
ANALYSIS OF A LARGE DEBRIS FLOW EVENT IN HORLACHTAL, TYROLC10

ABSTRACT
In this study, we present the evaluation of the spatial effects of a large-scale debris flow event on catchment-scale using hydrometeorological 

and topographic measurements. On 20 July 2022, a thunderstorm triggered 156 debris flows in the Horlachtal valley, Tyrol. Four discharge 

gauges and three meteorological stations together with the radar-based INCA (Integrated Nowcasting through Comprehensive Analysis) 

precipitation data demonstrate the highly localised nature of the storm cell. Rainfall intensities varied widely within small distances and 

reached up to 44 mm/h. Pre- and post-event topographic data from two airborne LiDAR (Light Detection and Ranging) surveys provided 

detailed information on the changes in topography. In total, the debris flows deposited about 200.000 m³ of sediment, 15.300 m³ of which 

reached the channel network. Sediment delivery to the main channel was reduced by a retention basin, which stored 3.800 m³ of material.

INTRODUCTION
Debris flows occur as a natural hazard in all mountainous regions (Dowling & Santi, 2014). Although these processes occur at a low frequen-

cy, they are known to be an important driver of alpine sediment transport (Fordham et al., 2023). Debris flows often do not simply restore 

material, but are able to couple sediment storages on the slopes with the channel system and thus play an important role in high alpine 

landscape evolution with large-scale effects on many parts of the alpine geosystem. Sediment input to rivers also affects sedimentation rates 

in reservoir lakes of hydro power plants as well as channel topography.

Debris flows are particularly triggered by high-intensity precipitation events (Luino et al., 2020). Such events caused flooding and triggered 

numerous debris flows in the Ötztal and Stubaital valleys in the central Alps of Tyrol in July 2022, causing damage to buildings and infra-

structure and even resulting in one fatality. In the Horlachtal catchment, a tributary valley of the Ötztal, a thunderstorm on 20 July 2022 

triggered many debris flows. Infrastructure such as supply roads for the alpine huts and hiking trails were damaged and had to be partially 

rebuilt.

The Horlachtal (1476 – 3287 m a.s.l.) can be divided into six different sub-catchments (see Fig. 1): Haupttal (HT), Grastal (GT), Larstigtal 

(LT), Zwieselbachtal (ZT), Weites Kar (WK) and Finstertal (FT). The most common type of debris flow in the study area are slope-type 

debris flows, which have a distinct hydrological catchment in the bedrock sections above the scree slopes. Large debris flow events in the 

Horlachtal are known at least since 1850 (Rom et al., 2023).

Figure 1: The Horlachtal and its sub-catchments. The locations of the hydrological and meteorological stations are shown as well as the corrected INCA data. The mapped debris flows of 

the 2022 event are coloured according to the accumulation volumes. The stars mark the starting points of debris flows that reached the channel system.
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The aim of this paper is to characterise the debris flow event of 20 July 2022. In particular, we aim to derive the spatial characteristics of such 

an event for an entire high alpine catchment (in this case about 55 km²) in order to be able to better assess similar events in the future. In 

addition, we calculate the amount of sediment that was transported into the channel system by the debris flows and discuss the efficiency 

of the control structures in the Horlachtal.

METHODS
Hydrometeorological data

Four different hydrological gauges provide information on runoff in the study area (see Fig. 1). The Finstertal station is operated by the 

SEHAG (SEnsitivity of High-Alpine Geosystems) research group and is located at the outlet of FT to the main valley of Horlachtal (HT) and 

therefore captures the discharge of FT. The Larstigtal gauge (SEHAG) captures the LT sub-catchment. At the Horlach Fassung discharge 

gauge, which is operated by the Tiroler Wasserkraft AG (TIWAG) and captures FT, WK and ZT, most of the water is diverted to a reservoir 

in a neighbouring valley. At the outlet of the study area, the Stuibenfall gauge (TIWAG) measures the discharge of the entire Horlachtal.

Three meteorological stations (Grastal (SEHAG; 10 min temporal resolution), Horlachalm and Niederthai (both TIWAG; 15 min resolution)) 

measure precipitation in the Horlachtal (see Fig. 1). In addition, we used the gridded area-wide INCA dataset provided by the Austrian 

Central Institute for Meteorology and Geodynamics (ZAMG) (Haiden et al., 2011) with a spatial resolution of 1 x 1 km and a temporal reso-

lution of 1 h. INCA combines radar measurements with satellite data, meteorological stations and topographic information. However, as the 

radar-based INCA data are known to overestimate the peak precipitation intensities of large meteorological events (Ghaemi et al., 2021), we 

corrected the intensities by comparison with the measurements from the meteorological stations in the study area using linear regression.

Topographical data

On 22 September 2021, we conducted an airborne LiDAR campaign in the study area using a Riegl VUX 1LR sensor mounted on an helicop-

ter. As part of the post-processing, we classified ground points to generate a Digital Terrain Model (DTM). We repeated the LiDAR campaign 

with the same settings on 3 August 2022, only two weeks after the debris flow event. This allowed us to generate highly accurate pre- and 

post-event topographic data.

To quantify the topographic changes caused by the event, we subtracted the pre-event from the post-event DTM to generate a DTM of 

Difference (DoD). To improve the spatial quality, we divided the DoD into several smaller parts to perform local adjustment methods, in 

particular Iterative Closest Point (ICP) algorithms in combination with the raster-based co-registration method developed by Nuth & Kääb 

(2011) implemented in the python tool demcoreg (Shean et al., 2016). By analysing the DoD values in mapped stable areas, we can calculate 

the inaccuracies of the topographic changes. We performed an error assessment following Anderson (2019), which combines the uncorre-

lated random error, the spatially correlated random error and the systematic error.

The debris flows from 20 July 2022 are visible in the calculated DoD due to the resulting topographic changes of these processes. The 

distinct landforms (such as levées) can be mapped and the process areas can be outlined. If the process area of a debris flow reaches the 

active main channel system, it has been able to transport sediment from the slopes into the channel. The magnitude of each individual debris 

flow can also be estimated in the DoD by calculating the deposited volume in the accumulation areas. The sediment input into the channel 

system can be estimated by subtracting the accumulation volume from the erosion volume within the mapped debris flow process areas.

RESULTS AND DISCUSSION
Spatial characteristics of the event

Both the hydrological and the meteorological stations show high peaks on 20 July 2022. However, the discharge gauges already indicate 

large spatial differences in the event (Fig. 2A). The peak of the Finstertal station is almost non-existent, suggesting no heavy rainfall in FT. At 

Horlach Fassung station, we see a very rapid increase in discharge in about one hour and a clearly pronounced peak. This shows that the 

event affected the WK and/or ZT sub-catchments. The Larstigtal station indicates a similar increase in discharge. Unfortunately, the sensor of 

the gauge broke at this point probably due to heavy bedload. The Niederthai gauge records the discharge for the entire study area. Again, 

the rapidly increasing peak is visible here.

The precipitation measurements from the meteorological stations support the hypothesis of a very local event, as the maximum rainfall 

intensities vary between the stations (Fig. 2B). At Horlachalm station, the event maximum of 23.6 mm/h represents an event with a return 

period of about 30 years. The 30-minute data, however, only point to a return period of about 10 years (17.8 mm/30 min). The INCA dataset 

again clearly illustrates the local nature of the event, as it shows that a summer storm cell is located to the east and south of the study area 

(see Fig. 1). The most affected sub-catchments were ZT, LT and the west-facing slopes of GT. After the correction of the absolute values, 

the INCA data indicate rainfall intensities of up to 44 mm/h. The example of this event shows that the rainfall threshold for triggering debris 

277CONFERENCE PROCEEDINGS | INTERPRAEVENT 2024



flows cannot necessarily be inferred from the records of individual climate stations, as the stations are usually not located where the highest 

precipitation intensities occur.

Figure 2: (A) Discharge measurements at the four stations of 20 and 21 July 2022. (B) Recorded precipitation at the three meteorological stations on 20 July 2022.

After mapping all debris flows using the DoD (156 debris flows in total), we see a concentration of these processes on the east-facing slopes 

of ZT, the entire LT and the west-facing slopes of GT (see Fig. 1). This distribution is in good agreement with the hydrometeorological data. 

However, almost no debris flows were observed on the west-facing slopes of ZT, even though the INCA data indicate high precipitation 

intensities there. This discrepancy could be due to a slight shift in the radar data of the INCA dataset. Correction of this shift would move 

the centre of the thunderstorm to the southwest, which would match the observed debris flow initiations even better.

Debris flow magnitudes

The DoD analyses show that a total of 199.267 m³ +/- 1.766 m³ of material was deposited by debris flows during the event. This accumu-

lation volume is distributed over the sub-catchments HT (5.904 m³ +/- 18 m³), GT (37.896 m³ +/- 193 m³), ZT (45.344 m³ +/- 149 m³) and 

LT (110.150 m³ +/- 1.406 m³). Based on the debris flow data in Rom et al. (2023), it can be assumed that such a debris flow event occurs 

approximately every 30 years in Horlachtal.

The prediction of debris flow runout distances is important, e.g. for the production of alpine hazard maps. As these distances can be cor-

related with debris flow volumes (see e.g. Hürlimann et al., 2008), it would be crucial to be able to predict the latter. Based on the data of 

the July 2022 event, we see a correlation between the accumulation volume and the amount of precipitation on a hydrological catchment 

of a debris flow (Fig. 3). However, the observed volumes for a given amount of precipitation vary by as much as two orders of magnitude. 

It may be useful to use the 95% quantile regression line to predict maximum debris flow runout distances:

with V95% as the debris flow volume based on the 95% quantile regression and p as the amount of precipitation on a hydrological catch-

ment (in m³).

Figure 3: Correlation between debris flow deposition and the sum of rainfall per catchment at the 2022 event.

끫뢒95% =  15.1 ∗  끫뢺0.854  
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Sediment transfer into the main channel system

Of the 156 individual debris flows detected during the event, only 10 show a connection to the main channel systems (see Fig. 1). According 

to the DoD analysis, 15.333 m³ +/- 1.813 m³ of sediment reached the channels. Two main sources of uncertainty can be introduced into 

the sediment transfer calculations. First, the bulk densities of the sediment before and after debris flow erosion could be different. Second, 

the mapped debris flow process areas may not cover all the erosion areas, as in some cases these areas extend well into the steep bedrock 

sections of the hydrological catchments.

In the accumulation zone of one of the debris flows that reached the channel system in sub-catchment HT, a debris flow retention basin was 

constructed to protect the alpine hut supply road. During the event, this basin was completely filled with sediment. Some of the material 

even overflowed and reached the river (Fig. 4). However, the basin was able to retain 3.768 m³ +/- 5 m³ of debris flow material that would 

otherwise have caused severe damage to the road and increased the total amount of sediment entering the river system by approximately 

25%. Now that the basin has been filled, it has lost its retention capacity and needs to be excavated in order to regain its capacity.

Figure 4: DoD of the 2022 event that shows the filled retention basin. The deposited material along the road has been artificially piled up and originates from two different debris flows.

CONCLUSIONS
On 20 July 2022, a large-scale debris flow event was triggered in the Horlachtal, Tyrol, with 156 individual flows depositing 199.267 m³ 

+/- 1.766 m³ of sediment. The event was caused by a summer storm with precipitation intensities up to 44 mm/h. The measurements of the 

discharge gauges and meteorological stations as well as the INCA data show that such thunderstorms can occur at a very local scale. Pre-

cipitation data from meteorological stations alone are not able to capture all the spatial details of such events. Therefore, individual rainfall 

measurements may not be very useful in describing the characteristics of a nearby debris flow event, as rainfall intensities vary greatly over 

small distances. Nonetheless, point precipitation measurements are needed to validate and, if necessary, correct the spatial precipitation 

products as it was done for the INCA data.

Although 156 debris flows were triggered during the event, only 10 reached the main channels, transporting a total of 15.333 m³ +/- 1.813 

m³ of material from the slopes into the river system. This sediment input can be reduced by appropriate control structures. The retention 

basin in the Horlachtal could store 3.768 m³ +/- 5 m³ of debris flow material, but could not catch the entire deposition. In order to reduce 

the damage of future events, the basin should be excavated again.
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