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Context: 

Global sensitivity analysis (SA) and uncertainty quantification (UQ) for high-dimensional geophysical fluid flow 

models   

 

Objectives / scientific questions: 

The main purpose of the suggested research is to enable uncertainty quantification (UQ) for high-dimensional 

nonlinear CFD models. The main scientific question is how to benefit from being able to compute the adjoint 

sensitivities to reduce the computational cost of UQ. 

 

Main results: 

Performing Sensitivity Analysis and Uncertainty Quantification involving large-scale fluid flow models currently 

remains a serious challenge. Major difficulty is the computational cost of running such models that limits the 

direct use of the Monte Carlo methods. Another difficulty is the high-dimensional model input, which may not 

always be reduced to the importance set of a feasible size. At the same time, some of the models are involved in 

the process of variational data assimilation. This implies that the tangent linear and adjoint counterparts of such 

models are available, and, therefore, one can compute the gradient (first derivative) and the Hessian (second 

derivative) of any design function (QoI) defined over the state variables. These derivatives can be used both for SA 

and UQ.  
The use of the polynomial chaos (PC) expansion is considered as a promising way of reducing the computational 

complexity of SA and UQ. A relatively recent developments in this direction are the gradient-based global 

sensitivity measures and the gradient-enhanced methods for computing the PC expansion. The latter have been 

implemented in the framework of the regression approach. In this paper we propose a general 'derivative-

enhanced' spectral projection method for computing the PC expansion, and the improved derivative-based 

sensitivity measure, both suitable for high-dimensional and computationally expensive models. By 'derivative-

enhanced' we mean that both the gradient and the Hessian information can be utilized. This method allows a 

high-level parallelization, e.g. the PC coefficients of different order can be computed independently. Being 

computationally more efficient than the gradient-enhanced least square regression methods (explicit filtering 

instead of minimization), the proposed method shows a better performance in terms of accuracy.  As a model the 

1D generalized Burger's equation has been considered. 

The numerical results show that the second-order PC-expansion gives a noticeable improvement over the first-

order PC-expansion in approximating the pdf of the design function. In particular, it allows its asymmetry and the 

position of the mode to be revealed. Let us note that, with our method, computing the second-order PC 

expansion is feasible for the full input of almost any size. Given the second-order PC coefficients, one can compute 

the improved sensitivity measure, which can be used for ranking and defining the importance set.  We show how 

the Hessian information can be utilized; however, the conducted numerical tests have not provided a definite 

answer on its usefulness in practical terms.  
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Illustration 1 

 

 

 Illustration 2 

 

Numerical experiments on a 1D generalized Burgers equation. 

Illustration 1: 'main' effect and 'total' effect global sensitivities of the field value at t=T, x*=0.45, with respect to 

the initial condition by direct Monte Carlo and using the gradient. 

Illustration 2:  histograms of the field value at t=T, x*=0.52  by the projection method and by the regression 

method (standard least-square). 

Future of the project: 

global sensitivity analysis of the forecast scores from a Data Assimilation system with respect to data (a priory 

data and observations) and system parameters (e.g. background covariance parameters) 
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