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The food waste problem has become a global concern in recent years due to its severe 

implications in terms of the environment, economy and food security. High levels of waste 

produced by the current food system call for attention and restructuring. The rapid increase in 

world population following the industrial revolution made it even more complex and challenging 

to create   and   maintain   sustainable   food   systems.    

 

Food waste may take place at different stages of the food chain such as processing, retail, 

and consumer stages. These stages are not independent of each other. The structure and operation 

principles of one can have determining effects on the waste levels produced in another. To 

understand the dynamics of food waste, particularly in the retail market and household 

consumption stages, we modeled of food chain system including the dynamic relations between 

the market share of local food (LF) and food waste levels (see Figure 1.1). The model is simulated 

in STELLA 10.0.4 software for 25 years between 2015 and 2040 with a time unit as one month. 

 

 
Figure 1.1: Causal Loop Diagram 

 

Our main dynamic hypothesis is that over time we expect the local food market share to go 

up together with a gradual decrease in food waste over time. The model results for local food 

market share and food waste in households and retail markets are plotted in Figure 1.2.  
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To test the structural validity of the model, both sensitivity and extreme condition tests are 

conducted. The results of these tests matched our expectations. 

 

                        
Figure 1.2: Base Run Results 

 

In the base run, we found out that when the non-local supplier does not intervene with the 

growth of the local supplier by means of price cutting, the market share of local food grows 

significantly and leads to remarkable decreases in both household and retail market waste 

percentages. 
 

                     
Figure 1.3: Scenario 1 Results 

 
 In the first scenario analysis, we introduced a new reinforcing loop into the model between 

shopping period and average distance to the closest retail market. We observed that this new 

addition to the model did not have much effect on the trajectory of local food market share; 

however, it led to much lower percentages of food waste (see Figure 1.3). As the second scenario, 

both base run and scenario 1 are simulated once again under the assumptions of delayed price 

cutting strategy by non-local supplier, high  household  food  waste  awareness  level  and  low  

interest  rate  for investment loans. As the third scenario, both base run and scenario 1 are 

simulated once again under the assumptions of instant price cutting strategy and high household 

food waste awareness with standard and low interest rate. From these scenarios, we observed that 

the more aggressive the price-cutting strategy of non-local supplier becomes, the more strongly 

it counteracts the other loops. In extreme conditions, it prevents local food market share from 

growing and waste percentages from falling almost completely. In cases where price cutting 

actions are not taken immediately but instead taken with a delay, all the main variables in the 

model reach a state of sustained oscillations, since none of the counteracting loops can grow 

strong enough to suppress the other.  

 

We believe that the outputs of this study illustrate how certain structural changes in the 

production and retail market stages may potentially help us address the food waste problem by 

changing food consumption and supply patterns. Increasing the density of smaller retail markets 

in neighborhoods or the market share of local food are only two of these structural changes that 

need to be studied more extensively. For further research, this model can be improved by enabling 

retail markets to price their produces differently with respect to their freshness/expiration date 

and examine whether this extension can result in any improved dynamics. 

 

 

 

 



REFERENCES 
 

Hall, K. D., Guo, J., Dore, M., & Chow, C. C. (2009). The Progressive Increase of Food Waste 

in America and Its Environmental Impact. PLoS ONE, 4(11), e7940. 

http://doi.org/10.1371/journal.pone.0007940 

 

FAO, IFAD and WFP. (2015). The State of Food Insecurity in the World 2015. Meeting the 
2015 international hunger targets: taking stock of uneven progress. 

 
Food and Agriculture Organization website (a), Retrieved on 02.03.2017. Food Wastage 
Footprint. http://www.fao.org/nr/sustainability/food-loss-and-waste/en/ 

 

Food and Agriculture Organization website (b), Retrieved on 26.02.2017. Food Loss and 
Food Waste. http://www.fao.org/food-loss-and-food-waste/en/ 

 

Food and Agriculture Organization website (c). Retrieved on 06.01.2017. Key facts on food 

loss and waste you should know. http://www.fao.org/save-food/resources/keyfindings/en/ 
 

Griffin, M., Sobal, J. & Lyson, T.A. (2009). An analysis of a community food waste stream. 

Agriculture and Human Values 26: 67. 
 
Gunders, D. (2012). Wasted: How America Is Losing Up to 40 Percent of Its Food from Farm 
to Fork to Landfill. NRDC Issue Paper:12-06-B 

 

Low, S. A., & Vogel, S. J. (2011). Direct and intermediated marketing of local foods in the 

United States .Economic Research Report: 128. Washington, DC: Economic Research 

Service, U.S. Department of Agriculture. 
 
Matson J., Martha Sullins M. & Cook C. (2013). The Role of Food Hubs in Local Food 

Marketing. USDA Rural Development Service Report: 73 
 
Nielsen Global Brand-Origin Survey website Global vs. Local: The Choice is Clear for Fresh 

and Packaged Foods (2015). Retrieved on 21.01.2017. 

http://www.nielsen.com/eu/en/insights/news/2016/global-vs-local-the-choice-is-clear-for- 

fresh-and-packaged-foods.html 
 

Reynolds W.N., Wimberley R. C.(2003). Food from Our Changing World: The Globalization 

of Food and How Americans Feel About It. Southern Rural Development Center. Retrieved 
on 01.03.2017 from https://faculty.chass.ncsu.edu/wimberley/Global-Food/foodglobal.pdf 

 

Stave, K.A.; Kopainsky, B. (2014). Dynamic thinking about food system vulnerabilities in 

highly developed countries: Issues and initial analytic structure for building resilience. In 

Proceedings of the 32nd International Conference of the System Dynamics Society, Delft, 

The Netherlands, 20–24 July 2014 

 

Tuttle B. (2014). Your Grocery Store May Soon Be Cut in Half. Money - Time Inc      

website. Retrieved on 05.02.2017. http://time.com/money/136330/why-your-grocery-

store-may-soon-  be-cut-in-half/ 
 

 

 

 

http://www.fao.org/nr/sustainability/food-loss-and-waste/en/
http://www.fao.org/food-loss-and-food-waste/en/
http://www.fao.org/save-food/resources/keyfindings/en/
http://www.nielsen.com/eu/en/insights/news/2016/global-vs-local-the-choice-is-clear-for-fresh-and-packaged-foods.html
http://www.nielsen.com/eu/en/insights/news/2016/global-vs-local-the-choice-is-clear-for-fresh-and-packaged-foods.html
https://faculty.chass.ncsu.edu/wimberley/Global-Food/foodglobal.pdf
http://time.com/money/136330/why-your-grocery-store-may-soon-be-cut-in-half/
http://time.com/money/136330/why-your-grocery-store-may-soon-be-cut-in-half/
http://time.com/money/136330/why-your-grocery-store-may-soon-be-cut-in-half/

