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Fellowship: Net Zero & MuSIASEM

▪ Fellowship in land use and societal 
metabolism

▪ Work in progress

▪ Ramp-up MuSIASEM while testing Scotland’s 
Green Recovery and Net Zero goals

▪ How will it happen? Walk matching talk?

▪ Net zero means offsetting: afforestation and carbon 
capture technologies, but not my critique at this point

▪ Scotland is in UK context



Fellowship: Net Zero & MuSIASEM

▪ MuSIASEM? Multi-Scale Integrated Analysis of 
Societal and Ecosystem Metabolism

▪ To tackle system complexity

▪ Assumptions

▪ It’s a biophysical world out there and we should analyse 
it that way (very suspect of economics)

▪ All technologies have costs: so how track them?

▪ Grammars/narrative



MuSIASEM – multi-scale, integrated

▪ Think: Russian dolls…

▪ Successive embeddedness (vertical & horizontal)

▪ Spatial/regional/national, sectoral, temporal 
(always ‘multi’) - 

▪ Holon: everything has parts and is a part of 
something else

▪ The black box… and ‘unblackboxing’



System Metabolism and Allocations
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CatabolismAnabolism

Energy Carriers
• Fats
• Proteins
• Carbohydrates
• Vitamins
• Minerals

Used by organs! 

Breakdown



System Metabolism and Allocations

CatabolismAnabolism

Energy Carriers
• Fats
• Proteins
• Carbohydrates
• Vitamins
• Minerals

Used and produced by 
organs for… 

• Daily activities
• Self-maintenance 
• Reproduction

Build-up Breakdown
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Energy Carriers and Usage 



UK 2019 MuSIASEM

▪ Land, Water, natural capitals, health measures?  Net zero? Env. Justice?

▪ Borders? Input/outputs. Embeddedness/Sudoku



UK 2019 MuSIASEM

▪ Absolutes and relative values

▪ Differential impacts of sectors and qualitatively different from each other



China vs EU – Energy Metabolic Rate vs 
Human Activity (Velasco-Fernández et al. 2020) 



Key Framing Criteria

▪ Viability

▪ Feasibility

▪ Desirability



Discussion

▪ What about Scotland? The same detail is not available.

▪ Can glean proportions from UK, but it’s different, ie, AG and 
grazing land are different

▪ AG – Different sectors, different metabolic character, different 
policy environment

▪ Metabolics is esoteric and hard: need hold multiple relations 
in head at same time. Multi-sector, multi-unit, non-equivalent 
items, and trade-offs

▪ Kahneman’s Systems 2 thinking – not easy, but more 
representative of socioecological systems



Discussion

▪ Systems in government are not set up for metabolic 
analysis; set up for economic analysis - generally everything 
reduced to economic units (£, $), this is not working

▪ This universal currency gives us sloppy grammars

▪ In the end, we can’t externalize - climate change is witness 
to this. 

▪ Problem shifting (sweep under rug); EU can’t feed itself, 
externalizing emissions, China tends to get blamed

▪ Metabolic analysis helps track all this… (well, tries!)



Thanks for listening…

▪ Please comment/critique (and got data?)

▪ Can we collaborate? 

▪ jean.boucher@hutton.ac.uk

▪ Or here:  

mailto:Jean.boucher@hutton.ac.uk
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