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CEE518 Types of uncertainty

Uncertainty in engineering decision-making cannot be avoided. There are two types of
uncertainty encountered in practice. The first is the uncertainty associated with the data
collected. For example, in structural engineering, capacity and demand variables are
random in nature. Because they are not deterministic, the best one can characterize
them is through statistical measures such as the mean and variance. That is, any data
collected will display variability. This type of uncertainty is called aleatoric. Engineers
typically describe this type of uncertainty through the coefficient of variation, or the
standard deviation divided by the mean. In addition, the sample size affects the
outcome of the data collection process.

The second type of uncertainty encountered is due to the imperfect knowledge of the
physical phenomenon being examined. It is called epistemic uncertainty. The best way
to reduce this type of uncertainty is to possess a better understanding of the
phenomenon through enhanced prediction models. Epistemic uncertainty is uncertainty
of the probability or risk calculated through imperfect models of the real world.

In summary, aleatoric uncertainty is data-based whereas epistemic uncertainty is
knowledge-based. Both are important in the assessment of probability and risk in
engineering.
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