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In a context of increasing energy demand, hydropower is currently the leading 
renewable source. However, the benefits of hydropower production are 
counterbalanced by negative effects of human modifications, such as damming 
and water abstraction, which pose threats to the river hydrology, sedimentology 
and ecology. In particular, interventions on Alpine rivers in Europe led in many 
cases to the disruption of river-aquifer flow interactions, a lateral disconnection 
of floodplains, the disturbance of sediment fluxes and a drop in aquatic habitat 
quality and extent. The prediction of the impact of such changes on the ecology 
of rivers requires a combined effort of numerical modelling and field 
observations, which is to date missing. 
 
We intend to simulate the response of river and groundwater systems to 
different environmental flow strategies (e.g. constant releases, seasonal 
releases, etc.) and to quantify the effects of such response on riparian 
vegetation growth and spatial distribution in Alpine streams. To achieve this 
goal, we designed numerical models of river-aquifer flow interactions and of 
their impact on riparian vegetation growth in the Maggia River: a heavily 
regulated Alpine gravel-bed braided river. The modelling tasks are being 
supported by field measurements of hydrology (river stage, groundwater levels), 
plant-scale phenology (dendrometers) and reach-scale vegetation change 
(terrestrial camera monitoring) (Džubáková et al. 2015). Long-term changes in 
vegetation cover are gleaned from historical aerial photography (Figure 1). 
 

 
Figure 1. The Maggia floodplain and some numerical and experimental 
analyses thereof. Photos and illustrations by Gianluca Bergami. 
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The Maggia floodplain is a particularly suitable site for the calibration and 
validation of such a modelling system, since the flow of the Maggia River is 
regulated by hydropower dams and riparian vegetation is present on the gravel 
bars along the floodplain with rather natural dynamics, responding to flood and 
inter-flood periods as well as low flows (Perona et al. 2009). 
 
Among the expected results of this research, we foresee that: a) an improved 
surface water – groundwater coupled model will be obtained, able to accurately 
simulate river-aquifer exchange fluxes in a braided Alpine stream, also 
accounting for surface processes (evapotranspiration) and dynamics in the 
hyporheic zone, and capable of long-term simulations at the river corridor scale; 
b) the coupling of such model with a riparian vegetation model will be 
accomplished, allowing to estimate the water stress of riparian species in 
regulated streamflows and their response to environmental flow policies; c) a 
model-based quantitative assessment of how riparian species respond to 
different flow conditions, as well as to new minimum flow release strategies, will 
be achieved. 
 
The final aim of this research is to produce a valuable tool for the fine-tuning of 
environmental flow releases in the Maggia valley, improving the state of the 
riparian ecosystem while maintaining sufficient water withdrawals and electricity 
production at the same time. This research could serve as a methodological 
prototype for other Alpine streams where river restoration actions aiming to 
restore or maintain natural dynamics in riparian vegetation downstream of dams 
are planned. 
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