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Accelerated glacier retreat and climate change driven changes in snowmelt dynamics are altering

hydrological regimes in alpine regions. To better understand the intertwined links and co-

dependencies in complex headwater streams, in-situ measurements are crucial. However,

conventional multiparameter sensing systems are often expensive, logistically demanding (i.e.

complex deployment) and in many cases not robust enough to monitor small and wild alpine

headwater streams. As a result, many hydrologically important areas remain poorly instrumented.

Recent developments in low-cost, open-source sensor systems offer new opportunities to expand

the scale of monitoring networks, hence improving spatial coverage in scarcely instrumented

mountain regions. This contribution evaluates the potential of the low-cost “Smart Rock” sensor

platform, which was developed at the Oregon-State-University’s OPEnS Lab. The Smart Rock is an

affordable, robust, and easily deployable device designed to measure key hydrological

parameters, including pressure, water temperature, electrical conductivity, and turbidity. The full

measurement workflow, encompassing construction, deployment, calibration, and post-

processing, is intended to be operable by non-expert users.

Within the EU-INTERREG-WATERWISE project (co-funded by the European Union), several Smart

Rock sensors are deployed in the Bavarian Alps (River Partnach close to the mountain Zugspitze,

Germany) and assessed against reference measurements from high-end commercial instruments.

Along its 20km long course, four Smart Rock Sensors are deployed and complemented with

already existing but also with newly installed high-end devices. In addition, data of local

meteorological stations in close proximity to the spring and outlet are available.

The sensors were installed end of June in 2025 and already delivered promising results. The

pressure readings align with the various occurred precipitation events. By additionally accounting

for the equivalent air pressure at the specific Smart Rocks locations, reliable flow depths can be

derived. Water temperature readings of the Smart Rocks also match the collected temperature

data of high-end sensors showing only small deviations. After proper calibration, electrical

conductivity readings can be measured with deviations between 5-10% in a range of

60-500 µS/cm. The turbidity readings were found to be unreliable due to the sensor being

influenced by ambient light as well as algae growth over time.

Although the duration of data collection covers only a few months, the results show that low-cost



sensors can effectively complement conventional hydrological monitoring techniques, while being

highly cost-effective. As part of the WATERWISE project, more than 14 Alpine headwater

catchments in six countries are equipped with Smart Rock sensors at both the spring and outlet,

enabling the collection of hydrological data across diverse catchment characteristics.
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