
 

Available online at www.centmapress.org 

 
 

 

Proceedings in 

System Dynamics and Innovation in Food Networks 2018 

 

374 

DOI: http://dx.doi.org/10.18461/pfsd.2018.1830 

INTERNATIONAL 

JOURNAL ON 

FOOD SYSTEM 

DYNAMICS 

 

Applying System Analysis and System Dynamics Modelling In 

Complex Research Projects - The Case Of VALUMICS 
 

Anna Hulda Olafsdottir*1, Ingunn Gudbrandsdottir1, Harald U. Sverdrup1, 

Sigurdur G. Bogason2, Gudrun Olafsdottir2, Gunnar Stefansson2 
 

1-Icelandic System Dynamic Centre, (ISDC), Faculty of Industrial Engineering, Mechanical Engineering and 

Computer Science, University of Iceland, VR-II, Hjardarhagi 6, IS-107 Reykjavik, Iceland 

2-ASCS- Applied Supply Chain Systems Research Group - Faculty of Industrial Engineering, Mechanical 

Engineering and Computer Science, University of Iceland, VR-II, Hjardarhagi 6, IS-107 Reykjavik, Iceland 

 

*Corresponding author, annahulda@hi.is; iyg1@hi.is; hus@hi.is; sigboga@hi.is; go@hi.is; gunste@hi.is  

 

 

ABSTRACT 

VALUMICS is a Horizon 2020 project funded by the European Commission (2017-2021). The project structure is 

highly integrated and transdisciplinary, building on the expertise of over 30 specialists in various fields of 

research including knowledge integration through systems analysis and system dynamics modelling, food 

science, supply chain management, life cycle assessment, logistics, economics and social science. The aim of 

the project is to analyze the dynamics of food supply systems using a structural analysis including system 

analysis and perform system simulations using system dynamics. The VALUMICS research approach and the 

project design are explained and it is justified why system analysis is needed to obtain an understanding of the 

complex connections and interactions of the distinct parts of food systems. Patterns will be recognized and 

thus causes and effects of complex relations within the selected food supply system and networks will be 

identified. This understanding of the functioning of the system can in turn be used to identify policy 

interventions.  
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INTRODUCTION 

Contemporary food supply chains tend to be complex, including many stakeholders, stretch across countries 

and even continents (Hearnshaw and Wilson, 2013; Dhanan et al., 2017). In addition to stakeholders involved 

in the physical processes along the supply chains, many others are involved. In addition to the producers and 

final consumer stakeholders such as governments, monitoring and control organizations, insurance companies, 

financial institutes, and various service providers, to name some, are involved (Grimm et al., 2014). 

Furthermore, throughout the supply chain, the value is generated by many of these stakeholders and in an 

incorporated supply chain, value chain can be identified and defined. 

Frequently, descriptions and analysis of supply chains have somewhat limited scope of single upstream or 

downstream processes, flows of materials such as raw materials, components or finished goods, information 

flow in addition to financial flow between stakeholders. Typical units of analysis are efficiency and economic 

performance, time aspects of processes, quality of products, environmental impacts together with societal 

impacts of each undertaken supply chain (Schoenfuss and Lillemo, 2014) 

Commonly, only one or maybe two of the above units of analysis are being embraced in many research 

designs, often due to the complexity when involving more units or simply due to time or financial constraints. 

Hence, the output of such research tends to be an analysis of simplified supply chains missing many of the 

important interactions between important components and stakeholders of the system being analyzed. This 
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simplification may also be necessary due to the fact that the analytical frameworks and tools being applied 

cannot manage too many nor too complex relations as is the fact with many simulation tools and visualizations 

tools available and used by researchers (Trienekens et al., 2012). 

From the early start of designing the VALUMICS project, the ambition was to go beyond traditional research 

design and try to understand and describe the complexity of contemporary food supply chains and value 

chains. Henceforth, a methodology applying system analysis and system dynamics was selected to further 

understand these complex chains and furthermore generate models that can show the effects through 

analyzing and visualizing the causal effects found in the system when one or more factors are changed, such as 

market price, lead times, availability or scarcity, etc. The benefits of such approach are miscellaneous as various 

issues can be addressed, such as how to increase resilience of the undertaken supply chain, how integrity can 

be increased as many modern consumers insist on knowing about the origin of the products (David et al., 

2017), who the manufacturer is in addition to ingredients (Lemke and Luzio, 2014). Furthermore, despite 

positive advances in health and quality of life, the modern lifestyles can have negative and unsustainable 

aspects, particularly in relation to overproduction and overconsumption (Backhaus et al., 2011). Additionally, 

food production has large environmental impacts where e.g. meat and dairy consumption account for almost 

one quarter of all final consumption impacts – by far the largest share in the food and drink sector (Weidema et 

al. 2008). Supply-side efficiencies are essential to mitigate these impacts, but will not be enough without 

addressing the consumption behaviors and lifestyle patterns that lie at their source (see e.g. UNEP, 2015; 

Ranganathan, 2016). This implies that the interpretation of sustainability, social responsibility, integrity and 

resilience has to be translated into the food sectors, in a way that is relevant and meaningful. The VALUMICS 

system dynamics team come from a long experience of working with long term sustainability of food supply 

systems in many variations (Haraldsson 2004, Sverdrup and Svensson 2004, Haraldsson and Sverdrup 2005, 

Öborn et al., 2005, Modin-Edman et al., 2007, Missimer et al., 2010, Sverdrup et al., 2017a,b), and 

environmental life cycle assessment of food products (Ramos et al., 2015).  

 

Recently, FAO published a report where the definition of sustainable Food Value Chain is presented as: “the full 

range of farms and firms and their successive coordinated value-adding activities that produce particular raw 

agricultural materials and transform them into particular products that are sold to final consumers and 

disposed of after use, in a manner that is profitable throughout, has broad-based benefits for society and does 

not permanently deplete natural resources”  

 

In the quotation, the definition of the “full range of farms and firms” refers to both value chain actors who take 

direct ownership of the product, and various business service providers (e.g. banks, transporters, extension 

agents, input dealers and processors who charge a fee) (FAO, 2014). From the FAO report, the complex 

framework described in the literature has been drawn up into a systems presentation that the VALUMICS 

project will adapt as a useful concept for developing the project’s approach. Further to this, the following 

definitions influence the work: 

 

 The food value chain is comprised of the stages of the path of the food products starting with inputs, 

primary production, manufacturing, logistics and transportation, grocery and retail sectors until 

consumers. Further, consumers generate waste which can be partially recycled, closing the loop. The 

viewpoint of economic value addition is emphasised.  

 Food system comprises the food value chains/networks and in addition, waste management and all the 

supporting and interacting activities such as administration and policies (governance), education and 

research, financing activities etc. The food system can be viewed as a social-ecological system. 

 

This background confirms the need to employ dynamic systems analysis to capture within the food systems 

under study both value chain complexities and the supply chain system and decision structures to progress 

from the current state of art. System analysis involves identifying the components of a system, building a 

mental model of how they relate to one another and presenting it as a causal loop diagram (CLD). Once a 

mental model has been constructed, the dynamics of the system can be recreated using mathematical 

simulation models. Such models can then be used to explain past behavior of the system and predict and 

influence future outcomes.  

 

METHODS  

For any modelling, three basic steps are required for the modelling to be successful. These are illustrated as 

follows from Figure 1. In VALUMICS project the system thinking methodology, carried out through iterations of 
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the learning loop, is the key driver of the project and its application is essential for successful execution and for 

meeting its ambitious goals (Figure 2). 

 

 
Figure 1. The formal steps of any modelling 

 

In the VALUMICS project the benefits of system thinking are exploited to the fullest extent. This includes the 

inherent learning mechanism of the CLD building process 

which is described as the learning loop (Figure 2). Building a 

CLD involves identifying, sorting and drawing the relevant 

variables into a CLD. The CLD is the foundation on which a 

mathematical simulation model is built. The model is tested 

using actual historical data and conclusions made based on 

the current knowledge and understanding. New insights 

can then be developed based on these conclusions which 

calls for a redefinition of the problem and the question 

starting a new iteration of the learning loop. 

The initial mapping of food systems is driven by a 

combination of internal and external stakeholder 

workshops, four in total, where the transdisciplinary 

expertise of the various participants is used to analyze the 

system in terms of its causal relationships and feedback 

structure. All of the consortium members will initially 

attend the workshops to provide expert input. They have 

broad and in-depth experience from earlier projects and scientific merits to analyze gaps and develop further 

the additional relevant research questions needed to ensure the scientific and innovative approach of the 

VALUMICS activities during all phases of work.  

 

 
Figure 3: Workshop format used in VALUMICS. The work alternaties between model framework and system 

dynamics development and workshops with stakeholder, being a broad collection of stakeholders or a narrow 

collection of concerned scientists working in the project.  

 

Furthermore, external stakeholders will be involved in the workshops to provide specific inputs to ensure the 

relevance of the approaches and provide complementary expertise and background information linked to case 

studies.  After each workshop, new insights and questions are formed and addressed which adds to the overall 

understanding. Figure 3 demonstrates the dynamics and iterative nature of the project approach reflecting the 

learning loop process. The VALUMICS systems method is successfully tested in earlier projects in Scandinavia 

like the large Swedish Research programmes SUFOR I+II, ASTA I+II or Food21 I+II, or in EU Research Projects like 

CONVERGE. 

Figure 2: The learning loop (R=reinforcing 

loop; B= balancing loop) 
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RESULTS 

The VALUMICS project will implement a holistic approach and causality based system framework, supported by 

new advances in theory, modelling and data gathering, which is required to capture and understand the 

dynamics and interactions in food systems from providers of farm inputs to consumers, including the waste 

managers and policy makers. The overall objective of the VALUMICS project is to provide decision makers 

throughout food value chains with a comprehensive suite of approaches and tools that will enable them to 

evaluate the impact of strategic and operational policies to enhance the resilience, integrity and sustainability 

of food value chains for European countries. This overall objective is divided into specific aims, which are 

associated with the four operational phases of the project where key activities have been defined (see Figure 

4). 

 

 
Figure 4 - Conceptual diagram of the VALUMICS model building, showing the four project phases, and the flow 

of information and analysis across the project (ABM: agent based modelling; CLD: causal loop diagrams) 

 

Phase 1: Development phase – Fundamental groundwork: 

1. Develop approaches and tools to analyse the structure, dynamics, resilience and impact of food chains on 

food security, economic development and the environment: 

 Develop an overarching causality based conceptual model framework to analyse the structure, 

dynamics and governance of selected food value chains, 

 Prioritise relevant key indicators/determinants and metrics based on their capacity to explain 

influences on resilience, and impacts on governance, food security and sustainable development, 

including economic, environmental and social dimensions, 

 Apply specific tools to analyse quantitatively and qualitatively the functioning of food value chains and 

assess their impact. 

 

Phase 2: Integration phase – Case studies, data gathering, primary and secondary analysis  

2. Analyse further the suitability of selected indicators to capture the evolution of resilience, the 

sustainability and the integrity of a set of major food value chains across Europe, and their transformative 

capacity: 
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 Explore relationships, value and risk distribution, power asymmetries including perceptions of fairness 

and information exchange along food chains and examples of best practice in actor relationships 

leading to greater equity, 

 Map dynamics of material and energy flows, environmental impacts, cost structures and price 

transmission, 

 Assess collaborative governance forms and consumer relations, drawing on innovative good practice. 

 

Phase 3: Exploration phase – Integrated quantitative model leading to future studies 

3. Develop an integrated modelling approach and use for the analysis of external and internal drivers 

influencing the performance of food value chains and demonstrate options for improved business 

strategies. Explore also the impact of public regulations (quotas, subsidies, public procurement policies 

etc.) and private initiatives (certification, Corporate Social Responsibility, marketing, retailer standards, fair 

trade etc.), which have shaped these food chains to assess the conditions under which these interventions 

enhance or not resilience, integrity and sustainability. 

 

Phase 4: Policy and use phase – Fit for purpose tests and scenarios 

4. Build foresight scenarios to reflect on the possible evolution of those food chains and on the kind of public, 

private and civil society instruments that would enable enhancing their desirable outcomes or counteract 

their negative impacts. 

 

 
Figure 5 - The case studies will grasp larger or smaller parts of the value chains and combine many aspects at 

systems level, and cover specific food product cases interactions, and governance systems. 

 

Drivers that influence chains' sustainability performance will be analysed and mapping performed of a wide 

range of value chains. The selected chains will cover various sectors and represent short and local food chains 

in regions across Europe as well as global chains, to give a thorough insight in upstream and downstream chain 

flows and interactions between chains (examples in Figure 5).  

 

The work on the case studies are designed around the modelling process. To ensure adherence to the 

systematic approach the case studies are implemented using common guidelines. The case studies are selected 

based on their potential to support the  goals of the VALUMICS project to explore resilience, sustainability and 

integrity of food supply chains and systems. The case study process is divided into the following five steps:  

1. Problem articulation involves describing the food systems to be addressed, including e.g product 

functional unit, spatial scale, temporal scale, key mechanisms and transformations inside the system, 

system boundaries and timeframes and identifcation of key stakeholders in the systems. Goals are 
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defined and problems to be addressed identified based on historical behavior and potential future 

behavior 

2. System conceptualization starts with mapping product flow using EPC (event driven process) 

methodology. Then the system is mapped using using CLD‘s and flow charts where the mapping is 

based on the idea of an integrated supply-, value- and decision chain and include the flow of physical 

food products, money and the decision linkage. The information on causal relationships and flow are 

based on information gathered in the  EPC model, literature review and interviews with stakeholders.  

The drivers of change in terms of the problematic system behavior (e.g. resilience, sustainability, 

integrity issues) will be identified. The data is identified for the  simulation model (for parametiziation 

and validation). This is sorted into data for starting conditions, boundary conditions, parameter 

settings for different processes and mechnisms, and data on system state. The system states are not 

used to initialize the model, but rather to evaluate the performance of the model and identify 

scenarios for testing and potential policy implementations  

3. Simulation model formulation is based on collecting the relevant data and formulate simulation 

(system dynamics) model based on the CLD created in the case studies. The model is built using Stella, 

and the model parameterized using the data collected (e.g. price and demand curves). 

4. Model evaluation includes checking if the model can reproduce the historical behavior using part of 

the data collected and  sensitivity analysis 

5. Model implementation will focus on testing scenarios identified for policy implementations with 

relevance to resilience, sustainability and integrity of food supply chains and systems. 

 

In addition to the central dynamic analysis modelling, VALUMICS will compare this output with several 

traditionally used modelling methods, e.g., for econometric analysis, to validate advances made in new 

theories in dynamic quantitative modelling. Stakeholders will be consulted at appropriate points in the work, 

both to involve them in co-creation activities, and to prime them for take up of information disseminated and 

communicated by the project. The systems will be tested for sustainability in all aspects, in terms of physical 

sustainability and resilience, economic sustainability and stability and in terms of social sustainability. Social 

sustainability represents challenges, but can in no serious integrated assessment study be omitted (Sverdrup 

and Svensson 2004, Missimer et al., 2010). Validating the model outputs on historical data is important to do 

when this is possible. If the model is capable of reconstruction the observed history, then we have a very strong 

case for getting useful predictions about the future. If the model turns out to not be able to reconstruct the 

past sufficiently well, then the model will lack explanatory power and should not be used for future planning or 

policy development.  

 

DISCUSSION 

One of the benefits of mapping the system in a causality loop form from the beginning is that the data 

gathering will be much more efficient. As a result of the workshops only the data needed will be gathered. The 

work will collate existing information on the VALUMICS challenges, drawing on theory and literature, other 

projects, clusters, and existing information channels, and use these for:  

 

 Building a conceptual model on dynamics of food value chains and networks to capture their 

resilience, integrity, sustainability and efficiency, and further guide data collection and for quantitative 

modelling work; 

 Mapping food value chains to determine critical points where key indicators must be recorded, and 

confirm the indicators identified through stakeholder interactions, at the various nodes in the often 

complex value chains; 

 Establishing parameters (metrics) to identify and measure/quantify the structure, dynamics and 

governance in selected food value chains, including local vs. global drivers, networks for resilience 

(including adaptability and transformability), integrity, sustainability, efficiency, food security, taking 

into account economic, social and environmental impacts; 

 Analysis of the food supply-, value- and decision chains to include the primary production, processing, 

production of consumer products, trade with logistics, commercialization, consumption stages and the 

production of waste. These stages include six functions placed in a sequential order: farming inputs, 

farming/breeding, food processors, food machines manufacturers, services, and traders/retailers. 

Then consumer analysis will be added to provide a comprehensive perspective of the food chain 

functioning and dynamics.  
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From the analytical point of view, the proposed approach includes: i) main actors who operate in order to add 

value to the food they “produce” and then sell (farmers, processors, traders/retailers); ii) supplier actors who 

provide inputs and services such as farming inputs, food industry machinery and services; iii) consumers for 

their role of final recipients of the food chain outputs. 

 

  
Figure 6-. Integrating physical supply systems (black) and the value flows (Green), with decisions made that 

govern the system (Red). All have to be properly analyzed to constitute a proper system.  

 

Many classical engineering approaches have an overemphasis on the physical parts with flows and stocks, and 

seem to forget or hide the human interaction (Haraldsson and Sverdrup 2005, see also Figure 6). The 

connections are often under the excuse that it is “too difficult” or “too uncertain”. Likewise, the economics of 

the system is done with statistical or linear approaches under similar excuses. If the human interaction or 

decisions are important or required for realistic representations, then such excuses are invalid. If the physical 

flows are not exactly represented by the economic flows, then the system representation will be flawed. We 

put emphasis on integrating physical supply systems and the value flows they create with the decisions made 

that govern the system in the VALUMICS project, in order to overcome such short-comings. All necessary and 

required components will have to be included and their interactions properly mapped and analyzed to 

constitute a proper system.  

 

CONCLUSION 

The system approach in the VALUMICS project is designed to obtain an understanding of the complex 

connections and interactions of the distinct parts of food systems. Patterns will be recognized and thus causes 

and effects of complex relations within the food systems identified. The VALUMICS project will provide an 

understanding of the functioning of the food systems which in turn can then be used to identify policy 

interventions.  This will be achieved by the following:  

i. Model assessments through policy development of the physical, social and economic domains  

Policy is developed in a recursive manner, where a policy proposal is always followed by an assessment of the 

outcome from that policy with respect to the goal, as well as being investigated for side effects and goal 

conflicts. The process will incorporate the conflicts, political contexts, and the power relationships and 

asymmetries, to provide optimal potential policy and governance recommendations based in real life value 

chain scenario. 

ii. Mapping of advanced market mechanisms and causalities 

An aggregated first draft of causality link diagram to grasp those issues will be developed. Price transfer will be 

studied in selected food value and supply chains, which implies coupling such models along the chains and 

studying price transfer dynamics. The transfer of a price signal along a chain depends on transaction speeds, 

signal delays, supply chain delays, degree of transparency, extraction of costs and rents, and a number of other 

factors that needs to be explored and researched. 
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