
Modelling intermittent stream dynamics for a small catchment with 

a fully distributed model  

Background 

Intermittent streams are streams that do not always have flowing water. Intermittent streams cover 
a large fraction of global river networks (Ågren et al., 2015; Caruso and Haynes, 2011; van Meerveld 
et al., 2019; Levick et. al, 2008). These streams are unique habitats characterised by high biodiversity 
(Meyer et al., 2007; Stanley et al., 1997; Stubbington et al., 2017). 

During dry periods both the streamflow and groundwater level decline. When the groundwater level 
falls below the elevation of the streambed, streams lose water and might dry up. However, the 
streams may not dry up completely and isolated pools can persist throughout dry periods. Those 
pools are important refugia for fish and aquatic invertebrates (Marshall et al., 2016). Sediment and 
nutrients can accumulate during the dry phase and can be rapidly flushed away at the flow onset. 
This can lead to high sediment and nutrient fluxes and, therefore, influences water quality (Fortesa 
et al., 2020). An important question is, thus, how often and how long the streams fall dry and if they 
fall dry completely. 

Even though intermittent streams are important for water availability and quality, they have not 
been monitored and studied well (Caruso and Haynes, 2011). In fact, these streams are often not 
even shown on maps. Conventual gauging stations are designed to measure different flows, not to 
detect zero flows (Zimmer et al., 2020). To describe the possible habitats of fish, aquatic 
invertebrates and aquatic plants, it is very important to not only be able to assess zero flow, but to 
further differentiate whether there is standing water in isolated pools or if the streambed is damp or 
dry. Therefore, a different measuring approach is needed. New sensors have been developed to 
record the presence of water and sometimes even whether the water is flowing (Bhamjee and 
Lindsay, 2011; Goulsbra et al., 2014; Gallart et al., 2016; Bhamjee et al., 2016; Assendelft and van 
Meerveld, 2019; Kaplan et al., 2019). Another approach is the integration of citizens to make 
observations of the streams' status (Turner and Richter, 2011; Datry et al., 2016; Gallart et al., 2016; 
Allen et al., 2019; Kampf et al., 2018). Citizen scientists can report if the river bed is dry or wet; in 
some studies, they have also differentiated between isolated pools of water and trickling flow or 
flowing conditions. These citizen science projects have the possibility of raising awareness of the 
importance of these rivers among the general public and collect highly spatially resolved data. 

The MSc project 

Intermittent streams are highly dynamic, and spatial variation in the stream state can be high. An 
open question is how many data points are needed to characterise temporary streams in a 
catchment, and what are the characteristics of measurement points that provide the most 
information for the calibration of a model? 

For this MSc thesis, the spatially distributed model Hill-vi will be applied to the 12ha upper Studibach 
catchment in the Alptal. The Hill-vi model was first presented by Weiler (2003) and Weiler and 
McDonnell (2004) for hillslopes. The model was further developed by Stoll and Weiler (2010) to 
simulate the river network of a small catchment. They used a publicly available river network to 
calibrate the model for the otherwise ungauged basin. In this study, sensor-based information 
(Assendelft and van Meerveld 2019) on the state of intermittent streams in the upper Studibach 
catchment will be used, together with available data on precipitation, streamflow and groundwater 
levels, for model calibration. Intermittent stream data are available for 30 locations for a three-
month period (Assendelft and van Meerveld, 2020). 



The calibrated model will then be used in virtual experiments to address questions such as: What 
combination of observation points provides the best model calibration and lowest model 
uncertainty? How many observation locations are needed for a sufficient model calibration? What is 
the required temporal resolution of the data (10 min, daily, weekly)? What are the characteristics of 
the measurement points with the highest information content for model calibration?  

Answering these questions with the calibrated model might provide guidelines for field hydrologists 
and citizen scientists to know at which spots observations on the state of temporary streams are 
most valuable for the calibration of a distributed model. 
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