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ABSTRACT
The monitoring station presented in this paper is part of the operational gauging network of the Civil Protection Agency of Bolzano (Italy) 

and was conceived and designed thanks to the collaboration with the Free University of Bozen- Bolzano, the Swiss Federal Research Insti-

tute WSL and the private companies Mountain-eering, Penta and Cisma. In addition to classic hydrometric variables and suspended sediment 

monitoring, the new station enables the quantification of the bedload transported by the Sulden/Solda river located in South Tyrol, Italy. 

Bedload measurement is based on the use of seismic sensors (geophones) to record the vibrations generated by the impact of (coarser) 

sediment particles on steel plates. Seismic signal calibration is carried out through direct measurements of bed load. For this purpose, an in-

novative bridge-like structure (BLS) was designed with an electronically controlled mobile trap sampler. The combination of the supporting 

structure, the mobile boom and the electronic control system guarantee high accuracy in the positioning of the trap close to each geophone 

plate. Data analysis is financed by the Civil Protection Agency and carried out jointly by the Research Institute for Geo-Hydrological Protec-

tion (IRPI) of the National Research Council (CNR) of Padova and by the Free University of Bozen-Bolzano.

INTRODUCTION
The new station was mainly financed through two ERDF 2014-2020 projects of the Autonomous Province of Bolzano South-Tyrol and was 

completed in 2022 in replacement of the experimental station developed within the Acquased project and operated during the period from 

2014 to 2020.The data provided by the station constitute an important decision-making support for the fulfilment of the institutional tasks 

of the Civil Protection Agency in accordance with the current legislation on water use and risk management arising from natural hazards 

(water use plan, danger zone planning). In particular, sediment monitoring is linked to the Water Framework Directive (2000/60/EC) and 

the Floods Directive (2007/60/EC), allowing a better understanding of the following issues: i) quantitative estimation of the annual sediment 

load; - prediction of solid transport as a function of liquid flow and river morphology; ii) impact of climate change (specifically deglaciation) 

on sediment transport and water balance; iii)design of efficient flood risk mitigation measures; iv) interaction between sediment transport 

and groundwater; v) impact of sediment transport on fluvial morphology and aquatic ecosystems.

METHODS
Study Area

The study area is the Sulden/Solda river basin, located in the upper Vinschgau/Venosta Valley (eastern Italian Alps), which is part of the 

Adige river basin (Figure 1a). The Sulden basin drains about 130 km2 at the monitoring station located at Stilfserbrücke/Ponte Stelvio, Prov-

ince of Bozen/Bolzano. The basin can be subdivided into the actual Sulden and the Trafoi sub-catchments that extend over 75 and 51 km2, 

respectively (an area of about 5 km2 drains below the the Sulden-Trafoi confluence (Engel, Penna, et al., 2019; Buter et al., 2020).
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Figure 1 - (a) Location of the Sulden/Solda and Trafoi catchments in the Vinschgau/Venosta Valley, Province of Bozen-Bolzano, Italy; (b) simplified geomorphic map of Sulden basin at the 

outlet defined by the village of Stilfserbrücke/Ponte Stelvio, where the monitoring station is located. The red star indicates the Sulden glacier front.

The Sulden basin (Figure 1b) is characterized by a high topographic relief, ranging from around 1,100 m a.s.l. at the outlet of the basin to 

3.905 m a.s.l. at the Ortler/Ortles peak, the highest mountain in South Tyrol. In 2016, the glacier covered area was around 18 km2 (Galos, 

2022), representing 14% of the total basin area. The presence of glaciers (both debris-covered and clean ice), proglacial landforms, and 

extensive talus cover, combined with the high energy relief of the basin, results in complex and fast-evolving dynamics of sediment transfer 

(Buter et al., 2020). The Sulden River has a nivo-glacial regime with the lowest runoff in winter and the highest runoff in summer. The flow 

recurrence intervals at the Stilfserbrücke station were estimated based on the annual maximum discharge values measured from 2014 to 

2021. Adopting the Gumbel distribution, Q1.5 and the Q10 are about 40 and 73 m3/s, respectively. At the Stilfserbrücke station, the median 

and the 90th percentile of surface sediment grainsize distribution are 0.11 and 0.84 m, respectively, based on a grid-by-number sampling 

performed along the reach just upstream of the monitoring station, whose mean channel slope is 4.7%. The average slope of the entire 

Sulden channel from the glacier snout to the monitoring station is instead 8%. Snowmelt runoff dominates in May and June, whereas the 

glacier-melt period typically spans from July to late August–early September (Engel, Penna, et al., 2019). For the climatic period 1981–2010, 

mean annual air temperature (MAAT) at Madritch AWS was −2.4°C, whereas mean annual precipitation (MAP) averaged 980 mm (Savi, 

Comiti, & Strecker, 2021; 3PClim database).

Figure 2 - Upstream view of the station during bedload sampling
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Continuous Water and Bedload Monitoring

The monitoring station of Stilfserbrücke/Ponte Stelvio was designed to operationally monitor both water and sediment fluxes (Figure 2). Sus-

pended sediment transport is measured employing two turbidimeters. In this work, we focus on bedload transport only, which is indirectly 

monitored by a set of sixteen geophone plates, installed on the downstream end of a consolidation check dam (Figure 2a). The geophone 

plates cover 8 m corresponding to the (entire) river width and are fixed on a concrete structure with a steel cantilever. Water level is meas-

ured at 10-min intervals and water discharge is calculated using a flow-rating curve calibrated by means of direct discharge measurements, 

using the salt dilution method. Each geophone is mounted on the underside of a 0.358-m long, 0.494-m wide, and 0.01-m thick steel plate 

(Figure 3). During bedload transport, gravel particles slide, roll or saltate over the steel plates.  The geophone sensor contains a magnet in a 

coil that acts as an inductive element. The plate transmits to the geophone sensor the vibration generated by bedload transport, and thereby, 

an electrical current proportional to the velocity of vibration is produced by electromagnetic induction inside the geophone.

Figure 3 - Installation of the geophones

Direct Bedload Measurements

Direct bedload measurements were performed using a metal bedload trap, characterized by a frontal opening of 50 cm by 35 cm and sides 

pierced with 4 mm-diameter holes, anchored to a telescopic boom and moved by two electric brushless motors (Figure 4). The sampling 

duration was set by the operator, depending on the bedload transport intensity. During each measurement the trap was inserted into the 

stream flow right downstream of a plate. The collected material was sieved on site using sieves with different opening sizes.

Figure 4 - The telescopic boom during a sampling

Processing of geophone-plate data

Seismic data gathered at the geophone plates are sampled at 5 kHz and recorded continuously. A detection method based on an intensi-

ty-duration (I-D) threshold, together with a DEFLATE compression algorithm recording of the raw signal in PNG format, was adopted. A 

very low I-D threshold activates the recording of the signal, while below that threshold zero values are saved (i.e., no transport). The raw 

signal is then compressed in PNG files that contain about 14 min of signal each and occupy from few hundreds of KB to few MB. The saved 

data can be analyzed by counting the number of impulses above a given threshold (i.e., the “traditional” geophone-plate signal elaboration 

described by Rickenmann et al., 2014) and by applying any type of signal processing.
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We analyzed the seismic data by counting the number of times the amplitude of the signal (expressed in Volt) exceeds a preselected thresh-

old (Rickenmann et al., 2014), and by computing the signal power with the equation defined in Coviello et al. (2022):

Equation 1 - The power method

where T is the time window considered, and u(t) the signal amplitude in Volt. These two different methods are here called the “Amplitude 

method” and the “Power method”, respectively. Concerning the Amplitude method, we tested four different thresholds (0.01, 0.04, 0.16, and 

0.32 V). We extracted impulses and power at each second, and we summed up the values to get impulses and power recorded during the 

bedload sampling time. These signal parameters, together with the bedload samples, are then divided by the sampling duration to obtain 

the impulse rate (Impulses/min), the signal power (V2/min), and the bedload rate (kg/min).

PRELIMINARY RESULTS AND DISCUSSION
We carried out 43 bedload measurements spread over four field campaigns during summer and autumn 2023 using the "Bunte" type trap 

hooked up to the BLS automatic system, on different points of the section above 16 geophone plates. In Table 1 we show the main charac-

teristics of the field activities. The objective of the field campaigns was to carry out several bedload measurements at each geophone plate 

to cover most of the section and characterize the geophone plates homogeneously. The sampling duration varied from 2 to 5 minutes, de-

pending on bedload transport conditions: in case of very intense bedload transport rate, sampling durations were shorter to avoid overfilling 

the trap, which could have affected its efficiency. Each sample was extracted and weighted, and in most cases sieved to investigate the grain 

size distribution. We sieved the material on site by using five sieves with the opening size of 64, 45, 32, 22, and 11.2 mm. Since we verified 

through laboratory measurements that the presence of water can lead to an overestimation of 5 to 10% of the weight of particles smaller 

than 11.2 mm, this fraction of the bedload mass has been corrected by this factor, and that is why the values of the bedload mass in Table 

1 only refer to the sieved samples. The flow conditions of the Solda river during the field campaigns in summer were quite similar, yet the 

bedload measurements varied both in terms of total mass and peak bedload transport (Table 1), as already observed in this river setting 

(Coviello et al., 2022). This is consistent with the complex relationship between in-channel water discharge and bedload transport rates in 

glacier-fed mountain rivers (Mao et al., 2014; Comiti et al., 2019).

Table 1 - Direct bedload measurements carried out in 2023 (water level data still to be validated). The numbers in brackets refer to sieved samples.

Finally, we investigated the relationship between each signal parameter and the bedload transport rate, computed for different grain size 

fractions by taking advantage of the sieving measurements. In Figure 5 we show our best result obtained with the Amplitude method, and 

by using a threshold of 0.04 V and the bedload transport rate for particles larger than 22 mm. We can observe a clear correlation between 

the two variables. When a power law regression is applied, we obtain a coefficient of determination (R2) of 0.85, and a root mean square 

error (RMSE) of 3.3 kg/min indicating a reduced scatter of the data around the power-law regression curve. These preliminary results are 

consistent with previous findings showing that for particle diameter <1-2 cm the sensitivity of geophone plates is reduced (Rickenmann et 

al., 2012). 

Please find below the mathematical equation as equation and as graphic: 

 

끫뢆 = 1끫뢎% |끫룄(끫룂)|!끫뢢𝑑𝑑"!"" 	 (1) 
 

 

끫뢆 = 1끫뢎% |끫룄(끫룂)|2끫뢢끫룂끫룂2끫룂1 	 (1) 1 

  Number of 
measurements 

Sieved bedload mass 
(kg) 

Peak bedload trasport 
rate (kg/min) 

Peak water 
stage (cm) 

30/06/2023 12 (9) 196.7 23.5 131 
21/07/2023 11 (9) 262.6 13.4 134 
23/08/2023 10 (9) 295.6 40.8 134 
29/09/2023 10 (10) 204.7 10.3 101 
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The new monitoring station shows several improvements and some differences compared to the former one operating between 2014 and 

2020 (Coviello et al., 2022). First, in the previous station, only half of the section was equipped with geophone plates, the total bedload 

transport rate could be obtained by assuming a symmetrical distribution of bedload transport over the section. In contrast, the 16 geophone 

plates of the new station cover all the section and estimates of bedload transport can be made with higher reliability. The BLS automatic 

system also allows for more accurate positioning of the trap on the geophone plate, potentially reducing sources of error in the bedload 

estimates (Coviello et al., 2022). Coviello et al. (2022) found that the Power method provides better results than the Amplitude method for 

estimating bedload yield at an annual scale. Our preliminary results show that the Amplitude method with a threshold of 0.04 V provides 

the best coefficient of determination and the lower root mean square error. However, Coviello et al. (2022) considered the total bedload 

transport rate, therefore comparisons are not straightforward. Future developments could investigate which method is better to estimate the 

bedload yield at an annual scale.

Finally, the overall quality of these preliminary results shows the possibility obtaining a calibration equation to continuously estimate bed-

load transport rates of the Solda river. It is worth mentioning that not all the bedload measurements shown in Table 1 appear in Figure 5 only 

because not all the samples presented particles larger than 22 mm, that is, the entire available dataset was used without removing possible 

outliers. Moreover, no further post-processing was applied to the seismic data. Field and experimental evidence have shown that filtering 

strategies should be used to improve geophone plate calibrations. For instance, Antoniazza et al. (2020) showed that particle impacts can 

propagate over several geophone plates, and Nicollier et al. (2022) proposed a method to filter out this unwanted noise. Portogallo et al. 

(2022) showed that bedload fluxes measurements can be improved by focusing on specific signal frequency ranges. As it is rarely done, our 

monitoring station allows for the recording of the raw signals detected by the geophone plates, therefore algorithms can be implemented 

to apply these novel findings and further improve our calibration equations.

Figure 5 - Relationship between the impulse and bedload transport rate. Impulse rate is computed with a threshold of 0.04 V, while the bedload transport rate refers to particles bigger than 

22 mm. Different colors of the scatterplot refer to different sampling days in 2023.

CONCLUSIONS
The continuation of the data set started in 2014 and now consolidated thanks to the reconstruction of the experimental station lays the 

foundation for the in-depth analysis of issues related to territorial management and risk mitigation in the context of climate change. From 

a quantitative point of view, the current set-up compared to the experimental set-up saves time in both the organisational (also improving 

timing) and operational phases.  From a qualitative point of view, the bedload sampling system, thanks to the stiffness of the BLS-structure 

and the precision of the sampler-positioning, demonstrated to be highly reliable, bringing a significant improvement in the performance of 

the calibration process.

ACKNOWLEDGEMENTS
Special thanks to Julius Staffler, Florian Hofer and Werner Wallnöfer from the Civil Protection Agency for their support in managing the 

construction site.

473CONFERENCE PROCEEDINGS | INTERPRAEVENT 2024



REFERENCES
Coviello V., Vignoli G., Simoni S., Bertoldi W., Engel M., Buter A., Marchetti G., Andreoli A., Savi S., Comiti F., (2022). Bedload Fluxes in a Glacier-Fed River at Multiple 

Temporal Scales. Water Resources Research.

Antoniazza, G., Nicollier, T., Wyss, C. R., Boss, S., & Rickenmann, D. (2020). Bedload transport monitoring in alpine rivers: Variability in Swiss plate geophone response. 

Sensors, 20(15), 4089. 

Comiti, F., Mao, L., Penna, D., Dell’Agnese, A., Engel, M., Rathburn, S., & Cavalli, M. (2019). Glacier melt runoff controls bedload transport in Alpine catchments. Earth 

and Planetary Science Letters, 520, 77–86.

Galos, S. P., Klug C. & Dinale R. (2022). 20 years of glacier change: the homogenized glacier inventories for South Tyrol 1997-2005-2017. Geografia Fisica e Dinamica 

Quaternaria, 45(2022), 71-83.

Mao, L., Dell’Agnese, A., Huincache, C., Penna, D., Engel, M., Niedrist, G., & Comiti, F. (2014). Bedload hysteresis in a glacier-fed mountain river. Earth Surface Processes 

and Landforms, 39(7), 964–976.

Nicollier, T., Antoniazza, G., Rickenmann, D., Hartlieb, A., & Kirchner, J. W. (2022). Improving the calibration of the Swiss plate geophone bedload monitoring system by 

filtering out Seismic signals from extraneous particle impacts. Earth and Space Science, 9, e2021EA001962.

Portogallo, M., Simoni, S., Vignoli, G., & Bertoldi, W. (2022). Analysis of the vibration modes of impact geoplates and implications for bedload flux and grain size meas-

urements. Water Resources Research, 58, e2022WR032116.

474CONFERENCE PROCEEDINGS | INTERPRAEVENT 2024


