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UA is becoming a good modeling practice

Increase in computational power

Increased uncertainty associated with model 
results

SSA/UA becoming a standard/good modeling 
practice

Expansion of simulation models in detail and 
complexity
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Why is UA a numerical integration 

problem?

Model variable/parameter: x (e.g., yields, prices, 

elasticities, etc.)

Pdf describing the uncertainty around x: g(x)

Model function: f(x)
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Probabilistic

Monte Carlo (MC) (Metropolis and Ulam 1949)

Stratified sampling (e.g., Saltelli et al. 2008; Norton 2015)

Latin hypercube sampling (LHS) (Helton and Davis 2003)

Convergence evaluation

Efficient

Gaussian quadratures

• Degree 3 quadrature formulae by 

Stroud (1957)

Categorization of the methods according to 
Haber (1970)
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Stroud’s  (1957) theorem for 
degree 3 quadrature formulae
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Categorization of the methods according to 
Haber (1970)

𝐺𝑄 = 𝐴𝛤 + µ [1 … 1]

Σ = 𝐴𝐴𝑇 𝛤𝑘 = 𝛾𝑘,1, 𝛾𝑘,2, … , 𝛾𝑘,𝑛
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Probabilistic

Monte Carlo (MC) (Metropolis and Ulam 1949)

Stratified sampling (e.g.  Saltelli et al. 2008; Norton 2015)

Latin hypercube sampling (LHS) (Helton and Davis 2003)

Convergence evaluation

Efficient

Gaussian quadratures

• Degree 3 quadrature formulae by 

Stroud (1957)

• Arndt (1996) adapted Stroud‘s 

formulae for integrals with MSND as a 

weight function
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Introduced Stroud’s (1957) order 3 GQ in the GTAP model.Arndt (1996)

The impact of limited sampling interval of the GQ method.

Sampling breadth is important for highly nonlinear models.

Preckel et al. (2011a) 

Current state of art

Research question:

Finding: 

The impact of using different linear transformation methods.

Noncrucial for the quality of the results.

Preckel et al. (2011b) 

Research question:

Finding: 

Do rotations of Stroud's octahedron matter?

Yes, they do!

Artavia et al. (2015)

Research question:

Finding: 

Evaluating the quality of GQ results compared to MC results.

Large differences in the first three moments of the pdfs of the results.

Villoria and Preckel (2017)

Research question:

Finding: 
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Identification of good rotations

• Campolongo et al. (2007)

• Improving the EE method (Morris 1991) by maximizing the dispersion of the sampling 

points in the input space.

• Dispersion of a GQ family

𝑑𝑖𝑠𝑝 𝐺𝑄𝑘 = min
𝑗≠𝑖

𝑥𝑗 − 𝑥𝑖

max(𝑑𝑖𝑠𝑝 𝐺𝑄𝑘 ) 
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The IRGQ method in R2
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The IRGQ method in R3

(a) (b)
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ESIM

• Partial equilibrium (PE) (Grethe 2012)

• GLOBAL (16 regional groups, 3 crops)

• 42 stochastic variables

• Benchmarks by (Artavia et al. 2015)

Simulation models used

GLOBIOM

• Partial equilibrium (PE) (Havlík et al.2011; Havlík et al. 2014)

• Bottom-up

• Recursive-dynamic

• Global (31 regions, 18 crops)

Dynamic CGE

• Single-country

• Recursive-dynamic CGE model (Diao and Thurlow 2012)

• linked to the IMPACT modeling system (Robinson et al. 2015)

• 2012 SAM for the Sudan (Siddig et al. 2018)
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Experimental design

• 10 rotations with maximal dispersion for each model

• 10 rotations with minimal dispersion for each model

• Compare with benchmarks obtained by LHS

• Analyzing yield uncertainty
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Percentage deviations of the CVs of 
producer prices in the “ROW” from the 

benchmarks. ESIM
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Results obtained by the GQs with maximal dispersion Results obtained by the GQs with minimal dispersion

Barley Rapeseed Wheat MSE Barley Rapeseed Wheat MSE

MAX1 1.388 0.133 -0.799 0.861 MIN1 3.672 2.832 -1.627 8.050

MAX2 -3.340 0.405 -2.654 6.120 MIN2 -3.508 0.790 -4.305 10.490

MAX3 -4.052 0.855 -3.103 8.928 MIN3 -3.885 0.161 -6.760 20.272

MAX4 2.058 1.523 3.163 5.520 MIN4 -5.283 0.414 -1.956 10.637

MAX5 -3.573 0.806 -2.097 5.938 MIN5 -9.431 1.245 -8.638 55.034

MAX6 1.109 0.811 -0.262 0.652 MIN6 5.387 0.931 0.685 10.117

MAX7 -3.416 0.745 -0.310 4.107 MIN7 -5.034 1.592 2.686 11.695

MAX8 -3.773 0.069 -1.987 6.064 MIN8 13.512 0.582 -2.776 63.539

MAX9 -3.909 0.035 -2.937 7.970 MIN9 -4.608 -0.572 -3.337 10.899

MAX10 0.183 0.818 -2.245 1.914 MIN10 -5.607 -2.424 -8.037 33.972



ESIM. Results obtained by GQs with
max dispersion vs. min dispersion
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GLOBIOM. Results obtained by GQs with
max dispersion vs. min dispersion 
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Dynamic CGE. Results obtained by GQs 
with max dispersion vs. min dispersion 
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Discussion

Limitations of the IRGQ method

• Extreme tails of the distributions are not captured

• Disadvantage: if studying the impacts of extremes

• Implement IRGQ along with Preckel‘s et al. (2011a) broader sampling approach

• Advantage: many models are unable to handle large shocks

• Truncate the distribution of shocks vs. IRGQ

• Restricted to approximating symmetric distributions

• The central idea can be applied to other distributions
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Future research agenda

• Testing the proposed approaches to 

• Widening the sampling intervals

• Extending the methods to depict asymmetric distribution

• Exploring other factors influencing the quality of the GQ method

• Reducing the dimensionality of the problem

• Applying and testing the proposed methods in other simulation models 

addressing policy-relevant questions
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THANK YOU
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Dynamic CGE – closure rules

24

• Fixed investments as share of total absorption

• Flexible exchange rate, fixed foreign savings

• Flexible government savings and fixed tax rates

• Labour and Land - fully employed and mobile

• Capital - fully employed and activity-specific



GLOBIOM. Benchmark
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Source: Stepanyan et al. 2021



Dynamic CGE. Benchmark

26

Source: Stepanyan et al. 2021



The process of identifying good 
rotations
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