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Problem: How to identify appropriate rainfall-
runoff model structures for a given system? 

10/23/2013 2 

• Dominant 
processes in model 
should match those 
in the watershed as 
best as possible 

PRMS Sacramento 

TOPMODEL ARNO/VIC 

(Adapted from Clark et al. 2008 WRR) 



The time-dependent nature of sensitivity should be 
considered in the formulation of hydrologic models. 
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(McCuen 1973 JoH) “ ” 
…the diagnostic problem is to determine those 
components of the model, which when assumed to be 
functioning properly, will explain the discrepancy 
between the computed and observed system behavior.  
 (Gupta et al. 2008 HP, adapted from Reiter 1987) 

“ 
” 



Two important ideas: 
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• Sensitivity will vary across a hydroclimatic gradient 
(van Werkhoven et al. 2008 WRR) 

 

 

 

• Sensitivity will vary in time within a given basin 

(Reusser et al. 2011 WRR) 



Twelve watersheds chosen in the Eastern U.S. to 
capture a broad range of hydrologic variability  
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(Adapted from van Werkhoven et al. 2008 WRR) 



“Trading space for time” to 
create a hydroclimatic gradient 
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We analyzed three operational watershed 
models of increasing complexity 
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We analyzed three operational watershed 
models of increasing complexity 
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Sobol Sensitivity Analysis quantifies 
controls on model performance 
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• Most robust and accurate results in a comparison of 
global methods (Tang et al. 2007 HESS) 

• N = 10,000 samples for each model 

• Sensitivity of root-mean squared error (RMSE) metric 



RESULTS 
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Sensitivity indices change significantly in time 
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How do model controls change with 
hydrologic conditions? 
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Plot sensitivity indices as a function of: 

• Streamflow (Q) 

• Precipitation (P) 

• Potential evapotranspiration (PET). 



Sobol Sensitivity Analysis quantifies 
controls on model performance 
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• Most robust and accurate results in a comparison of 
global methods (Tang et al. 2007 HESS) 

• N = 10,000 samples for each model 

• Sensitivity of root-mean squared error (RMSE) metric 
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Low Q: Soil storage size 

High Q: Routing processes 

High Q: Lower zone storage 

Low Q: Surface runoff and 
evapotranspiration processes 

Low Q: Soil storage size 

High Q: Routing processes 
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High P: Routing processes 

Low P: Release from soil 
storage and percolation 
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Low PET: Snow processes 

Low PET: Snow processes 

Low PET: Snow processes … ? 

High PET: Surface runoff and 
evapotranspiration processes 

High PET: Soil storage size 



Hymod 

SAC-SMA 

HBV 
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Dominant 
parameters for 
monthly RMSE 

metric 

• Surface versus 
subsurface processes 

• Dominant processes 
valuable for selection 

• Main difference: SAC-
SMA lower zone 



Conclusions 

10/23/2013 21 

• Model selection should include time-varying process 
controls, especially in ungauged basins or under change 

• General trend from surface to routing as Q increases, 
but the intended system processes are not the same 

• Inferred dominant processes depend on the choice of 
model and hydroclimatic conditions 





ADDITIONAL FIGURES AND TABLES 
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Best decadal performance for each model out 
of all sampled parameter sets 
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Uniform parameter sampling distributions 
were derived from previous studies  
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(Wagener et al. 2004, Moore 2007, Seibert 1997, Harlin and Kung 1992, Anderson 2002) 
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