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Abstract:

In about a decade, software and methodological development have made sensitivity studies viable which were impossible before or too demanding. In particular, in the field of variance-based estimators to carry out global sensitivity analysis (GSA) requiring a given sample design a few strategies such as the use of quasi-Monte Carlo sequences, groups of inputs, and the introduction of higher performing estimators enable to cut significantly the model runs needed to achieve a reasonable level of convergence. Nevertheless, the limit of a strict dependency of the analysis cost on the number of the investigated factors is not overcome and the respect of an input structure is still a major issue.

Very recently, the Authors have proposed a machine learning approach [4] that allows us to estimate Sobol’ indices – first-order and total order indices - using an outstanding dynamic adaptive variances estimator starting from a set of Monte Carlo given data.

This estimator with dynamic adaptive variances [2] outperforms standard benchmark with a significant reduction of the model evaluation cost, its implementation is straightforward due to the fact that same formula can be applied for both first-order and total order indices, and it makes it possible to compute sensitivity indices for groups of inputs. However, a very specific sample structure has to be implemented to use it. In fact, the formula with adaptive variances requires four matrices, that is the independent A and B, and the derivative matrices Abi and Bai respectively resulting from A but the i-th column taken from B, and similarly from matrix B with the i-th column from A. 

Therefore, a new machine learning approach has been proposed to create an adequate input to run variance-based sensitivity analysis using the Sobol’ estimator with dynamic adaptive variances starting from a given data set. Two ensemble methods, bagging [5] and boosting [1, 7], have been implemented. 

The framework implies three fundamental steps:

Training&Learning: the training set is used to train the learning algorithm. Output of this step is a machine committee.

A new structured sample is built to estimate sensitivity indices using the  Sobol’ estimator with dynamic adaptive variances.

The sensitivity indices are estimated.

Results reported in [4], which were conducted with a set of functions with independent inputs,[3] appear very promising and encouraging.
In this work, the described framework is applied to perform the sensitivity study of the atmospheric dispersion module of the Accident Damage Analysis Module (ADAM) for consequence assessment, developed by the European Commission to support the EU competent authorities for the implementation of the Seveso Directive in their countries or other legislation associated with chemical safety and security. The analysis was conducted referring to three different cases characterised by the same input and a different model response. 
The exercise positively confirmed the validity of the machine learning approach proposed by the Authors and the overcoming of the design-sample limitations while keeping all the advantages of the Sobol’ radial estimation.
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