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While the importance of renewable energy sources is constantly rising and 
hydropower represents an increasingly fundamental means of energy 
production in Switzerland, the potential negative impact of hydropower 
production on downstream rivers remains an important issue. In many alpine 
basins, hydropower systems store water in headwater reservoirs and divert it to 
produce electricity, sometimes bypassing long reaches of downstream rivers. 
This potentially affects the hydrology, sedimentology and ecology of the 
impacted river reaches. The prediction of short- and long-term impacts of such 
changes on the river morphology, riparian vegetation, groundwater levels, and 
aquatic habitat requires the development of numerical tools which combine 
hydrodynamic simulations with riparian vegetation growth and aquatic habitat 
modules. Furthermore, these tools also have to be validated with ground 
measurements where possible. 
 
Our goal in this research is to develop an integrated river simulator with which 
the response of river and groundwater systems to different environmental flow 
strategies, i.e. mandatory releases downstream of hydropower systems (e.g. 
constant releases, seasonal releases, artificial floods, etc.), as well as the 
evolution of riparian vegetation and aquatic habitat in such scenarios can be 
predicted. We achieved the first target through the design and combination of 
appropriate numerical tools for flow analysis, including a coupled model of river-
aquifer interactions suitable for complex gravel-bed braided river floodplains 
(Ruf et al., 2008; Shaad, 2015). We illustrate here the river-aquifer coupling in 
the Maggia River, which is highly regulated by a hydropower system and 
intensively monitored by our group, as streamflow and groundwater levels, river 
bed morphology, riparian vegetation, etc. are kept under observation through 
sensors installed in the field. 
 
The coupled model consists of a two-dimensional shallow water flow simulator 
(2dMb) iteratively coupled to a groundwater model (MODFLOW) on a high 
resolution regular grid (~10 m). The saturated hydraulic conductivity of the 
alluvial fill and the conductance of the river bed are key parameters to 
satisfactorily reproduce observed groundwater fluctuations in response to floods 
in boreholes close to the river (Fig. 1). The fluctuations occur with a very short 
response time, which requires high resolution monitoring and an accurate 
numerical coupling scheme. Surface roughness parameters in 2dMb were 
calibrated with water depth measurements. The surface flow model simulates 
flow depth, velocity and bed shear stress, which are crucial variables for 
sediment transport and erosion potential. Finally, the coupled river-aquifer 
model allows us to estimate the rates and areas of infiltration and/or exfiltration 
along the river system, and thereby to quantify river-aquifer connectivity, which 
is of great importance for aquatic ecosystems. 
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The next step is to integrate the river-aquifer flow simulator with long-term 
riparian vegetation modelling in the floodplain. To this end, the flow variables 
and groundwater levels will be used as drivers of vegetation growth, i.e. water 
stress by flood inundation and drought at low groundwater levels. Groundwater 
has been shown to have the potential to drive long-term changes in riparian 
vegetation succession (Bätz et al., 2016). 
 
The modelling approach will allow us to examine and predict the effects of 
different environmental flow policies on riparian vegetation, and produce a 
model-based quantitative assessment of the response of surface water, 
groundwater and riparian vegetation to various flow releases. The ultimate goal 
is to develop a modelling framework with which we will be able to optimise flow 
releases in the least disruptive way with regards to the riparian system in the 
Maggia Valley, and possibly applicable in other alpine streams. 
 

 
 
Figure 1. Discharge and corresponding groundwater level heads measured in 
the field and simulated by the coupled model for a 4-month period in 2016. 
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