Effects of Input correlations in a complex chemistry model
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In a chemistry model, the output concentrations of chemical species are inter-correlated by various constraints: the structure of the chemical network, the conservations laws (mass, energy...). Additional correlations result from uncertain input parameters. For instance, the branching ratios describing the partition of products in multipathway reactions have to obbey a sum rule.

Taking into account correlations of input parameters is known to be essential to quantitative uncertainty propagation and sensitivity analysis. The sum rules for more than two parameters has been recently noted as an issue for complex chemical systems [1].

In this work, we present two aspects of uncertainties correlations in complex chemical systems:

1. the effect of a proper description of the correlations between branching ratios [2,3]. We propose the use of a Dirichlet distribution, and we show that neglecting the sum rule can lead to under- or over-estimation of the output uncertainties, depending on the predicted property (Fig. 1). Globally, the uncertainty budget is quite sensitive to this description.

2. the effect of the correlation between the concentrations of reactants issued from a previous chemistry model [4]. In our system, we observed no effect of this source of input correlation on output uncertainties, but only a correlation transfer from inputs to outputs.
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Figure 1: Time-resolved concentrations for two parallel unimolecular reactions XY1 (b1*k) and XY2 (b2*k), where k is the global rate constant and b1, b2 are the branching ratios. (a) exact representation of the branching ratios correlation by a Dirichlet distribution; (b) uncorrelated branching ratios. Whereas the neglect of the correlation leads to an overestimation of the uncertainty about [X], an underestimation is observed for the final products.
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