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Epistemic Uncertainties in Engineering;
Modeling and Efficient Analysis

mi

Michael Beer

Professor, Institute for Risk and Reliability, Leibniz University Hannover
beer@irz.uni-hannover.de

Abstract

Epistemic uncertainties appear across all engineering fields to quite some significant extent. Although they
can often be described phenomenologically and qualitatively, a rigorous quantitative description is a challenge.
Such quantification, however, is needed as a basis for a realistic analysis. This quantification should neither
introduce unwarranted information nor should it neglect information. Furthermore, an efficient analysis of our
engineered systems and structures is required, which is challenging engineers to cope with the increasing
complexity of our systems and structures and with the uncertainties involved. Epistemic uncertainties require
innovative numerical concepts to process the uncertainty according to its characteristics and numerically
efficiently. The presentation will feature models for epistemic uncertainties, and it will highlight their
capabilities and added value when used for engineering analysis. It is highlighted that imprecise probabilities
show useful conceptual features to facilitate a modelling at a reasonable level of detail and capturing the
remaining epistemic uncertainty in a set-valued manner. This approach allows for an optimal balance between
model detailedness and imprecision of results to still derive useful decisions. The presentation will further
provide selected solutions for efficient numerical analysis with imprecise probabilities, to attack high-
dimensional and nonlinear problems. Engineering examples are presented to demonstrate the capabilities of the
approaches and concepts.

Keywords: epistemic uncertainty, complex system, imprecise probability, high-dimensional and nonlinear problem
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Michael Beer is Professor and Head of the Institute for Risk and Reliability, Leibniz Universitat Hannover,
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and Tsinghua University, China. He obtained a doctoral degree from Technical University Dresden, Germany,
and worked for Rice University, National University of Singapore, and the University of Liverpool, UK. Dr.
Beer’s research is focused on uncertainty quantification in engineering with emphasis on imprecise probabilities.
Dr. Beer is Editor in Chief of the ASCE-ASME Journal of Risk and Uncertainty in Engineering Systems, Part A
Civil Engineering and Part B Mechanical Engineering. He is also Editor in Chief (joint) of the Encyclopedia of
Earthquake Engineering, and Associate Editor of Information Sciences. He has won several awards including the
Alfredo Ang Award on Risk Analysis and Management of Civil Infrastructure of ASCE. Dr. Beer is the
Chairman of the European Safety and Reliability Association (ESRA) and a Co-Chair of Risk and Resilience
Measurements Committee (RRMC), Infrastructure Resilience Division (IRD), ASCE. He is serving on the
Executive Board of the International Safety and Reliability Association (IASSAR). He is a Fellow of the
Alexander von Humboldt-Foundation and a Member of ASCE (EMI), ASME, IASSAR, CERRA, IACM, ESRA,
EASD, and GACM.
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