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Introduction

- The agri-food sector is a significant contributor to global greenhouse gas (GHG)

emissions, approx. 25% when post-farmgate processes are excluded (Crippa et al. 2021;

Hong, Burney, et al. 2021)

- To address future mitigation challenge, we need to understand evolution and drivers of

global agri-food emissions over the past decades

Our research objectives:

1. Quantify the GHG emissions footprints of global agri-food demand over 1990-2020

2. Investigate how population growth, dietary changes, technological improvements, and

sourcing patterns have shaped emission trends
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Introduction

Two challenges in literature:

- Consumption-based attribution and temporal decomposition of drivers

- Production-based: Crippa et al. 2021, Hong, Burney, et al. 2021, Ortiz-Bobea et al. 2026

- MRIO in varying prices: Hong, Zhao, et al. 2022

- Physical trade flow approach: Li et al. 2023

- Measurement of land use and land use change (LULUC) emissions associated with

agricultural production

- FAOSTAT Emissions from Forests: Crippa et al. 2021; Li et al. 2023

Our methodological contribution:

- Temporal decomposition with environmentally extended MRIO in physical units

- LULUC emissions from bookkeeping model
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Data: Multiregion Input-Output Model

Food and Agriculture Biomass Input-Output Model (FABIO) (Bruckner et al. 2019)

- based on FAOSTAT commodity balances, production, and trade data (1990–2020)

- ni = 122 products, nr = 192 countries

- physical units (tons, kcal, heads)

- 38 secondary processes (oil extraction, sugar production, animal slaughtering, ...)

x = Zi+ Yi′ = Ax+ Yi′ = (I− A)−1Yi = LYi′ (1)

x: vector of industry output (nri × 1)

Z: matrix of inter-industry transactions (nri × nri )

Y: matrix of final demand (nri × nr )

A: matrix of requirements (nri × nri )

L: Leontief inverse matrix (nri × nri )

i: nri × 1-vector of ones

i′: nr × 1-vector of ones
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Data: Multiregion Input-Output Model
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Data: Environmentally Extended Multiregion Input-Output Model

GHG emissions of the agri-food sector, 1990–2020

1. Pre-Farm gate

- Fertilizer production

2. Land Use and Land Use Change (LULUC)

- land cover change, shifting cultivation, drainage and burning of organic soils

3. Farm gate

- (burning) crop residues, rice cultivation, enteric fermentation, manure management and

application, energy use, synthethic fertilizers

Harmonization of multiple data sources:

- Emissions: FAOSTAT, GFED4s, and OSCAR bookkeeping model (Gasser et al. 2020)

- Allocation across products: FAOSTAT, GTAP, BACI, and Adalibieke et al. 2023
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Method: GHG emissions footprints and decomposition of drivers

GHG emissions footprint based on EE-MRIO model (nr regions, ni sectors):

F = ŵLY (2)

F: nri × nr -matrix of footprint by producing region, sector of origin, and consuming region

ŵ: nri -diagonal matrix of emission intensity

Structural decomposition of ∆Ft−1,t from 1990 to 2020 (Dietzenbacher et al. 1998)

- Diet: population ∆p̂t−1,t , per capita consumption ∆ŷper capitat−1,t , diet composition ∆Ysector
t−1,t

- Technology: emission intensity ∆ŵt−1,t , sectoral composition of intermediary

consumption ∆Asector
t−1,t

- Geography: origin country shares of final consumption ∆Ycountry
t−1,t and intermediary

consumption ∆Acountry
t−1,t
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GHG emissions footprints of global agri-food demand Footprint by region and process
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- Footprint of food demand from 8.6 Gt CO2e in 1990 to 9.5 Gt CO2e in 2020 (+10%)

- Over same period, global food calorie demand grows by 68%
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Decomposition footprint of global food consumption
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GHG emissions footprint of regional food consumption Regions
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Population and per capita demand growth drive up the footprint

- Population growth (+3.7 Gt CO2-eq) and higher per capita food demand

(+1.3 Gt CO2-eq) are the main upward drivers of the global footprint

- Dietary shifts have a minor upward effect on the global footprint (+0.1 Gt CO2-eq), but

with regional contrasts
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Population and per capita demand growth drive up the footprint

Latin America Sub−Saharan Africa South Asia South−East Asia Oceania

Northern America Europe Middle East Former USSR East Asia
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Technology exerts downward pressure in all regions, but drivers differ

- Technology lowers the footprint of global food consumption mainly through reductions in
emission intensity (-3.2 Gt CO2-eq).

- reductions in emission intensity of land-based processes (-3.8 Gt CO2-eq)

- partly offset by higher emission intensities from livestock processes (+0.5 Gt CO2-eq) and

fertilizer manufacturing (+0.1 Gt CO2-eq).

- The impact of the composition of intermediary inputs (−1.7 Gt CO2-eq) can be

attributed to changes in seed use, processes efficiency, livestock feed use, and livestock

productivity

- The contributions of the first two are small (−0.1 Gt CO2-eq)

- Two opposite effects: increased emissions due to growth in feed demand (+1.2 Gt CO2-eq)

and decreased emissions due to higher livestock productivity (−2.8 Gt CO2-eq)
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Technology exerts downward pressure in all regions, but drivers differ
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Global sourcing patterns increase the footprint of food consumption

- Agri-food trade has increased substantially over the past three decades

- Food consumption-related GHG emissions embedded in trade have risen from

1 Gt CO2-eq in 1990 (12% of total food demand footprint) to 2 Gt CO2-eq in 2020 (22%

of total food demand footprint)

- Whether this leads to an increase in the emissions footprint of food consumption depends

on the relative emission intensity of trade partners

- The geography effect on the global footprint is positive (+0.3 Gt CO2-eq), indicating that

the sourcing of food consumption has shifted towards more emission-intensive

regions
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Global sourcing patterns increase the footprint of food consumption
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Conclusion

- Global stability hides offsetting forces

- 1990–2020: global food-related GHG footprint remained relatively stable (+10%) despite a

68% rise in food calorie demand.

- Upward drivers: population growth (+3.7 Gt CO2e), higher per capita food demand

(+1.3 Gt CO2e), shifts in sourcing to more emission-intensive origins (+0.3 Gt CO2e), and

final demand structure (+0.1 Gt CO2e).

- Downward drivers: reduced emission intensity (−3.2 Gt CO2e) and improved composition

of intermediary inputs (−1.7 Gt CO2e) .

- Regional contrasts

- Increases in Africa & Asia; decreases in Europe, Former USSR, the Americas, Oceania

- Trends depend on the balance between demand growth and technological improvements

(geography minor role)

- Future challenges

- Intensification generates negative externalities (nitrogen, biodiversity, ...)

- Climate goals (decarbonization, negative emissions)
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Conclusion

Thank you!

charlotte.janssens@uhasselt.be

The Centre for Environmental Sciences (CMK) is happy to collaborate on climate research!

https:

//www.uhasselt.be/en/instituten-en/cmk-centre-for-environmental-sciences
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Regional footprints by emission process Back
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Decomposition of emission intensity Back
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Contribution of emission intensity by emission process Back
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Net emissions embedded in trade
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Footprint of food consumption in Western Europe
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