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In many critical areas, large amounts of historical data are collected to monitor complex dynamic
systems, such as in nuclear industry, finance, manufacturing, etc. To ensure that these systems
function properly, a response variable (output) is observed along with environment variables (in-
puts) that may have an influence on its outcome. Explaining the latter with respect to the input
variables has then become a crucial need. Answering this question is non-trivial due to the func-
tional nature of the variables and the response [4], the temporal correlation of the inputs (for
example, the presence of a daily periodicity in the data), or memory effects (ie. the fact that the
impact of an event at a time ¢ is observed at a time ¢ + 7 for a non-negligible response time 7).

To this end, Sensitivity Analysis (SA) provides powerful tools to engineers and practitioners.
In particular, the framework of variance-based SA allows to link the output’s variance to the
individual (or combined) inputs variances and interpret them as contributions to the total variance.
Generalizations to functional and temporal outputs have been the subjects of many works (see, for
example, [4, 1]).

In this work, we propose a decomposition procedure for time series to enable a quantitative
variance-based SA that clarifies the role of memory effects. The methodology is a two-stage ap-
proach. First, a linear model taking into account only the instantaneous input variables and their
polynomial transforms is fitted to approach the output. Then, iteratively, for each input variable,
a distributed-lag model [5] is fitted to take into account its memory effects while ensuring, by
construction, the orthogonality to the already fitted models. This allows to decompose the total
variance of the output as the sum of the variances of the resulting components.

The proposed framework is illustrated on multiple toy examples, and, then, applied to a real-world
application case of wind power production [3, 2].
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