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Abstract 
With a focus on two of the Sustainable Development Goals -  halve global food waste and reduce food 
losses along the value chain as well as end all forms of hunger by 2030, the objective of this study is 

to investigate the potential impact of food waste and loss reduction and dietary changes on food 
security, emissions, land use change as well as water use. For this purpose, this study employs an 

advanced CGE neoclassical model known as the Modular Applied GeNeral Equilibrium Tool (MAGNET). 
A biobased variant of the standard GTAP database consisting of numerous additional biobased 

activities splits (including waste and recycling) is used to enhance to analysis of the circularity of food 
waste reductions. To control the balance of food nutrients in the diet when changing consumer dietary 

patterns, we also include a nutrition module in MAGNET. In the case of food loss and waste, worldwide 
estimates of food waste rates classified into seven regions from the FAO are employed.   

In addition to a reference scenario to 2050, we simulate a set of additional scenarios. Comparing with 
this baseline, the first three scenarios will examine 30%, 40% and 50% reductions in food waste over 

the period 2020-2050. The second set of three scenarios will examine 30%, 40% and 50% reductions 
in red meat consumption in all regions, whilst maintaining the protein balance as in the baseline. 
Results will be presented with a focus on the key economic (output, household incomes), social 

(employment) and biophysical/environmental (emissions, water and land usage) indicators available 
in the MAGNET model.  
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Assessing the impacts of changing consumer behaviour patterns on 
our planetary boundaries 

 

Introduction 
With ever more mouths to feed worldwide, policy makers are engaging in ways to develop more 

sustainable and climate friendly systems of economic development that avoid further increases in 
harmful greenhouse gas emissions and reduce the burden on our natural biophysical planetary 

boundaries. One hot topic is the role of changing consumer behaviour and attitudes to food 
consumption. The FAO (2014) estimates that annually, the economic cost of food waste amounts to 
2.6 trillion USD, equivalent to 3.3% of global GDP. Furthermore, non-market biophysical benefits 

arising from reductions in food waste in terms of land and water savings are to be expected. From an 
environmental perspective, also reducing activities in emissions intensive activities such as primary 

agriculture is expected to play a positive role in curbing greenhouse gas emissions. This could be 
achieved through not only food waste reductions, but also changes in consumers’ diets through the 

sourcing of protein from non-meat activities. Earlier research suggests that economic performance 
indicators are expected to worsen as a result of food waste (Rutten et al., 2013a; Philippidis et al., 

2019), although what perhaps remains less clear is the resulting impacts are the circular impacts 
arising from changes in available waste as a source of biomass for market goods (e.g., energy).  

The current paper therefore employs an advanced variant of a neoclassical computable general 
equilibrium (CGE) simulation model to examine how changing consumer choice patterns impact on a 

wealth of economic, social and environmental market indicators and the resulting trade-offs, for a 
selection of regions across the world. Additional modelling innovations to look at changing diets 

account for food substitution effects under conditions of unchanged food balances compared with a 
baseline, whilst the rates of food waste by regions, which are reduced over the 30 year time horizon 
from 2020 to 2050, are also expected to incur a time related change owing to rising per capita incomes.   

  

Methodology 
This study employs an advanced CGE neoclassical model known as the Modular Applied GeNeral 
Equilibrium Tool (MAGNET) (Woltjer et al., 2014), which is a recursive dynamic variant of the standard 

GTAP model. As noted, this version of the model is benchmarked to version 9 GTAP database (2011). 
A biobased variant of the standard GTAP database consisting of numerous additional biobased 

activities splits (including waste and recycling) (Philippidis et al., 2019) is used to enhance to analysis 
of the circularity of food waste reductions. 

A long run reference scenario transition pathway to 2050 is designed and implemented based on the 

Global Energy and Climate Outlook (GECO) published by the Joint Research Centre of the European 



 

3 
 

Commission (Keramidas et al., 2018).  To characterise this climate and energy pathway, detailed 
assumptions are implemented regarding real macroeconomic growth, population change, fossil fuel 

prices, energy usage and efficiency by types of activity and region, emissions changes and land 
productivities. Moreover, given agri-food focus, the treatment of primary agriculture captures 

agricultural factor rigidities, asymptotic land supplies and long run biophysical estimates of land 
productivities. Furthermore, to avoid the bias relating to excessive income elasticity driven demands 

for agriculture and food over long terms time horizons in rapidly growing economies with rising per 
capita incomes, regional income elasticities of household demands are endogenously adjusted 

downwards in function of rising purchasing power parities. 

The study also makes use of a nutrition module in MAGNET (Rutten et al., 2013b, 2014) in order to 

control the balance of food nutrients in the diet when changing consumer dietary patterns (i.e., red 
meat reductions). In the case of food waste, worldwide estimates of food waste rates classified into 

seven regions from the FAO (2011) are employed, whilst econometric estimates of changing food 
waste rates as a function of rising per capita incomes (under the assumptions of current consumer 

attitudes) are also computed to improve the food waste cuts imposed in our simulations.    

 

Scenarios 
In addition to a reference scenario to 2050, up to six additional scenarios will be considered. 
Comparing with this baseline, the first three scenarios will examine 30%, 40% and 50% reductions in 

food waste over the period 2020-2050 assuming time linear reductions. As mentioned in the previous 
section, the initial rates of food waste are based on FAO estimates whilst assuming unchanged 

attitudes to food waste, we econometrically calculate revised food waste rates by region with changes 
in their per capita incomes. The second set of three scenarios will examine 30%, 40% and 50% 
reductions in red meat consumption in all regions, whilst maintaining the protein balance as in the 

baseline. In this way, it will be possible to model more faithfully food substitution effects in favour of 
other protein sources.  

Results will be presented with a focus on the key economic (output, household incomes), social 
(employment) and biophysical/environmental (emissions, water and land usage) indicators available 

in the MAGNET model.  
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