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An abundance of data…

Graedel research group (1997 - )

17+ years of material cycles (2000 - )

7+ years of criticality assessments  (2010 - )
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Yale STAF Database

Unifying ~20 years of material cycle and criticality data generated 

by Tom Graedel’s research group (Yale) into a database, including:

National Science Foundation Grant #1636509, T.E. Graedel (PI), B.K. Reck (Co-PI), R.J. Myers (Co-PI), Preparing the 

Yale metal life cycles database for global distribution, Yale University, USD$233,785 (2016-2018)
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https://www.nsf.gov/awardsearch/showAward?AWD_ID=1636509


Material criticality

Material cycles



Unified data structure for material cycles

Müller et al., Proc. Natl. Acad. Sci. USA, 2006, 103(44), 16111-16116

Cullen et al., Environ. Sci. Technol., 2012, 46, 13048-13055

Typically inconsistently 

formatted

Individual datasets

Often incompletely 

documented

Rarely describe multiple 

data types (kg, $, …)

No standardized visual 

labeling system

Additional logic needed 

to translate visualization 

into computational data 

structure

Messy for complex data 

analysis



Unified Material Information System (UMIS)

Myers et al., J. Ind. Ecol., under review; 

1 invited presentation/1 presentation/1 panel at the ISIE-ISSST 2017 Conference (25-29 June)
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Spatial boundaries - trade

UMIS: key components

Material reservoir (virtual) - stocks

(Life) cycle stages – processes & flows

F&M = fabrication &                     
manufacturing

U = use
…

Metadata

Material hierarchy for 
each process/flow

Virtual reservoir (stocks)

Processes and flows (multi-regional)Metadata layer (metadata)



Data entry, ‘templates’, publications  CSV



Data table: flows



Yale STAF Database structure
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Summary

Developing a database to archive Yale’s material cycle 

and criticality data (63 elements, >100,000 data entries)

To do so, we have developed a general and 

comprehensive data structure for materials cycles data, 

the Unified Materials Information System (UMIS)

Published data are transformed into the UMIS structure 

using ‘templates’, which are then archived into the 

database (MySQL), and will eventually be freely available 

(USGS)
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