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Carbon footprints

Global supply chains require global environmental accounting

• Consumption in one country generates emissions across many countries and industries

• EE-MRIO systems combine:

• Air Emissions Accounts (AEA)

• Input-Output Tables (IO)

• Highly detailed footprints require many analytical dimensions simultaneously



Operationalising High-Dimensional Footprint Systems
Reducing computational complexity while preserving analytical precision

The Challenge

• Highly detailed CO₂ footprint systems provide 
the most detailed CO₂ footprint representation in 
FIGARO

• Tracks emissions across industries, countries, 
supply chains and final demand categories

The problem

• Full implementation generates ~2 billion cells, 
massive memory requirements and very large 
processing times

Objective: Make highly detailed footprint 
statistics operationally feasible for official 
statistics production.

Highly detailed CO₂ 
footprint cube
~2 billion cells

Final demand country

countries

industries

emissions

supply chains



Why Detailed Footprints Matter
Capturing the full structure of embodied CO₂ emissions

Highly detailed CO₂ footprint  
simultaneously preserves:
• emitting industry
• emitting country
• destination industry
• destination country
• final demand country
• final demand category

China - Steel Germany - Cars
France - 

Households

CO₂ emitted

Final demand

Full supply-chain tracing
• Links production emissions to final consumption
• Preserves indirect emissions across global value 

chains
• Maintains consistency with FIGARO accounting 

identities

Granular analytical capability: detailed 
footprints simultaneously identifies who 
emitted, where emissions occurred, which 
industries were involved and which final 
demand drove them

Policy relevance: supports consumption-
based accounting, carbon leakage 
analysis, supply-chain monitoring and 
targeted climate policies



The Computational Problem
When analytical detail becomes computationally prohibitive

46 origin countries

x 64 origin industries

x 46 destination countries

x 64 destination industries

x 46 dinal demand countries

x 5 final demand categories

≈ 2 billion cells

Computational burden
• Memory intensive
• Slow processing
• Large storage requirements

Operational challenge
• Difficult to scale
• Difficult to reproduce
• Difficult to operationalize

Central question
• Can we drastically reduce size 

without losing analytical integrity?



The proposed solution
Truncation and GRAS-based redistribution

Full Model D
(~2 billion cells)

Truncation Threshold
(remove negligible flows)

Sparse Footprint Structure
(drastic size reduction)

GRAS Redistribution
(preserve totals)

Operational Model D
(scalable + consistent)



Key results (1)



Key results (2)



Choosing the Threshold
A flexible truncation framework

• This paper uses a simple uniform threshold

• A 1-ton threshold provides:

• major computational savings

• limited analytical loss

• Other truncation strategies could also be explored:

• country-specific

• sector-specific

• adaptive thresholds

The methodology is flexible and not restricted to a single truncation policy.



From Methodology to Official Statistics

The methodology transformed a 
computational challenge into an 
operational statistical product.

Current dissemination

• Aggregated CO₂ footprint indicators
• Less analytical dimensions

Contribution of this work

• Makes highly detailed footprint 
systems operationally feasible

• Enables additional analytical 
dimensions



Conclusion

• New methodology operationalises highly detailed CO₂ footprint analysis across global 
supply chains

• Its practical implementation was constrained by computational complexity

• The proposed truncation + GRAS methodology:
• drastically reduces dataset size

• preserves emissions consistency

• maintains strong analytical power

• Important insight: very small footprint flows are also more likely to represent statistical 
noise and uncertainty with limited analytical relevance

The methodology enables operationally scalable footprint indicators by balancing 
computational efficiency, accounting consistency and analytical relevance.



Quality in Official Statistics

• Official statistical quality includes: relevance, accuracy, timeliness, coherence, 
accessibility, comparability

• Core implication: focusing exclusively on maximum numerical accuracy may:

• delay production

• reduce scalability

• limit usability of indicators

• jeopardize timeliness and operational relevance

• Contribution of this work: the truncation approach enables scalable production of 
detailed footprint indicators, operational feasibility within official-statistics systems, 
publication of policy-relevant indicators with controlled accuracy loss

Chasing maximum precision alone may reduce timeliness, scalability 
and practical usability of official statistics.
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