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Introduction
 Most widely used hydrological models employ major simplifications, especially with respect 

to the representation of subsurface processes
 Fully-integrated surface-subsurface flow models, which are physically based and spatially 

explicit (2D-3D), would appear to hold much greater potential – especially in mountainous 
terrain – but so far applications have been geographically limited

 In this context, we developed and automatically calibrated an integrated model of a 
geologically and topographically complex region in the Swiss Alps, before exploring the 
impact of structural simplifications on predictions  

 Subsequently, the model will be applied to generate more reliable climate change impact 
assessments that include the impacts of forest change
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Model development and calibration
 The model structure was informed by a 3D model of bedrock geology (Thornton et al., 

2018), and geomorphometric and geophysics-based estimates of unconsolidated aquifer 
volumes (Thornton et al., under revision)

 A high resolution, energy balance-based snow model that additionally accounts for 
gravitational redistribution contributes “snow melt + rainfall” and potential evapotranspiration 
forcing data (Thornton et al., 2021)

 The model was calibrated with respect to streamflow and groundwater level measurements 
using PEST

Simulating fully-integrated surface-subsurface hydrological dynamics in complex 
Alpine headwaters: the state-of-the-art and outstanding challenges

Conclusions and outstanding challenges
 Developing (with as few structural simplifications as possible) and 

automatically calibrating integrated models in extremely complex 
Alpine terrain is feasible

 Subsequent simplifications suggest that, in many instances, such 
complexity is warranted

 In capturing spatially explicit interactions between surface water, 
groundwater, and evapotranspiration, such models are likely to 
provide more reliable future projections

 There is also potential to better constrain such models using novel 
datasets such as aerially integrated soil moisture (e.g. via cosmic 
ray sensors) or gravimetric groundwater storage measurements.  

 Extremely high data requirements may hold back applications in 
other important and rapidly changing mountain regions globally

 Automatic calibration and thorough parameter uncertainty analysis 
remain computationally challenging with such models
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Figures

1: Study area
2: Finite element mesh

3: Distributed snow simulation
4: 3D geological model

5: Example result – simulated vs.   
observed streamflows and 

groundwater levels
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