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Abstract

In a recent article published in the Journal of Economic Systems Research,

Mary et al. (2018) introduced an interesting approach to systematic

sensitivity analysis applied in a CGE modelling framework. This approach

offers a systematic method of identifying the model parameters that have

the greatest impact on the uncertainty of model output. Moreover,

according to the authors, it increases the quality of the approximated

results by decreasing the dimensionality of the problem. The article

contributes to a recent set of studies discussing the accuracy and

appropriateness of different uncertainty analysis methods in economic

simulation models. While the focus of the article on a more efficient way

of sensitivity analysis is appreciated, we see a problem in using an

arbitrary rotation of Stroud’s octahedron as a benchmark for assessing

Monte Carlo simulations.
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1. Introduction 

Mary et al. (2018) evaluate the quality of simulation model results approximated using Monte 

Carlo (MC) and Monte Carlo Filtering (MCF) against model results obtained via Stroud’s 
(1957) order 3 Gaussian quadratures (GQ). Stroud’s theorem of degree 3 quadrature formulae 

states the following: 

 

A necessary and sufficient condition that 2n points ν1, …, νn, -ν1, …, -νn form an equally 

weighted numerical integration formula of degree 3 for a symmetrical region is that these 

points form the vertices of a Qn whose centroid coincides with the centroid of the region 

and lie on an n-sphere of radius r =√��2 ∕ �0 (Stroud 1957, p. 259). 

 

Where, Qn is the regular n-dimensional generalized octahedron that is being integrated into the 

n-sphere; I0 is the volume of the symmetrical region; I2 is the integral of the square of any of 

the variables of the region over the entire region. Stroud was, however, faced with the problem 

that whenever the dimensionality is greater than 3, the vertices of the octahedron were falling 

outside the n-sphere producing unusable formulae. In order to counteract this problem, Stroud 

(1957) proposed his degree 3 integration formulae to rotate the octahedron and bring the 

vertices back into the n-sphere.  

Later, Artavia et al. (2015) found that, depending on the rotation of Stroud’s octahedron, the 

quality of the approximation of the true distribution of model results may differ strongly. This 

was confirmed and analysed in more detail by Stepanyan (2018). Villoria and Preckel (2017), 

moreover, found inaccuracies in the approximation of distributions of model results using GQs 

when comparing them with the results obtained by the MC method in the Global Trade 

Analysis Project (GTAP) model. In conclusion, assessing the results based on MCF with results 

based on GQs generated by an arbitrary rotation of Stroud’s octahedron as a benchmark (Mary 

et al., 2018, p. 16) may lead to wrong results. 

 

2. Demonstration 

We demonstrate the aforementioned statement using an economy-wide recursive-dynamic 

CGE model (Diao and Thurlow 2012).1 The model is calibrated to the most recent social 

accounting matrix for the Sudan (Siddig et al. 2016), with multiple sectors, 26 of which are 

crop-producing. As model closures, reflecting a specific economic environment, we assume 

flexible government savings and fixed direct tax rates within the government balance. For the 

external balance, we assume a flexible exchange rate and fixed foreign savings. For the saving-

investment identity, we assume a fixed share of investment in total absorption, while household 

saving rates can adjust uniformly in order to generate the necessary funds for investment. The 

model runs over the period from 2018 to 2025. Since extreme weather shocks in the Sudan 

occur in a cyclical manner (MEPD 2013), on average every five years, we apply the stochastic 

yield shocks in every fifth year, namely, in 2018 and 2023 (for more details, see Stepanyan et 

al. 2019).  

The effects of yield uncertainty of seven model crops have been analyzed. In order to replicate 

the finding by Artavia at al. (2015), we have generated 20 different families of GQ points by 

                                                 

1 The selected model is comparable with the one used by Mary et al. (2018). 



 

 

applying 20 random rotations of Stroud’s octahedron. The rotations are operationalized by 

permuting the coordinates prior to applying the Stroud matrix. 

Figure 1 presents the coefficients of variation of average growth rates of production quantities 

and prices of traditional rain-fed millet over the model solution period.2 These results clearly 

demonstrate that, depending on the selected rotation of GQs, the approximated results differ 

strongly. Therefore, using the results produced by any arbitrary rotation of GQs as a benchmark 

in order to evaluate the quality of approximations by other methods may lead to incorrect 

conclusions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Coefficients of variation of the average growth rates of production and prices of 

traditional rain-fed millet in the Sudan for the period of 2018 to 2025. P1-P20 are the results 

approximated by 20 GQ families generated by 20 random rotations. 

 

 

 

 

 

 

 

 

 

 

 

                                                 

2 The results of the rain-fed millet sector are presented for demonstrational purposes. The results of 

other stochastically modelled sectors are similar. We will be glad to share them upon request. 
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3. Conclusion 

Using the results approximated by GQs generated from an arbitrary rotation of Stroud’s 
octahedron as a benchmark to evaluate the quality of approximations obtained by MC or MCF 

can be misleading. To demonstrate this, we apply an economy-wide recursive-dynamic CGE 

model with seven stochastic crop-producing sectors. We solve the model using 20 families of 

randomly generated GQ points and analyse the coefficients of variation of production 

quantities and prices of these seven sectors. The results strongly differ among families of GQs. 

Therefore, we claim that the benchmark selected by Mary et al. (2018) to demonstrate the 

quality of their proposed method for systematic sensitivity analysis is not convincing. Instead, 

as a benchmark one may use a large enough MC sample that leads to convergence in model 

results or use points from several GQ families generated by random rotations of Stroud’s 
octahedron, as demonstrated by Stepanyan et al. (2019).  
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