objectives that may conflict with those of the other actors. Consequently, this limited perspective 
makes it difficult for them to envisage how their individual decisions may affect the performance 
of the whole supply chain (Higgins et al., 2010)). Furthermore, the dynamics in ASC are often 
influenced by social factors (e.g. lifestyles, personal values, safety concerns) (Busby and Onggo, 
2013, Busby et al., 2016, Chebolu-Subramanian and Gaukler, 2015), economic factors (e.g. price) 
and the environment (e.g. climate variability) (Borodin et al., 2016)). Actors in ASC have to adapt 
to these external factors in order to survive. In the light of these characteristics, it is not surprising 
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that some authors (e.g., Ahumada and Villalobos (2009)) argue that ASC are complex and hard to 
manage. 

The complexities of ASC have attracted the interest of Operational Research and Management 
Science (OR/MS) researchers since the late 1940s (Borodin et al., 2016) and they have been the 
subject of a number of reviews. Ahumada and Villalobos (2009) reviewed the application of 
mathematical models in agricultural production and distribution planning while Janssen and van 
Ittersum (2007) reviewed the use of optimisation models (known as bio-economic farm model in 
the agriculture literature) to assess farm innovations and responses to policies. More recently, 
Soto-Silva et al. (2016) reviewed the applications of OR/MS methods in fresh fruit supply chain 
and Borodin et al. (2016) reviewed the methods to handling uncertainty in ASC. The OR/MS 
techniques in these reviews include Agent-Based Simulation (ABS) and the benefits of using ABS 
in ASC have been highlighted by a number of authors (e.g., Higgins et al. (2007), Nolan et al. 
(2009), Higgins et al. (2010), Krejci and Beamon (2012) and Pla et al. (2014)).  

In common with other OR/MS techniques, ABS is being continually developed and enhanced. Our 
paper provides a review of the ABS methods used in ASC in order to identify topics in ASC that 
merit further research using ABS. Our review is complementary to earlier reviews of the 
application of ABS in related agriculture fields.  These include the environment (Kelly et al., 2013), 
climate adaptation (Berger and Troost, 2014) and land use (Robinson et al., 2007, Matthews et 
al., 2007). Furthermore, we demonstrate how bibliographic mapping can supplement a 
conventional literature review to identify research opportunities for the application OR/MS 
techniques. 

Initially, we describe our literature search methodology (in Section 2).  We then present an 
overview of the application of ABS in ASC based on our literature review and discuss the models 
and modelling approaches reported.  In particular, the modelling objectives, application context, 
models (inputs, outputs, actors, rules and interactions), output analysis, experimentation, 
validation and model representation are discussed (in Section 3).  Subsequently, we present a 
bibliographic mapping analysis and discuss the ASC topics that are yet to be addressed by ABS 
researchers (in Section 4). Finally, we present the conclusions of this literature review in section 
5. 

2. Method 
The literature search employed the following databases: ABI/INFORM, Academic Search 
Complete, Business Source Complete, Science Direct and Web of Science. We restricted the 
search to articles published in international peer-reviewed journals that were written in English 
and published before February 2016. The keywords used in literature search and the results 
returned from the search are presented in Table 1. The keyword search was applied to the 
content of the articles (i.e., not limited to title and abstract only).   

The approach taken for the literature review is illustrated in Figure 1 using a PRISMA four-phase 
flow-diagram (Moher et al., 2009, Vrabel, 2015). It begins with Dataset D from Table 1. Dataset 
D contains articles relating to ASC. Duplicate articles along with editorials, news, announcements, 
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proceedings and dissertations were removed to create dataset D1 comprising 16,538 articles. 
Dataset D1 would be used for the bibliographic mapping analysis and did not require further 
filtering.  

Table 1: Keywords used in database searching and the number of returned articles 

Code Keywords ABI / 
INFORM 

Academic 
Search 
Complete 

Business 
Source 
Complete 

Science 
Direct 

Web of 
Science 

Total 

A ("agent based" 
OR "multi 
agent") AND 
(“simulation” 
OR 
(“modelling” 
OR 
“modelling”)) 

6,360  5,029  2,014 27,148  11,885  41,736 

B "supply chain" 
OR "supply 
chains" 

44,606  9,774  23,230 43,972  23,100 144,682 

C “agriculture” 
OR 
“agricultural” 
OR “food” OR 
“agri-food” OR 
“livestock” OR 
“fisheries” 

276,808 1,139,158  116,263 1,877,194 716,254 4,125,677 

D B AND C 13,608 2,000 1,849 16,035 2,444 35,936 

 
From dataset D1, we searched for articles on ABS applications in ASC (i.e., using keyword “A and 
D”). The number of articles retained was 251. These articles were then screened individually to 
ensure relevance using the following the following criteria. Firstly, the article must be accessible 
to the wider academic community. Secondly, the article must feature a complete ABS model 
rather than simply an unimplemented conceptual ABS model. Thirdly, we excluded literature 
review papers. Fourthly, we excluded articles that focus only on nonhuman actors and articles in 
which the keywords only appear in the reference section. Finally, the article must address 
research questions related to supply chain topics (e.g., processes and production systems, 
inventory management, demand management and improving the performance in the supply 
chain (Oliveira et al., 2016) and include one or more ASC actors (e.g., producers, harvesting & 
transport, food processor & storage, packaging & handling, distributors, retailers, consumers, 
and waste management). Similar to Cunningham (2001), Da Silva and de Souza Filho (2007), 
Webber and Labaste (2009) and Higgins et al. (2010), we include articles that discuss livestock, 
crops, fisheries, and food products in our agri-food supply chain review. Using these screening 
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criteria, 15 articles were retained. Next, we conducted backwards and forward citation analysis 
from these articles using Google Scholar and Web of Science. After applying the same screening 
criteria, the number of articles increased to 58.  These comprise dataset D2 that was used for our 
review.  

 
Figure 1 PRISMA flow diagram of the data collection process 

 

3. Agent-based simulation applications in agri-food supply chain 
This section provides a summary of research into the application of ABS in ASC based on dataset 
D2. As shown in Figure 2, the number of articles reporting on the application of ABS in ASC has 
been increasing, especially during the last four years (2013-2016). These articles are published in 
a variety of journals in the fields of environmental science, agriculture, computer science and 
operational research (see Table 2).   
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Figure 2: Publication of ABS application per year (2016 contains two-month worth of data) 

The most active discussion on this topic takes place in environmental science journals (e.g., 
Ecological Economics, Ecological Modelling, Ecology and Society, Environmental Modelling & 
Software and Environmental Science & Policy) and agriculture journals (e.g., Agricultural 
Economics, Agricultural Systems, American Journal of Agricultural Economics, Canadian Journal 
of Agricultural Economics). Although ASC is an important and interesting application domain for 
ABS, the number of publications in OR/MS specific journals is relatively low. One of the possible 
explanations is that many authors have focused on ASC specific research questions and ABS is 
used as a modelling tool to answer those questions. Hence, it makes more sense to discuss the 
findings in domain-specific journals such as environmental science and agriculture. 

 

Table 2: Distribution of journals that publish ABS applications in ASC 

Journal Type Number of papers (percentage) 

Environmental science 23 (39.65%) 

Agriculture 20 (34.48%) 

Computer science 7 (12.06%) 

Operational research 1 (1.72%) 

Other 7 (12.06%) 

 

3.1. Research context 

This section explores the context of the research reported in the literature. The studies were 
divided into real and hypothetical cases and Table 3 shows that most studies use real cases. The 
real cases were subdivided into categories based on the geographical location and the economic 
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development level of the country as described by the World Bank (2016) (i.e., high income, 
middle income and low income). Most of the studies took place in Europe (35.7%) and Asia (25%) 
and in high income (57.7%) and middle income (36.5%) countries. This geographical and 
economic development categorization is important because empirical evidence suggests that 
ASC actors from different geographical regions or different economic development levels may 
behave differently.  For example, differences in contract farming participation between people 
living in Ghana, India, Madagascar, Mozambique and Nicaragua are noted (Barrett et al., 2012).  
Furthermore, Meijer et al. (2006) observe the differences in preference when choosing 
transaction governance mechanisms (i.e., market, hierarchy and network) which could be 
explained by different cultural backgrounds.  Similarly, Godfray et al. (2010) explain different 
practices in developed and developing countries associated with food waste production. This 
suggests that a need to extend the reach of ABS research in ASC, particularly in low income 
countries.   
 

Table 3: Summary of the research context 

Classification Category Number of papers  

Types of case study Real case 52  

Hypothetical case 6  

Geographical context Africa 6  

Asia 14  

Australia 3 

Europe 20 

North America 7 

South America 6 

Economic Development High-Income countries 30 

Middle-Income Countries 19 

Low-Income Countries 3 

Number of food and 
agricultural products 
modelled 

Single products 17 

Multiple products 35 

Type of food and 
agricultural products 

Unprocessed product 50 

Processed product 2 

 
Alternative classifications of the real cases were also adopted relating to the number of different 
food and agricultural products that were studied. This classification is important because the 
number of products affects the modelling techniques used. This will be discussed further in 
section 3.4. As shown in Table 3, the majority of the existing studies incorporate various food and 
agricultural products. Table 3 also shows that the studies predominantly feature fresh or 
unprocessed food products.  
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3.2. Research objectives  

This section discusses the objectives of research in ASC that uses ABS as the main modelling 
method. The research objectives can be categorized into theory development (i.e., to explain ASC 
phenomena or to test a theory in the context of ASC), methodology development (i.e., to improve 
existing methods or to propose new methods for ABS in the context of ASC) or policy 
development (i.e., to predict or to analyse the impact of a management/policy decision). As 
shown in Table 4, all three types of objective feature in dataset D2 and it should be noted that a 
paper could contribute in more than one category. Interestingly, between 2001 and 2005, most 
ABS applications focused on theoretical contribution while in more recent years, between 2011 
and early 2016, ABS applications for policy development (38.3%) and methodology development 
(36.2%) studies become increasingly popular.  

Table 4: Classification based on the type of research objectives 

Research 
Objectives 

2001-2005 2006-2010 2011-early 2016 Total 

Theory 
development 

4 6 12 22 

Methodology 
development 

0 1 17 18 

Policy development 1 5 18 24 

 
One typical research objective in the theory development category is to build a model to explain 
the behaviour of agents and its consequence (e.g., Becu et al. (2003), Bharwani et al. (2005), 
Tykhonov et al. (2008), Ross and Westgren (2009), Zhang and Brorsen (2010), Graubner et al. 
(2011), Udumyan et al. (2014), Krejci et al. (2016), Malawska and Topping (2016)). Another 
popular research objective is to build a model that explains the impact of decisions by individual 
agents on the dynamics of a supply chain’s structure.  These include: the emergence of diversity; 
the dynamics of cooperation networks; the formation of clusters; and change in market power 
(e.g., Castella et al. (2005a), Ng (2008), Følgesvold and Prenkert (2009), Bert et al. (2011), Boero 
(2011), Ross (2011), Boyer and Brorsen (2013), Bakker et al. (2015), Krejci and Beamon (2015), 
Albino et al. (2016)). There is also a significant number of studies related to how innovation is 
adopted and spread among ASC actors (e.g., Berger (2001), Kaufmann et al. (2009), Olabisi et al. 
(2015)). 

The methodological papers propose either new or improved methods in ABS using ASC case 
studies with a view to possible extensions beyond ASC. Methodological developments are 
proposed in a range of topics including:  agent’s decision-making rules (e.g., Schreinemachers 
and Berger (2011) and Morgan et al. (2015)); simulation parameterization (e.g., Berger and 
Schreinemachers (2006), Schreinemachers et al. (2009), Nainggolan et al. (2012), Troost and 
Berger (2015), Zimmermann et al. (2015)); sensitivity analysis (e.g., Schouten et al. (2014), 
Brändle et al. (2015)); model validation (e.g., Smajgl et al. (2011), Bert et al. (2014), Kaye-Blake 



Dhanan Sarwo Utomo, Bhakti Stephan Onggo, Stephen Eldridge, Applications of agent-based 
modelling and simulation in the agri-food supply chains, In European Journal of Operational 
Research, 2017, ISSN 0377-2217, https://doi.org/10.1016/j.ejor.2017.10.041. 
 

8 
 

et al. (2014), Ge et al. (2015a)); and hybrid modelling approaches (e.g., Happe et al. (2011), 
Aurbacher et al. (2013), Marohn et al. (2013), Reidsma et al. (2015)). 
 
In the policy development category, most of the studies focus on finance or the use of new 
technology and innovation. Financial policy is the most popular including aspects such as: credit 
(e.g., Berger et al. (2006), Schreinemachers et al. (2007), Wossen and Berger (2015), 
Schreinemachers et al. (2009)); payment schemes (e.g., Happe et al. (2006), Uthes et al. (2011), 
Schouten et al. (2013), Brändle et al. (2015)); incentives and subsidies (e.g., Smajgl et al. (2011), 
Quang et al. (2014), Zheng et al. (2015)); pricing (e.g., Morgan and Daigneault (2015)); and 
compensation schemes (e.g., Troost and Berger (2015)). Policies related to technological and 
innovation policies include the use of: fertilizers (Berger et al., 2006, Schreinemachers et al., 
2007); improved seed (Schreinemachers et al., 2007); tree crop innovations (Schreinemachers et 
al., 2010); organic agriculture (Gagliardi et al., 2014); and technology standards (Zheng et al., 
2015)). There are a number of smaller groups of research related to policy making such as how 
supply chain actors should cooperate to adapt to climate change (Wang et al., 2013)) or minimise 
the risk of bioterrorist attack (Chaturvedi et al., 2014).  Other studies explore: suitable inspection 
policies to improve product quality (Ge et al., 2015b, Ge et al., 2015a) or food safety (McPhee-
Knowles, 2015); appropriate harvesting management plans (Worrapimphong et al., 2010); and 
policies for manure handling (Zheng et al., 2013) or animal welfare (Osinga et al., 2015).   
 
Research in the policy category can be further divided into categories based on the scope of the 
policies. Julka et al. (2002) propose that the scope of supply chain policies can be classified into: 
intra-enterprise policies that cover departments within an organisation and their interface with 
other organisations; inter-enterprise policies that cover an organisation and its supply chain; and 
cluster policies that cover all industries in a sector including their suppliers and customers and 
government. Table 5 shows that the majority of the studies have focused on the cluster category 
(please note that a paper may analyse more than one policy scope).  
 

Table 5: Classification based on policy scope 

Scope of policy Number of Paper (percentage) 

Intra-enterprise 5 

Inter-enterprise 5 

Cluster 16 

 

3.3. Data 

This section discusses the input data (for ABS development) and output data (collected during 
the simulation experiment) used by the models featuring in the studies. Table 6 shows that most 
of the input data are empirical. The most popular empirical data sources are from secondary 
sources such as Farm Accountancy Data Network (FADN) and agricultural census data (e.g., 
Happe et al. (2006), Happe et al. (2011), Zimmermann et al. (2015)). These types of publicly 
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available data are usually presented in aggregate owing to confidentiality concerns. Aggregated 
data poses a challenge to ABS modelling when generating a representative population though 
approaches such as that proposed by Troost and Berger (2015) can mitigate this limitation. 
Hypothetical data are used when researchers build a stylised model to test theories (e.g. Krejci 
and Beamon (2015)) or when empirical data are difficult to collect (e.g. food contamination 
(McPhee-Knowles, 2015)).  

Table 6: Input and output data 

Classification Category Number of 
papers 

Data type Hypothetical data 10 

Empirical data 48 

Input data source Secondary data 38 

Primary: Survey 18 

Primary: Interview 11 

Primary: Participatory Modelling 6 

Output data Production measures 24 

Financial measures 22 

Environmental measures 12 

Trust & relationship among agents 5 

Quality & safety 4 

 

ABS can be used to produce and analyse various output data relevant to ASC as shown in Table 
6. Output data related to production, finance and environment described in the papers can be 
easily measured and this reflects the prevalence of their use in ABS studies.  However, output 
data related to trust, relationship, quality and safety are more difficult to measure objectively 
and, similarly, these measures are considered to be more difficult to model (Tykhonov et al., 
2008). Nevertheless, ABS is being used to model both types of measures.  

The most popular output data related to aspects of production such as yield and produced 
quantity (e.g., Bharwani et al. (2005), Happe et al. (2006), Berger and Schreinemachers (2006), 
Zheng et al. (2013), Zimmermann et al. (2015)) and finance such as income and wealth (e.g., 
Berger (2001), Becu et al. (2003), Bharwani et al. (2005), Berger et al. (2006), Schreinemachers et 
al. (2007), Marohn et al. (2013)). Examples of model that produce environmental metrics include 
Schreinemachers et al. (2009), Uthes et al. (2011) and Quang et al. (2014)). Examples of models 
that use difficult-to-measure output data include: trust and honesty, measured using a 
probability (Tykhonov et al., 2008); the stability of symbiotic relationship, measured by 
relationship duration (Albino et al., 2016); cooperation, measured by how many times agent 
decide to work together with others (Krejci and Beamon, 2015, Boero, 2011); and inspection 
quality, measured by the probability of product misclassification (Ge et al., 2015a, Ge et al., 
2015b). 
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3.4. Agents, their decision-making rules and their interactions 

In this section, we discuss the key model design features (i.e., agents and their rules for decision-
making and interactions) used in the studies. Actors in ASC include producers, post-harvest 
processors, retailers, consumers and others (e.g., Higgins et al. (2010), Pla et al. (2014), Borodin 
et al. (2016)). Table 7 shows that the producer (i.e., farmer) is included in most ABS models 
because it is considered the most important actor, especially in agriculture and environmental 
science journals. This can also explain why the existing reported studies focus on unprocessed 
agricultural products (see Table 3).    

Table 7 shows that the scope of most ABS models is one echelon. This is likely to reflect a need 
to keep the models simple and, in agriculture studies, the focus of the analysis is often on the 
producer. However, our sample shows that the number of ABS models that incorporate multiple 
echelons is increasing (2001-2005: one paper, 2006-2010: three papers, 2011 onward: nine 
papers). This is a welcome trend as modelling multi-echelons should provide more insights for 
supply chain research (e.g.,  van der Vorst et al. (2000)). 

Table 7 Summary of model details 

Classification Category Number of papers 

Agents in the model Producer 55 

Post-harvest 5 

Processor 5 

Retailer 6 

Consumer 5 

Other 3 

Number of ASC echelons 1 44 

2 9 

3 2 

4 2 

5 1 

Decision-making rule Rule-based 46 

Equation-based 22 

Type of interactions Narrowcast 35 

Broadcast 20 

Type of agent decisions Production planning 34 

Investment 20 

Technology choice and adoption 11 

Cooperation 10 

Product tracing or quality 5 

Selling 5 

Product delivery 4 

Other 9 
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We divide how decision-making rules are represented in an ABS model into two categories: 
equation-based and rule-based (both categories may be used in one model). The equation-based 
representations use mathematical equations such as: linear programming (e.g., Becu et al. 
(2003)); mixed integer programming (e.g., Berger (2001), Happe et al. (2006) and 
Schreinemachers and Berger (2011)); and regression modelling (e.g., Bakker et al. (2015)). The 
rule-based representation uses declarative languages such as “if then else” rules (e.g., Morgan 
and Daigneault (2015)), threshold models (e.g., Quang et al. (2014)) and imitation models (e.g., 
Osinga et al. (2015)). 

The interactions among agents in an ABS model can be divided into narrowcast (i.e., an agent 
only interacts with its neighbours) or broadcast (i.e., an agent interacts with all or most of other 
agents) (Onggo et al., 2014). An example of narrowcast interaction is described in Zheng et al. 
(2015) in which agents gain knowledge regarding innovations from their neighbours. An example 
of broadcast interaction is presented in Quang et al. (2014) in which agents monitor the adoption 
rate in the population and compare it to their willingness to take risk when deciding to adopt an 
innovation.  

In terms of types of decision, we proposed the following categories:   

 Production planning: determining the type and quantity of commodities to be produced, 
land allocation and resource allocation. All these decisions are usually modelled together 
(e.g., Berger (2001), Happe et al. (2006) and Krejci and Beamon (2015)). 

 Investment: deciding to buy or sell land, adding or selling machinery (e.g., 
Schreinemachers et al. (2009), Schouten et al. (2014)). 

 Technology choice and adoption: deciding when and how to share knowledge with other 
agents and adopt a new innovation (e.g., Olabisi et al. (2015), Berger et al. (2006)). 

 Cooperation: deciding when and how to cooperate with other agents (e.g., Krejci and 
Beamon (2015)) and selecting partners to cooperate (e.g., Gagliardi et al. (2014)). 

 Product tracing or quality: deciding how to control product quality and how to trace  a 
product’s source (e.g., Ge et al. (2015a), Ge et al. (2015b)) 

 Selling: deciding where the agent will sell its products (e.g., Krejci et al. (2016))  

 Product delivery: deciding, for example, whether the agent will send products according 
to the specifications agreed with the buyer or not (e.g., Tykhonov et al. (2008)). 

 Others: decisions including managing irrigation in Becu et al. (2003) and pricing in 
Graubner et al. (2011) 

Table 7 shows the dominance of production planning decisions and reflects the focus on just the 
producer as the only supply chain echelon (31 of 34 studies). Even so, understanding how farmers 
determine their production strategy and its consequences is important and interesting for 
researchers.  
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3.5. Validation and Sensitivity Analysis  

Macal (2016) observes that what ABS gains in its ability to model complexity is offset by losses in 
its analytical tractability which includes issues relating to experiment design, output analysis and 
validation using empirical data. Our literature review illustrates that this observation is 
particularly true for ABS applications in ASC. In this section, we discuss how ABS applications in 
ASC deal with validation and experimentation issues. In our discussion, we classify validation 
techniques into theoretical (i.e., comparing model behaviours with theory), and empirical 
validation (i.e., comparing model behaviours with observation or expert judgement).  

It is also possible to classify the validation techniques of simulation models, including ABS models, 
into black box and white box validation (Montanola-Sales et al., 2011, Kleijnen, 1995)). Black box 
validation evaluates whether the model outputs either reflect the empirical observations for the 
same set of inputs (e.g., Malawska and Topping (2016), Berger (2001)) or are consistent with the 
result from a mathematical model (e.g., Onggo and Karatas (2016), Ge et al. (2015a)). White box 
validation evaluates whether the decision rules of agents represent the decision rules of actors 
in the real world and whether the structure of the model (such as the network between agents) 
represents reality. This includes techniques such as examining the validity of the model structure, 
i.e. static logic and the dynamic logic of the model components and behaviours (Montanola-Sales 
et al., 2011, Pidd, 2004) and interactive modelling sessions (Arnold et al., 2015, Berger and Troost, 
2014). 

Table 8 shows that the validation process used by 27 studies (i.e. 47%) is unclear or unspecified. 
However, it is encouraging that the proportion of papers in this category may be declining (57% 
between 2001 and 2006, 42% between 2007 and 2012, and 47% from 2013 onward). This finding 
is consistent with the earlier observations by Heath et al. (2009) that the number of ABS papers 
without validation continues to decrease every year. In our sample, 67% of studies using 
hypothetical cases and 40% of studies using real cases are not validated. In addition, many theory 
development studies are not accompanied by a validation process (52%). However, fewer policy 
development and methodology development studies are without validation details (37% and 
22%, respectively).  

Table 8 Paper classification based on the validation technique 

Validation information Classification Category Number of papers 

Absent or unclear N/A N/A 27 

Present Based on data Theoretical 7 

Empirical 25 

Process Black box  30 

White box  2 

 
Empirical validation is the most popular means to validate ABS models in ASC. This method 
includes: visual comparison between the trends produced by simulation and the actual trends 
(e.g.,  Brändle et al. (2015)); statistical comparison (e.g., Malawska and Topping (2016)); and 
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fitting a regression line between the simulated and actual data (e.g., Berger (2001), 
Schreinemachers et al. (2007), Schreinemachers et al. (2010) and Marohn et al. (2013)). 
Alternatively, theoretical validation is adopted frequently when validating difficult-to-measure 
qualitative behaviours (e.g., Tykhonov et al. (2008)). Reasons for this include the lack of widely 
available historical qualitative data or this data may not be in a form that can be readily used for 
simulation. Furthermore, standard statistical techniques may not be suitable for validating 
qualitative behaviour.  Only two papers in our dataset employs white-box validation (i.e., Bert et 
al. (2014) and Arnold et al. (2015)) which is a concern, especially considering that black-box and 
white-box validations are complementary activities (Montanola-Sales et al., 2011). 

To interpret the result of a simulation study, it is important to describe the statistical features of 
its outputs (Hamill, 2010). Furthermore, the shape of a simulation output distribution is usually 
a priori unknown and an appropriate number of replications is needed to produce meaningful 
statistics (Lee et al., 2015). Table 9 shows that 23 of 58 papers do not explicitly mention the 
number of replications used in the experiment or report the confidence interval of their 
simulation. The table also shows that a subjective method using researcher judgement is by far 
the most common with a range of 10 to 350 replications. The only exception is the study by 
Osinga et al. (2015) which uses an objective method based on the coefficient of variation 
(Lorscheid et al., 2012). 

Sensitivity analysis can be used to understand the risk from making a decision based on a model 
because many input parameters are estimated and, for ABS models, the parameters are often 
estimated subjectively. Sensitivity analysis can also be used as a form of model validation by 
checking that the model reacts correctly to changes in input parameters (Sargent, 2013). In the 
context of ABS, sensitivity analysis can also be used to gain insight into the patterns and emergent 
properties of the model (ten Broeke et al., 2016). Sensitivity analysis techniques can be broadly 
categorised into one factor at a time (OFAT) and global sensitivity analysis (GSA). OFAT sensitivity 
analysis requires us to select a set of parameter values (baseline) and then vary one parameter 
at a time while keeping all other parameters fixed. Hence, OFAT does not take into account the 
possible interaction effects between parameters. On the other hand, GSA includes the 
interaction effects by sampling a model’s outputs over a wide range of parameter values and 
then fitting a regression function or calculating sensitivity indices for these outputs (Sobol′, 2001, 
ten Broeke et al., 2016). Table 9 shows that most of the studies use OFAT. It should be noted that 
the proportion of papers that do not apply sensitivity analysis is relatively high (28%). However, 
our sample suggests that the proportion of studies reported without sensitivity analysis is 
decreasing (75% between 2001 and 2005, 23% between 2006 and 2010, 24% from 2011 onward). 
Those without sensitivity analysis are mostly theoretical papers (63%). Although ABS models used 
for theory development are not directly used for policy decision making, sensitivity analysis is still 
important to either ensure that the proposed theories are robust or find the parameter 
boundaries for which the proposed theories are valid. 
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Table 9 Summary of output analysis 

Output analysis Category Number of papers 

Number of replications Determined with subjective 
method 

28 

Determined with objective method 1 

N/A but confidence intervals were 
given 

6 

N/A, confidence intervals not given 23 

Sensitivity analysis OFAT 38 

GSA 4 

N/A 16 

 

3.6. Model representation methods 

A good model representation is important for the communication between stakeholders which 
affects the credibility of a model (Onggo, 2013). It is also important to ensure that the model can 
be duplicated and developed further by other researchers (Collins et al., 2015). Table 10 shows 
that most papers do not use any structured model representation techniques (i.e. they describe 
the model in unstructured text). Simple flowcharts, Overview Design and Details protocol (ODD) 
(Grimm et al. (2010) and Unified Modelling Language (UML) are the most popular in those papers 
that use a structured representation technique. In our sample, flowchart representation has been 
used for a long time and ODD has started to gain popularity since 2011. ODD representation is 
particularly popular for papers published in environmental science journals. 
 

Table 10: Classification based on model representation techniques 

Scope of policy Number of Paper (percentage) 

Flowchart 13 (22%) 

ODD 11 (19%) 

UML 1 (2%) 

N/A 33 (57%) 

 

4. Discussion 
In this section, we discuss the main findings from our review with findings from similar reviews 
and identify research areas in the ASC that have not taken the advantage of ABS even though 
ABS has been shown to be useful in those areas in other application domains. 
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4.1. The state of research in ASC that uses ABS 

There have been a number of reviews on the application of ABS in related application domains 
such as land use (Robinson et al., 2007), environmental science (Kelly et al., 2013) and forest 
product supply chain (Vahid et al. (2016). Table 11 summarises and compares these related 
reviews. We include Oliveira et al. (2016) because it provides the latest review on supply chain 
simulation (which includes 34 ABS papers). Consistent with our observations, Oliveira et al. (2016) 
and Vahid et al. (2016) both note the increase in the numbers of papers that use ABS which 
demonstrates that that ABS has been accepted as one of the analytical tools in these domains. 
 
Table 11 shows that both hypothetical and real case studies are used in the literature. The 
number of cases reported from low income countries is low. The objectives of the ABS models 
reported in these earlier reviews are for theory and policy development. This outcome contrasts 
with our observation that there have been a significant number of papers that seek to improve 
ABS modelling methodology. In terms of data, most papers that use ABS for policy development 
in these earlier reviews use empirical data and those for theory development (e.g., most papers 
in (Oliveira et al., 2016)) use hypothetical data. This is consistent with the finding from our review. 
It should be noted that in their review, Robinson et al. (2007) indicate that there are other 
empirical data collection techniques that could be used for ABS. For example, discrete choice 
experiment has been used in the forestry domain (e.g., Holm et al. (2016)). Another method is 
the use of a social experiment which can help researchers understand how humans behave and 
has a strong grounding in economic theories (e.g., Barreteau et al. (2001)). Qualitative data 
collection methods such as the monographic case study have also been used in natural resource 
management domain (Castella et al., 2005b)). Qualitative data collection methods are very 
important since they may provide a deeper understanding of how actors make decision for a 
given context (Robinson et al., 2007). Our findings also confirm those of previous literature 
reviews that illustrate that most models use easy-to-measure output data.  
 
Our review differs from the previous literature reviews by considering the model designs used in 
ABS studies (e.g., number of echelons, type of agents, agent’s decision rules, and types of 
interaction). We find that most ABS applications in ASC focus on one echelon (i.e., the producer) 
and the simulation of production planning and investment decisions. The agents in the models 
mostly incorporate rule-based decision-making and narrowcast interactions. Furthermore, our 
review is exceptional in that it considers how the experimentation and model validation have 
been conducted and demonstrates that there has been an increase in the number of studies that 
carry out validation and sensitivity analysis. Finally, in term of model representation, the most 
commonly used methods for model representation are the flow chart and ODD but our findings 
also show that the majority of articles do not use any method for model representation. Overall, 
when compared with these earlier reviews, our review provides a more detailed analysis of the 
characteristics of ABS model design (number of echelon, type of agent, agent’s decision, model 
representation and interaction), validation and sensitivity analysis. In other words, our review is 
done from the perspective of an ABS modeller.  
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Table 11 Summary of discussion from other literature review 

Category Robinson et al. 
(2007) 

Kelly et al. 
(2013) 

Vahid et al. 
(2016) 

Oliveira et al. 
(2016) 

Review Purpose To compare 
strengths and 
weaknesses of 
five data 
collection 
methods for ABS 

To compare five 
approaches to 
model complex 
trade-offs in land 
use 

To identify 
challenges in 
forest 
products supply 
chain research 

To identify 
developments 
and 
advancements 
in supply chain 
simulations 

Review Domain Land use science Environmental 
science 

Forest products 
supply chain 

Supply chain 

Review Scope Five ABS papers 
(2001 – 2006) 

Various methods 
including 11 ABS 
papers published 
between 2006 
and 2012 

Various methods 
including five 
ABS papers 
published 
between 2007 
and 2012 

Simulation 
papers including 
34 ABS papers 
published 
between 1992 
and 2014 

Research 
Context 

Five real cases 
from one low-
income, three 
middle-income 
and one high-
income 
countries 

Four 
hypothetical 
models; one low-
income, two 
middle-income, 
and four high-
income countries 

Real cases from 
high income 
countries 

From all papers 
(including ABS),  
57% use 
hypothetical 
case and 43% 
use real case 

ABS Research 
Objective 

Mainly for policy 
development 

Theory & policy 
development 

Not discussed Mainly theory 
development 

Data collection 
method 

Qualitative & 
quantitative 
data collection 
methods 

Not discussed Not discussed 42% use 
empirical data 
(the method 

was not 
discussed) 

Output data 
analysis  

Not discussed Mainly easy-to-
measure  

Easy-to-measure Not discussed 

Model design  Not discussed Not discussed Not discussed Not discussed 

Validation & 
Sensitivity 
Analysis 

Not discussed Not discussed Not discussed Not discussed 

Model 
Representation 

Not discussed Not discussed Mainly ODD Not discussed 

 



Dhanan Sarwo Utomo, Bhakti Stephan Onggo, Stephen Eldridge, Applications of agent-based 
modelling and simulation in the agri-food supply chains, In European Journal of Operational 
Research, 2017, ISSN 0377-2217, https://doi.org/10.1016/j.ejor.2017.10.041. 
 

17 
 

4.2. The gap between ASC and ABS research topic  

In this section, we highlight those topics within ASC in which ABS has not yet been used even 
though ABS may have been used to address similar topics in other supply chain domains. To 
achieve this, VOSviewer software (van Eck and Waltman, 2009) was used to create a co-
occurrence network of the terms obtained from the titles, abstract and keywords in dataset D1. 
Two terms are said to co-occur if they both occur on the same line. Terms with similar meaning 
were grouped together using the VOSviewer thesaurus (e.g., “agent-based” and “ABM”). 
VOSviewer places the terms in the network in such a way that the distance between two terms 
indicates the number of co-occurrences of those terms. Based on this network, VOSviewer 
identifies a number of clusters. Figure 3 shows the co-occurrence network of the terms used in 
ASC literature and the clusters identified (each colour represents one cluster and we have also 
added the circles to make the cluster more visible). 

 
Figure 3 Bibliographic mapping of ASC research 

 
To understand what these six research clusters represent, we identified the most popular 
keywords in each cluster and these are listed in Table 12. Based on these keywords, these clusters 
represent ASC-related research from: logistics, supply chain and management science (cluster 1); 
natural sciences such as biotechnology, microbiology and environmental science (cluster 2); 
humanitarian aid and public health (cluster 3); political economics (cluster 4); marketing (cluster 
5); and general management (cluster 6). 
 

Table 12 Top 10 popular keywords in each cluster of ASC research 

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 
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supply chain 
management 

biotechnology food supply economic 
theory 

Competition sustainability 

supply chains food safety public health social 
responsibility 

Marketing food 

Innovations climate change Certification economic 
development 

statistical 
analysis 

agriculture 

Logistics environmental 
impact 

risk 
management 

international 
trade 

SME food processor 

sustainable 
development 

bacteria pharmaceutical 
industry 

globalization competitive 
advantage 

management 

decision 
making 

environmental 
monitoring 

Disasters regulation consumer 
behaviour 

value chain 

operations 
research 

food supply 
chain 

humanitarian 
aid 

impact 
analysis 

CSR collaboration 

buyer-seller food 
contamination 
& poisoning 

obesity business 
ethics 

retailing  supermarkets 

information 
systems 

microbiology emergency 
preparedness 

Cooperation market 
strategy 

transaction 
cost 
economics 

management 
science 

e-coli nutrition 
research 

politics services resource-
based view 

 
Figure 4 shows the co-occurrence network of the terms used in the use of ABS in the ASC 
literature (i.e., dataset D2) and five research clusters were identified (each colour represents one 
cluster and we have also added the circles to make the cluster more visible). Cluster 1 represents 
papers focusing on understanding the agricultural system, including land use and crop 
production. Cluster 2 consists of papers aiming at modelling climate change adaptation, 
proposing mitigation policies and assessing their impact. Cluster 3 is the group of methodological 
papers including sensitivity analysis and parameter uncertainty handling. Research in cluster 4 
focuses on modelling the complexity in food supply chains including interaction with the 
environment, social network and heterogeneity. Cluster 5 includes those studies modelling the 
diffusion of innovation.    
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Figure 4 Bibliographic mapping of ABS in ASC 

 
Table 13 Top 10 popular keywords in each cluster of ABS research 

Cluster 1 
(18 papers) 

Cluster 2  
(20 papers) 

Cluster 3 
(15 papers) 

Cluster 4 
(22 papers) 

Cluster 5 
(15 papers) 

process policy method system Dynamic 

development 
farmer decision 
making scenario decision agriculture 

land use market Value Information interaction 

structure price Uncertainty environment Choice 

farm role Relationship Social network Resource 

income stakeholder Design heterogeneity farm household 

production assessment management complexity application 

characteristic climate change Parameter comparison innovation 

agricultural system adaptation sensitivity analysis behaviour policy intervention 

crop Individual policy change food supply chain diffusion 

 
In this section, clusters and popular keywords in ASC research and in ABS research have been 
presented. By comparing the keywords presented in Table 12 and Table 13, we can identify areas 
in ASC research (dataset D1) that are under-represented or missing in ASC research that uses ABS 
(dataset D2). These gaps may arise because ABS is not the right tool to research into these areas.  
However, further consideration of these areas and the benefit from the application of ABS is 
warranted. Based upon our review, we suggest the following research opportunities:  
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 Cooperation, competition and collaboration: These keywords appear in clusters 4, 5 and 6 in 
Table 12 but are missing from Table 13. ABS has been used to study cooperation, competition 
and collaboration in other domains. For example, in innovative product supply chains, 
Arvitrida et al. (2015) used ABS to explain the effect of competition and collaboration on 
supply chain performance (supply chain’s survival and profit). He et al. (2013) provide an 
example of an ABS application in a retail supply chain. Specifically, they study the optimal 
strategy to respond to competition in the retail industry and find that everyday-low-price 
strategy is the best. From data set D2, we can only find two papers studies the collaboration 
between ASC actors (Krejci and Beamon (2015) and Boero (2011)).  One main advantage of 
ABS is its ability to model the interactions between actors in a social network. Hence, ABS 
should play more important role in the research into cooperation, competition and 
collaboration in ASC. For example, we could use ABS to study the effect of the collaboration 
strategy between farmers and supermarkets on supply chain survivals. 

 Buyer-seller relationship: The keyword buyer-seller appears in cluster 1 in Table 12 but missing 
from Table 13. This keyword is a result of thesaurus grouping, and includes sub-keywords 
such as supplier, supplier relationship and buyer-seller in ASC research which are important 
concepts (e.g., Emanuela (2012)). ABS has already been used to study buyer-seller 
relationships in ASC (i.e., Tykhonov et al. (2008). This is the only example from dataset D2. 
ABS was used to simulate how different levels of trust and honesty affect the interactions 
between buyers and sellers in ASC. We know that ABS has been used to study buyer-seller 
relationship in the supply chain literature. For example, ABS has been used to study the 
general partner selection problem in a supply chain (e.g., Schieritz and Grobler (2003). In 
another context, Franke et al. (2005) use ABS to demonstrate how buyer’s trust and seller’s 
reputation can lead to more stable supply chain and in some cases, monopoly to arise. Hence, 
we believe that ABS has potential for research into different aspects of buyer-seller 
relationship in ASC. For example, we can use ABS to study the impact of strength of buyer-
seller relationship (e.g., level of loyalty) on the average market price and production volume 
of an agri-food product. 

 Service: This keyword is a result of thesaurus grouping, and includes sub-keywords such as 
customer service, food service, service industries and service architecture. The keyword 
service appears in cluster 5 of Table 12 but is missing from Table 13. ABS is one of the methods 
that is suitable for research into services in supply chains (Lusch, 2011). For example 
Rouzafzoon and Helo (2016) use ABS to study the service distribution and location problem 
in a healthcare supply chain. We believe that ABS is also relevant to researching services in 
ASC. For example, we can use ABS to study the effect of locations of service providers (e.g. 
post-harvesting, handling, bottling and packaging) and the level of service provision on ASC 
performance. 
 

In addition to the research areas highlighted above, we also found that food processors, 
supermarkets and retailers have not yet widely considered in ASC research that uses ABS. This is 
illustrated by keywords related to food processor, supermarket and retail being used frequently 
in ASC research (Table 12) and indicates the importance of these actors in ASC. However, these 
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keywords are missing from Table 13. This may be due to the commercial confidentiality of the 
data related to these ASC actors. Publicly available retail data sources include the IRI Marketing 
Data Set (Bronnenberg et al., 2008) and initiatives such as Consumer Data Research Centre 
(CDRC, 2017) may be useful in providing to access individual data. As for the aggregated data, 
methods such as that proposed by Troost and Berger (2015) are needed to calibrate an ABS 
model. Another technique that can be used is to ask these agents only to disclose reasonable 
assumptions regarding confidential information and parameters. The researchers then can 
perform sensitivity analysis on these parameters and check whether the corresponding variances 
are still within acceptable boundaries (see, for example, Sonderegger-Wakolbinger and Stummer 
(2015) in luxury goods context). 
 
We also observed that ASC research frequently uses Transaction Cost Economics and/or the 
Resource-Based View to provide its theoretical foundation. These keywords are also missing from 
Table 13 which indicates that they have not yet been used in the ABS models for ASC despite 
there being a number of examples that illustrate how these theories can be incorporated, in ABS 
in general (e.g., Klos and Nooteboom (2001), Bylund (2015)).  

5. Conclusions 
We have presented a literature review of research in Agri-food supply chain (ASC) that uses 
agent-based simulation (ABS) as the main modelling tool. Our findings demonstrate that the 
number of papers addressing ASC policies has increased which suggests that researchers have 
started to apply ABS for real world decision-making related to ASC. Similarly, there has been an 
increase in the number of papers addressing the methodological aspect of ABS for ASC research, 
which indicates that ABS has gained acceptance as a modelling tool in this application domain. 
The increase in the number of papers with model validation is another positive development. 

ABS research in this area has been dominated by the following characteristics: single echelon 
supply chains; cases in high and middle income countries; unprocessed food products; use of 
empirical data (especially from secondary sources, surveys and interviews); decisions related to 
production planning and investment; and the use of black box validation (especially in 
combination with empirical data). In comparison to earlier reviews of the use of ABS in other 
related domains, this review encompasses more papers and, more importantly, it provides a 
comprehensive review of ABS model design and ABS modelling approaches in ASC research.   

We have also demonstrated how the bibliographic mapping technique can be used to highlight 
potential research areas within ASC that have not yet taken advantage of ABS despite ABS being 
shown to be valuable in similar research areas in other application domains. The identified 
research areas are: cooperation and competition; buyer-seller relationships; and service in supply 
chains. We have highlighted that some important actors in ASC, such as food processors and 
supermarkets, are rarely modelled using ABS.  Furthermore, general theoretical frameworks such 
as Transaction Cost Economics and the Resource-Based View could potentially be incorporated 
into the design of these models. 
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