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2/14Nature of uncertainty 1

• Aleatory variability
• Due to the randomness of processes
• “irreducible” uncertainty

• Epistemic uncertainty
• Due to a lack of knowledge
• “Reducible” uncertainty

Life?

1Hoffman, Hammonds (1994): Propagation of Uncertainty in Risk Assessments: The Need to Distinguish Between Uncertainty Due to Lack of 
Knowledge and Uncertainty Due to Variability. Risk Analysis, 14: 707–712. 



3/14Data situation in Industrial Ecology

• Data from different sources with different quality 
generated in different ways
• Characteristics of input data should reflect these differences

• Kinds of data
• Sparse measurements
• Official statistical data

• Regional or company level
• National level

• Regionalized data (top down estimates)
• Literature data
• Expert estimates
• …



4/14Data Quality (1)

That´s what we want to know

Measurement precision

Data quality

Data quality ≠ Measurement uncertainty



5/14Data Quality (2)

Status Quo:
Data quality is often a „Black box“.

Data quality
is a measure of the reliability of data in the context
of the application purpose

• „good“ vs. „bad“ data
• only evaluable on a given context
• subjective (to a certain degree)



6/14

• Categorisation approach

Data classification

Hedbrant, Sörme (2001): Data Vagueness and Uncertainties in Urban Heavy-Metal Data Collection. 
Water, Air, & Soil Pollution: Focus 1(3): 43-53.



7/14Data quality indicators

• PEDIGREE matrix

Weidema, Wesnæs (1996): Data quality management for life cycle inventories—an example of using data quality indicators. Journal of Cleaner 
Production 4(3–4): 167-174.



8/14Data quality assessment framework

Semantic The meaning of data is not clearly defined.

Representativeness The sample size is not large enough to represent a complex population.

Provenance (Origin) Doubts about the producer of information and the applied method.

Context The given data deviates from the system context.

MFA data quality evaluation (often isolated values instead of datasets) 
needs to be systematic and transparent.

Result: 
Information defect for each flow 
of the MFA: 
ID � 0 good quality (zero defect)
ID � 1 poor quality (max defect)

Schwab, Laner, Rechberger (2016): Quantitative evaluation of data quality in regional Material Flow Analysis. Journal of Industrial Ecology.
Schwab, Zoboli, Rechberger (2017): A Data Characterization Framework for Material Flow Analysis. Journal of Industrial Ecology, 21(1): 16-25.



9/14Characterization of Uncertainties

Goal:
Transformation of data quality into uncertainties based on 
mathematical functions

Avoid :



10/14Mathematical description of uncertainty

Aleatoric
Variability

Epistemic
Uncertainty

Natural Variability Lack of Knowledge

Probability
Theory

(Distributions)

Sources

Nature

Concept

frequentistic
(objective)

bayesian
(subjective)

Possibility
Theory

(Intervals, Fuzzy Sets)

fuzzy (indeterminable, 
arbitrary, dubious 
information)



11/14Probability density functions

Expert EstimatesRepeated Measurements

What if we lack the information to construct a PDF?



12/14Membership functions

Fuzzy sets to define possible areas (poor information)
• Intervals (Min – Max)
• Membership functions can take on various forms

Laner, Rechberger, Astrup (2015): Applying Fuzzy and Probabilistic Uncertainty Concepts to the Material Flow Analysis of Palladium in 
Austria. Journal of Industrial Ecology, 19(6): 1055-1069.



13/14Thank you for your attention !

Source: Simon Harris, 2015



14/14Discussion

• What is a reasonable effort for data characterization and
quality evaluation? How can we facilitate it?

• Is uncertainty assessment in Industrial Ecology always
subjective?

• Should we consider using different mathematical concepts
(e.g. probabilistic vs. possibilistic) for uncertainty
caharcaterisation in the same model?


