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Spatially distributed watershed models create  
a challenge for model diagnostic methods 

Figure 1. The Blue River watershed, Oklahoma, USA, provides an example of such 
diagnostic challenges. Modeled with the HL-RDHM distributed watershed model developed 
by the US National Weather Service, there are a total of 1092 parameters to be analyzed. 

Unlike the upper zone parameters, the lower 
zone is mostly insensitive during large events 
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Time-varying, distributed sensitivity analysis 
provides more insight into model behavior 

Event-scale sensitivity analysis may be biased 
by selection of “representative” events 

By avoiding aggregation, the proposed 
approach identifies similarly-behaving events 
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Method of Morris provides a computationally 
efficient alternative to variance decomposition 

Distributed rainfall-runoff models allow model parameters and forcing data to vary on a 
spatial grid, aiming to better represent the spatial variability of watershed processes at the 
cost of increasing model complexity. This added complexity poses a significant challenge for 
model diagnostic methods, such as sensitivity analysis, which aim to identify the dominant 
processes controlling model performance [1,2]. 

Spatially distributed 
HL-RDHM model: 
Contains 78 grid cells 
with 14 parameters in 
each cell, for a total 
of 1092 parameters. 

We would like to perform sensitivity analysis on this model without aggregating its 
parameters in space—since this would defy the purpose of distributed modeling! Sobol’ 
variance decomposition is a widely used global sensitivity analysis method, but it is very 
computationally expensive for a highly parameterized model. We compare Sobol’ to the 
Method of Morris with a much smaller sample size, seeking computational savings. 

Figure 2. (above) Comparison of sensitivity indices 
from Sobol’ (top) and Morris (bottom). The Sobol’ 
analysis required over 6 million model evaluations, 
while the Method of Morris required only 20,000 [3]. 
The spatially distributed results are comparable, 
suggesting that the Method of Morris can be used. 

Figure 3. (right) Computational savings achieved by 
using Method of Morris rather than Sobol’ for this 
application. Runtime is reduced by a factor of 
approximately 300, from tens of thousands of hours 
down to only hundreds, making the analysis feasible. 

Figure 4. Temporal variability in diagnostic applications is often addressed by selecting 
“representative” streamflow events to perform sensitivity analysis. We assess the viability of 
this strategy for several events and comparing the results. Events with seemingly similar 
hydrograph signatures may produce different sensitivity patterns, suggesting the importance 
of exploring the temporal variability of sensitivity using a moving-window approach. 

Figure 5. Time-varying sensitivity is calculated using a 24-hour moving window with a 3-
hour timestep. The y-axis of each subplot arranges the 78 grid cells based on their distance 
from the watershed outlet, from the outlet (y=1) to the furthest headwater cell (y=78). 
The upper zone parameters are observed to dominate model performance during the largest 
streamflow events, often exhibiting flashy behavior [4]. 

Figure 6. Time-varying sensitivity of the lower zone parameters, using the same spatial 
dimension along the y-axis as shown in Figure 5. The lower zone maintains a consistent 
background level of sensitivity throughout the simulation, but not during large events [4]. 

Figure 7. A qualitative summary of spatially distributed sensitivity indices at increasing 
temporal resolutions. The high-resolution time-varying results were compiled a posteriori 
into the four event types shown in the bottom panel. This type of classification would not 
be possible with an a priori aggregation approach based on representative events. 
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