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How do dominant model processes change             
across a range of hydrologic conditions? 

Figure 1. (right) Locations of 12 MOPEX watersheds used in the 
Eastern United States. Streamflow data from the period 1961-1972. 

Dominant parameters can be compared across  
multiple models during dry/wet periods 
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Figure 5. Monthly parameter sensitivities for the Bluestone River, West Virginia, United 
States. The sensitivity indices change significantly over time. In particular, notice the 
cyclical pattern of sensitivities in the SAC-SMA model. Dominant processes here alternate 
between the surface during dry months and the lower zone during wet months. 

Dominant parameters also change across the 
hydroclimatic gradient of watersheds 

Global, variance-based Sobol sensitivity analysis 

Figure 4. Flowchart describing the 
global, variance-based Sobol method 

Total-order sensitivity indices 
(estimates all parameter interactions) 

Parameter sets 
(θ0 … θN) 

Parameter sets 
(θ0 … θN(P+1)) 

Resample 
holding each 

parameter fixed 

Model Runs 
Objective Values 

(R0 … RN(P+1)) 

Figure 2. (below) Diagrams of the three conceptual rainfall-runoff 
models used in the experiment. Parameters are roughly divided 
according to their intended function in the model. 

Figure 6. Monthly parameter sensitivities for the twelve watersheds shown in Figure 2. 
The indices are sorted three different ways: according to monthly streamflow (Q), 
precipitation (P), and potential evapotranspiration (PET) to understand how the models 
are controlled across a hydroclimatic gradient. This view exposes clear patterns in which 
parameters dominate model performance during high and low-flow months. 

Figure 7. Sensitivity of the monthly 
RMSE metric as monthly streamflow 
transitions from low to high. This 
allows a direct comparison of 
dominant parameters across the 
three models under the same 
conditions. During low-flow months, 
all three models are primarily 
controlled by their surface layers—
processes such as evaporation and 
direct runoff. However, the dominant 
model components during high-flow 
months vary, including a number of 
different subsurface processes.  
 
One clear difference is the 
dominance of deep-layer processes 
in the SAC-SMA model during high-
flow months, whereas Hymod and 
HBV generate streamflow primarily 
via the shallow layer under the same 
conditions. Differences like this 
highlight the effects of the 
fundamentally different process 
representations across these models. 

Figure 8. The results of one simulation comparing how the three models divide 
streamflow into surface and subsurface flow. SAC-SMA generates most outflow from 
the subsurface, while Hymod and HBV generate most outflow from the surface layer. 

The parameters controlling model performance  
change significantly through time 

The differences between model formulations are 
confirmed by analyzing flow path distributions 

Importantly, the processes controlling model performance are not the same across 
models. This result highlights the difficulty of making process-level inferences from 
conceptual models, which in most cases were created to reproduce output dynamics 
rather than internal processes. Comparing time-varying controls across models shows 
the relationship between model formulation and behavior across hydrologic conditions. 
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Time periods from multiple watersheds are sorted           
to create a gradient of hydrologic conditions 

A long-recognized need exists for new tools to understand the relationship between 
hydrologic model structures and dominant processes [1,2]. We develop such a method to 
compare dominant processes across three widely-used conceptual models. We expect 
processes to change in time—but how do different models represent these changes? 

Figure 3. Watershed-specific time periods over one decade, sorted by streamflow (Q), 
precipitation (P), and potential evapotranspiration (PET). This arrangement combines 
time-varying sensitivity [e.g., 3] with the concept of a hydroclimatic gradient [4]. 


