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Sobol application: Conventional approach 
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Single-criterion versus Multi-criteria Ranking 
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(b) Single Objective Rank { E}
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A Multi-Algorithm Genetically Adaptive Multiobjective method - AMALGAM 
(Vrugt and Robinson, 2007)  



Improvement RMSE for simulated fluxes at diurnal-scale 

CO2 Sink 

CO2 Source 

We select a ‘compromise’ solution, for 
which average normalized RMSE of 
errors in matching all three fluxes is 
minimum 

This solution provides a balanced 
(equally weighted) reproduction of all 
three fluxes. 

default 
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Mean-Squared-Error (MSE) Decomposition (Gupta et al. 2009) 
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Mean-Squared-Error (MSE) Decomposition (Gupta et al. 2009) 
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Rearranging terms so individual signals are directly related to cross-
correlation coefficient (r): 



MSE Decomposition: Reduced error in signal mean and signal variability 
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MSE Decomposition: Reduced error in signal mean and signal variability 
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Summary 

1. New parameter sensitivity analysis approach: Variance-based multi-criteria 
extension of the Sobol method - accounts for full multi-output nature of LSMs. 

2. Method is model-independent: Can be applied with other sensitivity analysis 
procedures (when a sensitivity index is computed for two or more functions). 

3. Substantial improvement in Energy, Water and CO2 flux simulations after 
calibration (10-30% reduction of RMSE). 

4. Magnitude of uncertainties varies seasonally. 

5. Model performance is improved:  

•  Uncertainties in signal mean and variability components are reduced 

•  Timing/shape is little affected (system dynamics).  

6. MSE decomposition approach is general. Can also be used to compare 
performance of different models (or model versions) against a reference (e.g., 
in situ observations). 



These ideas will be used to analyze CLM4 and DA methods with 
COSMOS-derived soil moisture (600m diameter footprint, 15 to 80 cm 
depth) across sites in the USA 

http://cosmos.hwr.arizona.edu/ 

rosolem@email.arizona.edu 


