
MITIGATION MEASURES FOR DEBRIS-FLOW HAZARDS AT THE
RITIGRABEN CATCHMENT – AN INTEGRATED APPROACH TO
RISK MANAGEMENTD26

ABSTRACT
At the Ritigraben torrent in Valais, Switzerland, multiple partial collapses of an active rock glacier front have triggered multi-surge debris 

flows in September 1993 and July 2018. Larger debris flows can endanger parts of the village of Grächen downstream on the intermediate 

debris fan as well as other infrastructure further down. Integrated risk management as proposed by Swiss national guidelines is conducted 

originally starting with event analysis and reconstruction (2018) as well as updated hazard mapping (2019). Organisational measures like 

damage mitigation and emergency measures were updated and a rock glacier survey was realised to limit individual risk for people. Struc-

tural measures including lateral and deflection dams are currently planned to further reduce individual and material risks as required based 

on standardised debris-flow risk analysis in Switzerland.

INTRODUCTION
Ritigraben torrent in Valais, Switzerland, is known for its long history of debris flows (Stoffel et al. 2003; and others). Debris flows mainly 

originate from an active rock glacier situated at the channel head around 2,600 m (Figure 1).

Figure 1. Overview of Ritigraben catchment and channel.

Flow velocities at the snout have accelerated significantly over the past decade – reaching roughly 10 times the velocity in 2020 when 

compared to measurements from 2000 (Kenner and Phillips, 2020). Multiple partial collapses triggered debris flows in July 2018. Additional 

partial as well as a total collapse of the rock glacier snout were considered possible according to the 2020 report on yearly monitoring 

provided by WSL Institute for Snow and Avalanche Research SLF (Kenner and Phillips, 2020). Large debris flows caused by either multiple 

partial collapses (up to 1,000 m3) or one larger single collapse (>5,000 m3) at the rock glacier front potentially endanger parts of the village 

of Grächen which is situated on an intermediate debris fan. Other infrastructure located further down in the main valley, such as the railway 

line leading from Visp to Zermatt, could also be impacted by large debris flows as has occurred due to a major debris flow on September 

24th, 1993.

METHODS
In the aftermath of a debris flow in 2018, the communal authorities of the concerned communities Grächen and Sankt Niklaus assigned 

engineers to design mitigation measures against debris-flow hazards endangering residential areas and infrastructure. Hazard mapping was 

updated based on analysis of the 2018 debris flow, empirical data as well as scenario-based numerical debris-flow modelling providing a 

basic framework for land use planning and spatial development (Table 1).
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Table 1: Debris-flow scenarios as developed by geoformer igp AG (total volume, max. surge volume, number of surges) based on empirical data debris flow events 1993 and 2018 and 

corroboration by empirical results from tree ring analysis conducted on the Ritigraben fan (Stoffel et al., 2003). The return period is calculated as the inverse of the probability of occurrence 

per year under current climatic and morphological conditions.

A holistic method was conducted to develop prevention measures following national practice guidelines for risk management (PLANAT 

2018) (Figure 2). For the protection of existing residential areas and infrastructure, engineers considered both organisational and structural 

mitigation measures.

Figure 2: Integrated risk management as proposed by Swiss national guidelines (PLANAT, 2018 and others). The assessment presented in this paper started by conducting documentation 

and analysis of the 2018 debris flow as well as leading emergency measures taken right after the event. Comprehensive risk assessment was then continued by updating and completing 

all emergency provisions as well as the planning of structural prevention measures.
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An integrated risk management project was started and conducted by engineers of geoformer igp AG company. In early stages of the project, 

various types and combinations of prevention measures were rated and compared to facilitate an informed evaluation of potential measures. 

Organisational measures were evaluated considering the needs and deficits of the local emergency response services. Engineers further 

developed the most technically feasible solution. 

Organisational measures are partially implemented today, thereby building the legally required foundation for the implementation of struc-

tural measures. The following three general options for potential technical measures were evaluated by geoformer igp AG:

1.	 The construction of a retention basin at the upper fan could hold back a few 10,000 m3 of sediment. However, overloading of the basin 

during multi-surge debris flows is still possible in larger events (Table 1). The deceleration of flows traversing a filled retention basin 

could favour significant bed fill deposits in the main channel below the retention basin. In turn, it might cause subsequent surges to 

leave the main channel despite the measures. Due to sediment transport and small debris flows, frequent evacuation of deposits would 

be required to maintain the retention volume. Operating costs for local and cantonal authorities would be significant to maintain the 

initial retention volume over years and decades (during the lifespan of such a system (80 to 100 years).

2.	 Debris flow net barriers could block lateral outbreaks up to a few 1,000 m3 outside of the main channel. However, due to their lim-

ited retention volume, larger and multi-surge debris flows would overtop multiple net barriers. Hence, the development of new flow 

paths on the intermediate fan endangering the village of Niedergrächen (return period of debris flow: 300 years) is not avoided in all 

scenarios.

3.	 Limiting lateral extent of debris flows placing lateral dams on the north- and south-side of the main channel was found to be the most 

robust concept. Dams on both sides deflect and lead debris flow, that deviate from the main channel, across the intermediate fan back 

into the main channel. Positioning of lateral and deflection dams utilising current fan topography while optimising dam shape and 

height was evaluated conducting scenario-based, numerical debris-flow modelling using RAMMS debris flow v1.7.20. The goal was to 

ensure robust risk reduction covering up to a very seldom debris-flow scenario potentially endangering the village (return period of 

debris flow: 300 years).

In addition to qualitative risk analysis, a standardised method called EconoMe – developed by Swiss Federal authorities (Bafu, 2023) – was 

implemented to quantitatively assess the monetary risk reduction and cost-benefit ratio of structural measures.

RESULTS AND DISCUSSION
Risk assessment - Hazard Mapping and monetary risks

On the intermediate debris fan of Ritigraben, hazard mapping completed by geoformer igp AG identified several outbreak sites along the 

upper fan section. The major outbreak site covering both sides is located at around 1,690 m where last two major debris flows (2018 and 

1993) have led to a limited outburst on the right-hand side (500 and 1,000 m3 respectively). However, smaller surges (< 5,000 m3) of mul-

ti-surge events can cause significant bed fill deposits between the fan apex and middle sections as well (e.g. in 2018). As a consequence, 

outbreaks of larger single or multiple surges can lead to new flow paths outside of the main channel, potentially endangering the village of 

Niedergrächen in the north as well as the cantonal road and several single houses in the south. Records found in tree-ring analysis on the 

intermediate fan confirm that lateral debris-flow outbreaks as well as alternating channel paths have been present in the past decades up 

to a few centuries (Stoffel et al., 2003).

The comprehensive risk analysis using EconoMe (Bafu, 2023) – incorporating all potential hazards of four debris-flow scenarios covering 

frequent, seldom, very seldom as well as extreme scenarios – showed that the acceptable level of individual death risk (as defined by Swiss 

federal authorities using a probability threshold of 1∙10-5) is exceeded for 53 out of 397 buildings and 24 out of 123 road sections affected 

by debris flow hazards originating at Ritigraben. The exceeded probability thresholds require local and cantonal authorities to develop mit-

igation measures reducing the risk below acceptable levels.

Prevention - Technical measures

In the case of Ritigraben, structural protection is desired to limit material risk and reduce individual risk to acceptable levels based on com-

prehensive risk analysis using EconoMe (Bafu, 2023). Therefore, a dam system was designed to control debris-flow outbreaks by limiting 

the debris-flow process to specific areas on both sides of the main channel (Figure 3).

This zone is restricted by lateral and deflection dams, including remodelling of the surrounding topography where necessary. The concept 

aims to deflect debris flows and direct them to re-enter the main channel at the lower fan. Based on empirical flow height formula, the dam 

system was first designed to re-direct single debris flows up to 15’000 m3. They thus cover the maximum flow volume expected in very 

seldom scenarios (statistical occurrence = 1/300 per year). All lateral dams were placed further away from the main channel to avoid major 

bank collapses (due to over-steepened lateral banks or caused by additional basal erosion) negatively affecting dam stability over time. 
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Figure 3: Overview of planned structural measures at Ritigraben consisting of lateral dams (green: North N1/N2a/N2b, South S2b/S3) and deflection dams (green: North N3, South S1/

S2a) as well as terrain adjustments (orange). Gray markings indicate potential net deposition zones in the upper channel section of the intermediate fan. Arrows depict primary (yellow) and 

secondary (blue) outbreak locations and flow paths between lateral dam systems North and South.

Based on conceptual findings and modelling results, dam elements and terrain adjustments were optimised regarding their functional posi-

tioning and shape as well as the required dam height. For example, lateral dam N2 was shortened and split up in two segments (N2a and 2b, 

see Figure 3) allowing debris flows to follow an existing depression in the terrain. Overall, dam length was hereby considerably shortened 

(about 100 meters) reducing land use, forest clearing and building costs. Dam S1 had to be extended uphill to prevent lateral overflow and 

erosion (Figure 4)

Converging flow paths uphill from dam 2a were found to cause significant flow accumulation. Therefore, dam height was slightly increased 

and additional terrain adjustments uphill were incorporated. Modelling results showed that these design adjustments considerably reduce 

flow accumulation and hence the probability of overloading and erosion at the dam crest (Figure 4).

Figure 4: Comparison of initial concept (left) and final optimised design (right) for dam system on the south-side of the main channel. Uphill terrain was adjusted (orange polygon), dams S1 

and S2a were extended, and dam S2a was heightened (4 to 6 meters) to reduce flow accumulation that could cause overflow and erosion at dam crests (S1: red / S2a: pink). Figures show 

the maximum flow heights [m] (blue) of the largest surge of the 300-year debris-flow scenario (15’000 m3) which is paramount to dimensioning the structural measure.

Land use in general and forest clearing areas in particular were reduced significantly, which allows for improved short-term integration of 

technical structures into the forest landscape. Natural succession will be supported by the plantation of trees and shrubs to ensure re-growth 

and regeneration of vegetation after construction. However, within about 4 to 5 meters along the dam, vegetation cover must be kept limit-

ed to shrubs and smaller trees to ensure that the functionality of the primary flow corridor is not compromised by dense vegetation in the 

future. 3D-visualisations of optimised dam structures depict a plausible scenario for the development of re-emerging vegetation and forest 

cover further improving landscape integration over time (Figure 5).
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Figure 5: 3D-Visualisations show dam structures in the forest on the intermediate fan of Ritigraben covering three states after construction is finished: just after construction (bare dam 

structures and terrain adjustments), about 3 years after construction (trees planted after construction, natural succession of shrubs), about 30 years after construction (larger trees, forest 

has recovered).

The lifespan of the dam system is estimated to be up to 100 years (Bafu, 2023), which has a positive effect on the cost-benefit ratio. Further-

more, operating and maintenance costs of the system can be kept relatively low because, for example, restoration of effective dam height 

is solely required in case of significant material deposits along the dam. Therefore, re-growth of vegetation is expected to be rarely affected 

by material evacuation operations. However, the mass balance of the (optimised) construction measures is negative - up to 20,000 m3 of 

additional fill material have to be excavated to build the entire dam system. The realisation of structural measures in stages is considered to 

minimise required operating space and hence limit negative effects on forested areas.

Prevention – Intervention planning / emergency provisions

Organisational measures reduce personal risk for the population in currently endangered zones. In the case of Ritigraben, the data collection 

and operating procedures were developed to function before as well as after construction of structural measures. To survey the development 

of the Ritigraben rock glacier, an on-site development of a real-time high-resolution measurement system for the rock glacier and the debris 

flow gully started in 2021. As of late 2021, three GPS devices were installed on the rock glacier, followed by three cameras at two sites and 

featuring automatic image analysis in 2022 (Figure 6). The movement of the rock glacier is thus monitored year-round and in real-time. The 

involved communities of Grächen and St. Niklaus are owners of the devices. The monitoring system was planned by natural hazard experts 

from geoformer igp AG and developed by specialized manufacturers Geopraevent AG, Geosat SA and SensAlpin GmbH. Since 2022, a dig-

ital platform developed by Wyssen Avalance Control AG provides centralised access to measurement data as well as an online journal and 

evaluation tool accessible to decision-makers. Decision-making processes were optimised as a part of the project and the priorly existing 

automatic debris-flow detection system further downstream was included as one element amongst others into the new system. Details about 

the devices and data processing (monitoring) can be found in the Interpraevent article by Stähly&Senn (2024). 

Measurements showed that in the years 2022 and 2023 rock-glacier velocities were less than the maximum displacement in 2020, but still 

around 5 times higher than around 2000. Increasing permafrost degradation due to rising temperatures caused by climate change can 

generally be observed throughout the Alpine region. The years 2022 and 2023 were very dry with little snow. The resulting lower water is 

probably the reason for the slightly lower displacement rates in these years. The annual cycle of rock-glacier displacement rates, as well as 

short-term accelerations due to snowmelt and rainfall, can be observed in the GPS measurements (Figure 6).

Figure 6: Top Left: The multi-sensor station at Ritigraben Rock Glacier contains two cameras, a rain gauge and a temperature sensor. Parts of the rock glacier front are visible on the right-

hand side. Top right: The rock glacier and the location of the GPS and the Multi-Sensor Station. An artificially levelled ski slope crosses the upper part of the rock glacier. Bottom: Rock glacier 
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velocities as measured by the three GPS-sensors from the date of installation until November 2023. The measurements clearly show a seasonal pattern and the different velocities of each 

rock glacier part, GPS 3 being closest to the rock glacier front. 

During the 2022 and 2023 debris flow seasons, responsibilities were divided as follows: local natural hazard observers - employed on a 

communal base as part of the Swiss natural hazard observer system - closely followed weather forecasts to identify potential debris-flow 

triggering precipitation. Natural hazard experts of the involved engineering company geoformer igp AG meanwhile followed the rock glacier 

development and documented and communicated its activity level on a weekly basis to the local authorities. This collaboration allows mon-

itoring of the two controlling factors for debris-flow triggering: sediment availability and precipitation. A large-scale exercise of emergency 

and intervention planning including an evacuation test of people in endangered buildings was conducted in autumn 2022. The test showed 

that the evacuation of all inhabitants of the endangered zone takes two to three hours. This underlines the importance of the implemented 

monitoring and early warning system so that the necessary measures can be taken in time. The evacuation test was considered fulfilled by 

the relevant state authorities. No significant debris flows have occurred since the installation of the new devices so the entire intervention 

and evacuation scheme is yet to be tested under the conditions of an actual emergency situation. The monitoring helps to systematically 

identify potentially critical situations. However, the accuracy and interpretation of weather forecasts in order to identify potential debris-flow 

triggering precipitation is particularly limited and cannot be improved within this project.

CONCLUSIONS
The debris-flow hazard at Ritigraben catchment is large and complex in nature. Conducting integral risk assessment provides the scheme 

and available tools to reduce individual and material risk starting after the debris flow in 2018. Developing and implementing appropriate 

sets of organisational measures provided short-term risk reduction, updatable over time. The implementation of effective organisational 

measures allowed for an appropriate evaluation of robust structural measures while meeting other requirements. E.g., limiting the impact on 

forested areas improved general integration of the dam system into the landscape. As of today, debris-flow risks at the Ritigraben catchment 

are considerably limited and should be further reduced overall in the future.

Climate change will very likely generally accentuate risks from thawing permafrost in high-alpine regions. Furthermore, increasingly intense 

precipitation will likely trigger larger debris flows in certain catchments while increasing debris-flow frequencies in others. Both potential 

changes lead to possibly higher risks for downstream populations. The implementation of integrated risk management (see Figure 2) proves 

important for a balanced and future-oriented prioritisation of measures. In the opinion of the authors, it is very important to evaluate a 

solution that is precisely tailored to the local situation of a specific debris flow catchment. We therefore believe that the holistic method 

presented in this paper can serve as an example for other projects.
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