
_________ 
* Corresponding author e-mail address: carlo.gregoretti@unipd.it

7th International Conference on Debris-Flow Hazards Mitigation 

Simulation of the debris flow occurred the 15 August 2010 on Rio 

Val Molinara Creek (northeast Italian Alps) 

Mauro Boreggioa, Martino Bernarda, Ruggero Albertib, Carlo Gregorettia* 

aDepartment Land Environment Agricolture and Forestry, University of Padova, Viale dell’Università 16, Legnaro 35134, Italy 
bDepartment Forests and Wildlife, Autonomous Province of Trento, via G. B. Trener 3, Trento 38121, Italy 

Abstract 

On the early morning of 15 August 2010, a runoff-generated debris flow routed along the Rio Val Molinara Creek and inundated 

the village of Baselga di Piné (Autonomous Province of Trento, northeast Italy) with about 50000 m3 of debris. Post-event field 

surveys allowed both the identification of the initiation area, and the estimate of the average erosion-deposition depths on different 

zones of the affected area. On one hand, the map of erosion-deposition depths along the Rio Val Molinara Creek was obtained by 

subtracting the corresponding pre- and post-event DEMs elevation values, interpolated by using the LiDAR data of two aerial 

surveys carried out in 2007 and 2011, respectively. On the other hand, the map of debris deposits on the inhabited fan was obtained 

by integrating the direct post-event field estimates and photo interpretation. In the research, the studied debris-flow event was 

simulated from the triggering to the inundation through a models cascade, which relies on the sequential application of rainfall-

runoff, triggering, and routing models.  After that, the routing model results were compared with the observed erosion-deposition 

pattern in order to assess the reliability of the proposed approach. In detail, the runoff was simulated in the initiation area and then 

used for building the solid-liquid hydrograph. After that, the solid-liquid hydrograph was routed downstream by means of a bi-

phase GIS-based cell model, previously parametrized by using approximately the same values employed for the back-analysis of 

two debris-flow events occurred in the Dolomites (northeast Italian Alps). The comparison between the observed and simulated 

erosion-deposition depths and volumes is quasi-satisfactory. This is an important research outcome since the reliability of both 

debris-flow hazard assessments and risk analyses based on routing models relies on the trustworthiness of model simulations. In 

addition, due to the scarcity of pre- and post-event topographic surveys, the map of erosion-deposition depths might become a 

precious data source for testing the predictive capability of debris-flow routing models proposed in the literature by other authors. 
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1. Introduction

On the early morning of 15 August 2010, a very high intensity rainstorm hit the Dosso di Costalta Ridge (northeast 

Italian Alps), with a cumulative rainfall depth of about 130 mm in four hours and a half (return period larger than 100 

years). At an altitude of about 1300 m a.s.l., the generated runoff triggered a debris flow that routed the Rio Val 

Molinara Creek before inundating the village of Baselga di Piné with about 50000 m3 of debris (Fig. 1). 

Runoff-generated debris flows are a common natural hazard both in the Alps (e.g., Berti and Simoni, 2005; Theule 

et al., 2012; Navratil et al., 2013; Degetto et al., 2015; Tiranti and Deangeli, 2015) and in other mountainous regions 

worldwide (e.g., Coe et al, 2008; Hurlimann, 2014; Imazumi, 2006; Kean et al., 2011; Okano et al.; 2012; Ma et al., 

2018). These phenomena, due to their magnitude and unpredictability, have a high socio-economic impact (Fuchs et 

al., 2007; Thiene et al., 2017), that is growing with the increase of both human activities and their occurrence rate 

(Stoffel and Beninston, 2006; Bollschwailer and Stoffel, 2010). Therefore, the protection of inhabited areas and 

infrastructures from debris flows is becoming a crucial task for a safe and sustainable development of mountain 

regions. 
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Useful tools for assessing both the hazard and the effectiveness of defense plans are the numerical models for 

simulating a debris flow at the event-scale (i.e., from the runoff to the routing). At this purpose, Gregoretti et al. (2019) 

proposed the integrated modeling of all involved physical processes (i.e., rainfall-runoff, triggering, and routing) by a 

models cascade, for an effective reproduction of a debris-flow event. In detail, for rainfall-runoff and triggering 

simulations they used models able to simulate the runoff at the initiation area and to provide the corresponding solid-

liquid hydrograph. After that, for simulating the routing of the solid-liquid mixture, they employed a bi-phase GIS-

based cell model capable to simulate both the erosion and deposition processes. It is worth pointing out that only 

routing models which are able to simulate both erosion and deposition should be used for such a type of analysis (e.g., 

Brufau et al., 2000; Chen et al., 2006; Medina et al., 2008; Armanini et al., 2009; Hussin et al., 2012; Frank et al., 

2015; Cuomo et al., 2016). As a matter of fact, the sediment entrainment along the channel can be regarded as the 

main contributor to the overall transported sediment volume, thus influencing both the extension and the height of 

debris deposits on the fan (Iverson et al., 1998; Rickenmann, 1999; Santi et al., 2008; Reid et al., 2016). 

The object of this paper is the application of the integrated approach for debris-flow hazard assessment proposed 

by Gregoretti et al. (2019) in the different geologic and morphologic context of the Rio Val Molinara basin, by 

considering the debris-flow event there occurred on 15 August 2010. In detail, the entire debris-flow process is 

reproduced through a models cascade (i.e., the sequential application of rainfall-runoff, triggering, and routing 

models), and then the routing modeling outcomes are compared with the observed erosion-deposition pattern.  

Fig.1. Aerial view of the study area. 

2. Material and methods

2.1. The study site 

The Rio Val Molinara basin is located on the west-northwest side of the forested slope descending from the Dosso 

di Costalta Ridge (altitude of about 1950 m a.s.l., Fig. 1). In the upper part of the basin, four steep headwater channels 

(average slope of about 30°) incise the underlayer (Gargazzone Formation) just below the ridge line, before joining at 

an altitude of about 1300 m a.s.l.. From this point to the fan apex, the bed slope angle of the Rio Val Molinara Creek 

(1.2 km length) progressively diminishes from an average of about 15° to 10°. The main channel is characterized by 

a narrow v-shaped valley, with banks bordered by very steep and wooded slopes that have the major control over the 

debris recharge of the channel bed. Further downstream, the fan where the village of Baselga di Piné was built, has an 
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area of 0.12 km2, with a mean slope of about 10° that represents a typical value for debris flows-generated alluvial 

fans. 

Noteworthy, until the August 2010, the Rio Val Molinara basin did not experienced meaningful alluvial events in 

the 150-200 years before. Therefore, according to Bovis and Jakob (1999), it can be regarded as a supply-limited 

basin. Only after the 2010 debris-flow event an artificial debris retention basin (about 15000-20000 m3 in volume) 

equipped with a filtered check dam was built at the fan apex. 

2.2. Post-event field surveys and debris-flow event 

Post-event field surveys carried out on 17-18 August 2010 allowed the identification of the zone where the solid-

liquid surge formed. In detail, it is the area just downstream the confluence of the four steep headwater channels (Fig. 

1), where the Rio Val Molinara Creek experienced meaningful erosion processes (depths up to 5-6 m). Furthermore, 

during the field surveys point estimates of the average erosion-deposition depths were also carried out both in the 

inundated fan and along the Rio Val Molinara Creek. 

The analysis of the 5-minutes rainfall data collected by the rain gauge of the Sant’Orsola station (3.5 km away in 

the southeast direction) highlights that the rainstorm that triggered the debris-flow event (cumulative rainfall depth of 

127.7 mm in four hours and a half) was composed of two bursts of 46.6 mm and 32.2 mm in 70 and 45 minutes, 

respectively (Fig. 2). The corresponding 5-minutes rainfall peak intensities were equal to 4.6 mm (0.92 mm in one 

minute) and 6.4 mm (1.28 mm in one minute), respectively.  

Once triggered, the routing solid-liquid surge entrained a significant amount of sediment before reaching the fan 

apex, by exposing the bedrock in a number of channel reaches. Along with the channel bed scouring, another relevant 

sediment source for the 2010 debris-flow event was represented by the channel banks failure and undercutting (Fig. 

3). 

After reached the fan apex, the flow spilled out of the channel and flooded the entire village of Baselga di Piné 

(Fig. 1 and Fig. 3). The volume of deposited sediments was approximately 50000 m3, with depths up to 2-3 m in the 

central-upper part of the fan. Overall, the event caused significant damage to infrastructures and houses, but without 

human being lost. 

Fig.2. Recorded 5-minutes rainfall data (DF: debris-flow occurence). 

2.3. Topographic data and erosion-deposition maps 

The available topographic data include the pre- and post-event 1-meter resolution DEMs, interpolated by using the 

LiDAR data of two aerial surveys carried out in 2007 and 2011, respectively. Furthermore, real-time kinematic GNSS 

measurements were acquired along the Rio Val Molinara Creek in 2016 by using a TOPCON GRS-1 dual frequency 

ground receiver, in order to map the rocky outcrops exposed by the 2010 debris-flow event. It should be noted that 

due to the vertically extensive and narrow valley walls, the altimetric error of the GNSS measurements was noticeable. 

DF 
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For this reason, this topographic dataset cannot be used to assess the vertical accuracy of the pre- and post-event 

LiDAR-derived DEMs. Therefore, after a preliminary planimetric alignment check, we evaluated the “relative” 

accuracy of the two gridded surfaces by comparing the elevations of areas not affected by the occurred debris flow, 

and that do not experienced meaningful geomorphologic changes in the considered period (e.g., stable roads and paths, 

walls, and dams). The median of “vertical errors” resulted -0.05 m, and it was eliminated by means of a 2.5D 

calibration procedure (i.e., a rigid translation in the Z dimension of the post-event LiDAR-derived DEM). 

After the vertical alignment of DEMs, the map of erosion-deposition depths along the Rio Val Molinara Creek was 

obtained by first subtracting the corresponding pre- and post-event elevation values, and then thresholding the derived 

DEM of Difference map by using a minimum level of detection (e.g., Lane et al., 2003; Wheaton et al., 2010; Milan 

et al., 2011) equal to ± 0.35 m*. As a matter of fact, in attempting DEMs subtraction exercises it is essential to take 

into proper account the inherent uncertainties of the differenced gridded surfaces in order to distinguish any detectable 

signal (e.g., significant geomorphological changes) from the noise. On the other hand, the map of the deposition 

pattern on the fan was produced by integrating the direct post-event field estimates and photo interpretation of post-

event terrestrial and aerial images. In fact, all debris deposits in the inhabited fan were immediately removed by the 

Torrent and Erosion Control Service of the Autonomous province of Trento, thus not allowing a direct spatially 

distributed estimate of the deposition depths through DEMs differencing. For this reason, in the research we carefully 

recognized six homogenous areas where the estimated deposition depth ranges in a defined interval, and we associated 

with them their algebraic mean. The Figure 3 depicts the observed erosion-deposition pattern for the two areas. 

Fig.3. Map of the observed erosion-deposition depths along the Rio Val Molinara Creek and on the inhabited fan. 

The estimated total volume of eroded sediment downstream the initiation area is equal to 28120 ± 4218 m3, with a 

corresponding mean (standard deviation) and maximum scour depth equal to 0.29 (±0.85) and 6.01 m, respectively. 

On the other hand, the estimated total volume of deposited sediment on the fan is equal to 47600 m3, with a 

corresponding minimum and maximum average depth equal to 0.05 and 2.25 m, respectively. It should be noted that 

according to Gregoretti et al. (2019) the dry bed concentration C* (i.e., the ratio between the solid and total volume 

of the dry undisturbed sediment) of the entrained material along the main channel (equal to 0.75 (-)) is different from 

that of the debris deposit on the fan (equal to 0.62 (-)). Therefore, for the mass balance, the sediment volume entrained 

in or upstream the initiation area can be estimated in about 11250 m3, by assuming a C* equal to 0.75 (-). It represents 

the total sediment volume of the flow descending from the four headwater channels, which triggered the Rio Val 

Molinara debris flow. Noteworthy, the presence of meaningful vertical discrepancies between the compared DEMs in 

the upper part of the basin (probably due to a poor LiDAR systems calibration, such as inaccurate determination of 

* This value was calculated by taking the sum in quadrature of the pre- and post-event LiDAR-derived DEMs vertical error. Due to the lack of 
ground reference values, it was estimated equal to 0.25 m for both the gridded surfaces, according to e.g. Cilloccu et al. (2009) and Molina et al. 

(2014). 
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boresight angles and offsets between instruments) did not allow the direct estimate of the triggering sediment volume 

through DEMs differencing. 

3. Integrated simulation of the occurred debris flow

The simulation of the occurred debris flow at the event-scale is carried out through the integrated approach 

proposed by Gregoretti et al. (2019). In detail, all involved physical processes (i.e., the runoff production, the sediment 

entrainment with the solid-liquid surge formation, and its downstream routing) are simulated in series by means of a 

models cascade as it follows. 

3.1. Runoff production and solid-liquid surge formation 

The rainfall-runoff is simulated by means of the hydrological model developed by Gregoretti et al. (2016). In detail, 

the model initially evaluates the excess rainfall by coupling the SCS-CN method with a simplified hortonian law. 

After that, it routes the effective rainfall to the catchment outlet by using a land use-dependent constant velocity along 

slope flow paths and the matched diffusivity kinematic-wave model proposed by Orlandini and Rosso (1996) along 

the channel network. The simulated hydrograph of the runoff at the triggering section is shown in Figure 4a. The 

simulated runoff peak discharge is equal to 6.50 m3/s, with a corresponding liquid volume of 60500 m3. Noteworthy, 

the employed parameters of the rainfall-runoff model are those used by Gregoretti et al. (2016). 

The hydrograph of the corresponding solid-liquid surge in the initiation area is then determined by summing the 

triggering sediment volume (estimated through mass balance in about 11250 m3, see Section 2.3) to the hydrograph of 

the runoff contributing to the surge (equal to 34919 m3). It represents the runoff with discharge values larger than the 

critical discharge for debris-flow occurence (Qcrit, Fig. 4a). In the research, Qcrit (equal to 0.44 m3/s) is computed 

according to the relation proposed by Gregoretti and Dalla Fontana (2008), based on the channel bed slope angle (equal 

to 21°) and the mean sediment grain size (equal to 0.11 m) of the debris material in the initiation area. As shown in 

Figure 4b, the shape of the solid-liquid surge hydrograph is assumed triangular, with a linear decreasing sediment 

concentration from the front to the flow tail. The simulated solid-liquid surge peak discharge is equal to 8.15 m3/s, 

with a corresponding debris-flow volume of 46169 m3. Furthermore, the estimated front sediment concentration is 

equal to 0.27 (-), with an average of 0.18 (-).  

Fig.4. Simulated hydrograph of the runoff (a), and corresponding simulated solid-liquid one (b). 

3.2. Solid-liquid surge routing 

The employed bi-phase GIS-based cells routing model is that of Gregoretti et al. (2019). It simplifies the momentum 

equation according to the kinematic wave approximation, which is usually assumed valid in debris-flows routing 

modeling since they generally propagated along steep channels (e.g., Arattano and Savage, 1994; Di Cristo et al., 

2014). In detail, in the case of gravity-driven flows, the momentum equation is that of uniform flow in a likewise 

Chezy form with a dimensionless conductance coefficient C. Conversely, in the case of flows along adverse slopes, 

a b 

Qcrit 

contributing 

runoff 
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the momentum equation is that of broad-crested weir. The deposition and entrainment processes are simulated through 

a modified version of the Egashira et al. (2001) equation for the rate of change of bed elevation, by assuming as 

controlling factors the flow velocity (U) and the channel bed slope angle (). In particular, the erosion occurs when 

both the flow velocity and the channel bed sloping exceed the user-defined limiting values ULIM-E and LIM-E, 

respectively. Likewise, the deposition occurs when both the flow velocity and the channel bed sloping are smaller than 

the user-defined limiting values ULIM-D and LIM-D, respectively. The mass balance (total and solid) at the DEM cell 

scale allows the closure of the equations system, which are solved with an explicit scheme subject to the Courant-

Friedrichs-Lewy convergence condition. 

For the modeling of the solid-liquid surge routing, the pre-event DEM was adjusted by reporting both the buildings 

and the obstacles (e.g., dry stone walls) that were present at the time of August 2010, and by removing the artifacts 

common in LiDAR-derived digital models (e.g., flow obstructions at road crossings). Furthermore, the values of the 

conductance coefficient C were set equal to 4 (-) and 2 (-) along the Rio Val Molinara Creek (where the flow was 

channelized) and on the deposition area (where the flow spread in several directions), respectively. It should be noted 

that these values are smaller than those used by Gregoretti et al. (2018, 2019) for the back-analysis of the debris-flow 

events occurred on 18 July 2009 and the 4th of August 2015 at Rovina di Cancia and at Ru Secco Creek (Mount 

Antelao, Venetian Dolomites). Likewise, the parameters governing the erosion (LIM-E) and deposition (LIM-D) 

processes were respectively set equal to 13° and 12°, which are smaller than the values used by Gregoretti et al. (2018, 

2019). These choices are justified after considering the debris material of the Rio Val Molinara channel bed and of the 

corresponding deposits. As a matter of fact, the visual analysis of post-event terrestrial photos highlighted the presence 

of no-negligible quantities of lime and clay. Therefore, the value C = 5 (-), which is suitable for a granular and 

channelized debris flow, might not be reliable due to the different flow behaviour. 

The Figure 5 shows the simulated erosion-deposition pattern. The comparison of the routing simulation results with 

the observations (Fig. 3) highlights that the main features of the observed erosion-deposition pattern are quite well 

reproduced by the simulation, both along the Rio Val Molinara Creek and on the alluvial fan. Actually, both the 

observed meaningful channel bed scouring and deposition pattern appear adequately reproduced by the cell model, in 

terms of both extension and spatial trend. It is worth noting that the simulated deposition processes along the Rio Val 

Molinara Creek are mainly due to a poor topographic characterization of the real channel morphology. As a matter of 

fact, the erosion-deposition processes are modeled by assuming the flow velocity and the channel bottom slope as 

controlling factors, which in turn depend on the channel morphology. Furthermore, during the occurred debris-flow 

event, local low magnitude deposition processes took place also along the Rio Val Molinara Creek (see insert in Fig. 

5). However, due to the small deposition depths, these geomorphologic changes cannot be captured through DEMs 

differencing. 

Overall, the simulated volumes compare well with the observed ones. In detail, the simulated erosion volume along 

the Rio Val Molinara Creek (24440 m3) is similar to that observed (28120 m3), with about 90% of it (22490 m3) 

modelled in the area with observed erosion. On the other hand, also the simulated deposition volume on the fan (41748 

m3) is nearly equal to the observed one (47627 m3), with about 90% of it (38359 m3) modelled in the area with observed 

deposition. Likewise, the simulated deposition area on the fan (94370 m2) compares well with the observed one 

(110402 m2). Overall, these results can be regarded as satisfactorily when the cell model is used at forecasting 

purposes. 

4. Conclusion

The 15th of August 2010 a runoff-generated debris flow routed along the Rio Val Molinara Creek and inundated 

the village of Baselga di Piné with about 50000 m3 of debris. In the research, the occurred debris-flow event was 

simulated from the triggering to the inundation through an integrated approach, which relies on the sequential 

application of rainfall-runoff, triggering, and routing models. After that, the routing model results were compared with 

the observed erosion-deposition pattern in order to assess the reliability of the proposed approach. 

Overall, the main features of the observed erosion-deposition pattern are quite well reproduced by the routing 

simulation. In fact, both the observed meaningful channel bed scouring and deposition pattern appear adequately 

reproduced by the cell model, in terms of both extension and spatial trend. Furthermore, also the simulated erosion-

deposition volumes and areas compare well with the observed ones. These results appear satisfactorily when the cell 

model is used at forecasting purposes, and they also show the possibility of using the model itself in environment 
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contexts different from the Dolomites, where the channels bed is covered by granular material. Nevertheless, deepen 

investigations have to be carried out. 

Fig.5. Map of the simulated deposition and erosion depths (insert: red arrows on low magnitude later debris deposits).  
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