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FAO Commodity
Balance Sheets (CBS)

Signal Probabilities

𝑝𝑘𝑚 = 𝑞𝑘
𝑚

Ω𝑘 λ𝑡
exp 𝛼𝑘𝑚 σ𝑡 𝑔𝑘𝑡 λ𝑡

Noise Probabilities

𝑤𝑡𝑣 =
𝑢𝑡𝑣

Ψ𝑡 λ𝑡
exp 𝛽𝑡𝑣λ𝑡

Normalization Factors: Partition Functions
Ω𝑘 λ𝑡 = σ𝑚𝑞𝑘𝑚 exp 𝛼𝑘𝑚 σ𝑡 𝑔𝑘𝑡 λ𝑡
Ψ𝑡 λ𝑡 = σ𝑣 𝑢𝑡𝑣 exp 𝛽𝑡𝑣λ𝑡

λ𝑡 = Langrangian Multipliers



Landuse Footprints of Agricultural Products

Connection between Crop Maps and Supply 
Chain Information
• Shortcomings of pure monetary and pure 

physical accounting approaches
Æ Hybrid MRIO linked with crop maps

Main Data Sources:
• Monetary layer: EXIOBASE3
• Physical layer: Physical Biomass MRIO for 130 

products covering 175 countries. (currently under 
construction by M. Bruckner)

• Bilateral trade data (BACI) Crop Maps

Hybrid MRIO
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FAO: Process chain description 

P.01e: Oil seeds

P.15e: Products of vegetable oils and fats
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Oil palm cultivation 
&  species richness
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Illustration of Method



Footprints 2.0 Project

Objective:
• Connect environmental earth 

observation data with MRIO to estimate 
Spatially explicit Biodiversity Footprints

• http://f20.indecol.no/
• People: Daniel Moran, Francesca 

Verones, Richard Wood, Keiichiro 
Kanemoto, Johannes Többen

D. Moran, K. Kanemoto. Identifying Species Threat Hotspots from 
Global Supply Chains Nature Ecology & Evolution, 1(1), 0023, 2017

Figure 1: Species threat hotspots of Europe's 
final demand 

http://f20.indecol.no/


Thank you!
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