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• Food systems contribute around one third of all anthropogenic greenhouse gas (GHG) emissions 

globally (Crippa et al., 2021) and are a leading factor in the destabilization of several planetary 

boundaries (Campbell et al., 2017).

• Additionally, current food systems outcomes leave 3 billion globally unable to afford healthy diets 

(FAO, 2023), poor quality diets among the leading mortality risks globally (GBD 2019 Risk Factors 

Collaborators, 2020).

• In response to these multiple intersecting crises, there is an urgent need to transform food 

systems (Fanzo et al., 2021; Singh et al., 2021; Webb et al., 2020; Willett et al., 2019)

Introduction



• Scenario modelling and analysis have been routinely used to grapple with food systems transformation: 

Including the EAT-Lancet Commission (Willett et al 2019) - static input-output modelling & the Food 

Systems Economics Commission (FSEC, 2024) - integrated assessment framework to explore future 

food systems pathways.

• Rather than single model analyses, we employ a multi-model ensemble of 9 dynamic global economic 

models running two food systems scenarios: 

• (1) continuation of current trends ‘business-as-usual’ (BAU) to 2050

• (2) food systems transformation scenario (“EL2”) that combines EAT-Lancet diet recommendations, 

supply-side productivity increases, and reductions to food loss and waste (FLW) 

Introduction



• Multi-model ensemble building on AgMIP (Agricultural Model Intercomparison and Improvement Project) 

food system modelling efforts (e.g. Nelson et al., 2014; Rosenzweig et al., 2018; Stehfest et al., 2019).

• Ensemble includes 9 global economic models, which have featured in a wide range of high-level 

science-policy reports

Methods: Multi-model ensemble



• Two scenarios: 1) a ‘business-as-usual’ (BAU) scenario based on current trends that model BAU assumptions on diets, crop and 

livestock productivity, food loss and waste (FLW). 2) second scenario - core EAT-Lancet reference diet whereby the diet is achieved 

globally by 2050, along with higher productivity growth rates similar to trends associated with SSP1, and a reduction of FLW.

• Diet change assumed to be driven by consumer preferences shifts.

• Both scenarios include climate-related impacts to crops (using IPSL GCM average of the GGCMI crop model ensemble for soybean, 

maize, wheat, and rice), livestock, and agricultural labour

• Current results use SSP v2 data on GDP and population. Updated results will include v3 release.

Methods: Scenarios



• Long-run historic agricultural land and population from the History database of the Global Environment 

(HYDE) (version 3.3). HYDE provides land data at global and country level from -10,000CE to present. 

• FAO Food Balance Sheet (FBS) data are used to compare global production from 1960 to 2020 with 

projected production under BAU and EL2 scenarios out to 2050. 

Methods: historical analysis



Preliminary Results: Food system 
changes, BAU 2050 vs 2020 
• Across global agriculture, increases on average to per capita calorie availability (+6%), production (+35%), area (+8%), 

emissions (+36%). Decrease on average to producer prices (-5%).

• Some heterogeneity across different food sectors.



Preliminary Results: Food system 
changes, EL2 vs BAU scenario 2050
• Decreases on average on key food systems dimensions, with livestock products seeing larger relative declines than 

crops.

• E.g. 57% reduction in livestock product calorie availability vs 13% for crops. Largely driven by diet changes in scenario



Preliminary Results: Value of production
• Value of global agricultural production in EL2 scenario is larger than 2020 (+66%) but smaller than BAU 2050 (-17%).

• Value of veg., fruits, and nuts production in EL2 scenario is larger than both 2020 (28%) and BAU 2050 (36%).

• Value of ruminant meat in EL2 scenario is smaller than both 2020 (-71%) and BAU 2050 (-83%).

Value of production (billion USD)



Preliminary Results: Land changes
• Positive growth rate of global cropland in EL2 scenario but smaller than historic average and BAU projections

• Negative growth rate of global grazing land in EL2 scenario, substantial break with historic average and BAU projections



Preliminary Results: Production changes
• Growth rates of global production of ruminant meat in EL2 scenario is a substantial break with recent history and BAU projections 

• Global production of veg., fruits, and nuts in EL2 scenario is comparable to growth rates from recent history but almost double BAU 
scenario



• Model ensemble results highlight agreement and uncertainty in food systems 
transformation.

• Several reasons for differences across model ensemble results e.g. model 
composition effects, differing interpretation and implementation of scenarios, 
and differing model design, parameterization, and representation. 

• EL2 transformation scenario shows a possible future with fundamental 
revaluing of, and within, food systems.

• Historical analysis, particularly for ruminant meat, shows changes to land and 
production would represent a substantial departure from previous trends.

Discussion
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