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This supporting information provides descriptions of the MRIO models FABIO and FABEXIO, which are used in the analysis.
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FABIO 

FABIO (Food and Agriculture Biomass Input-Output) is a physical MRIO model designed to trace biomass flows and embodied land use across global agrifood supply chains. It covers 191 countries and one rest-of-world region, with 119 processes (e.g., crop cultivation, livestock production, forestry, and fishing) and 123 primary and processed food and agricultural commodities, with the unit of tons per year or 1000 heads per year between 1986 and 2020 (Bruckner et al., 2019).  In this study, FABIO (v1.2) is applied to capture the land-driven biodiversity impact and land use footprint (land occupation) specifically within the agrifood system (Bruckner & Kuschnig, 2020). 
To prevent double-counting of land use footprints and improve accuracy, the FABIO land use extension must be adjusted from harvested area to physical area, acknowledging that the same land can yield multiple harvests within a year (Marquardt et al., 2019). This adjustment is achieved by aligning the EXIOBASE (Stadler et al., 2018, 2021) land use accounts with those in FABIO. Specifically, land use data for each region and sector in EXIOBASE were mapped to the corresponding regions and sectors in FABIO. This mapping ensures consistency across the models, so that both models report identical totals for each land use category. Detailed concordance tables and implementation code are provided in Supporting Information S7. 

FABEXIO 

As FABIO does not capture the production of fuels, fertilizers, and other inputs to food production, which are essential to agrifood systems but do not involve direct biomass flows. To address this, we employ a tiered hybrid Environmentally Extended Multi-Regional Input–Output (EE-MRIO) model that integrates FABIO (v1.2) (Bruckner & Kuschnig, 2020) and EXIOBASE (v3.8.2)(Stadler et al., 2018, 2021). The integrated framework, referred to as FABEXIO (Rasul et al., 2024), allows for comprehensive environmental accounting by capturing environmental pressures and impact from both within and beyond the agrifood system. Specifically, the model builds on the commodity structure native to the FABIO model and incorporates non-biomass intermediate inputs—such as energy and food processing sectors—from EXIOBASE, thereby linking agricultural production with broader economy-wide inputs. In this study, FABEXIO is used to capture the land-driven biodiversity impacts beyond the agrifood system and the climate-driven biodiversity impact both within and beyond the agrifood system .
Building upon the original FABEXIO framework, this study further modifies the model by introducing a new sector into the matrix, labeled as ‘novel burger’. The material flows associated with the novel burger sector are constructed as follows: agrifood-related inputs and electricity inputs are specified based on the ingredient composition, while all remaining input flows are adapted from the sector ‘Food products nec’ in EXIOBASE. This approach ensures that the new sector is integrated in a manner consistent with the underlying FABEXIO structure, while allowing for a targeted representation of novel food products within the agrifood-environmental accounting system. 
 Footprint calculation 
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 from each impact category [image: image5.png]


 for land use or climate change in region [image: image7.png]


 for novel patty type[image: image9.png]


 was calculated as:
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 is the final demand matrix, representing the consumption of patty type t in country r. L is the Leontief inverse, and is calculated as:
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Where A is the technical coefficient matrix (production recipe matrix) and I is the identity matrix. 
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, is a vector of characterized elementary flows for the specific impact category, [image: image17.png]


, and calculated as 
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 is the characterization factor (CFs) for the impact category [image: image22.png]


 from the GLAM framework (Verones et al., 2022), and [image: image24.png]


 the corresponding aggregated elementary flows derived from the MRIO elementary flows matrix [image: image26.png]


. The matrix is defined as:
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 is the environmental accounts and [image: image31.png]


 the total sector output, and the hat notation ([image: image33.png]


) denotes a diagonalization operator that transforms a vector into a diagonal matrix. The concordance tables used to match  [image: image35.png]
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 are provided in Supporting Information S2. For land-driven biodiversity, spatially explicit land use CFs are further aggregated in accordance with the regional resolution of the MRIO model. For climate-driven biodiversity, only global CFs per emission species are available in GLAM; thus, identical CF values are applied across all countries for each GHG emission. 
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