
MAKE PROTECTION MEASURES “FIT FOR THE FUTURE” –
INTEGRATIVE CONCEPTS FOR ALPINE CATCHMENTSE30

ABSTRACT
In recent years, Austria has frequently experienced natural disasters, such as devastating debris flows in protective forests (2001-2023), which 

have caused significant damage and losses in certain regions. It is assumed, however, that extreme events and natural hazards' frequency 

and intensity are likely to increase in the future. Managing torrential processes to ensure their protective function presents a significant 

challenge. Examining the historical development reveals a continuous evolution of activities in various catchment areas, design types, and 

constructions over time. In conjunction with technological advancements and lessons learned from events associated with climate change, 

the constructions are consistently being improved. Through these findings and results, recommendations for improving the technical pro-

tection measures' efficacy were established. Under the principle, of “fit for the future” the recommendations are summarized and presented 

in this contribution.

INTRODUCTION
Protection measures first focused on the alluvial fan. The main goal was the local protection of properties, chattels, and important traffic 

routes (STRELE, 1938). In Tyrol, the first technical countermeasures date back to the 15th century with walls (WANG, 1903), realignment of 

creeks, and sediment control structures. With increasing building activities and decreasing efficiency of the check dams (filled deposition 

places) new methods, like temporary storage of sediments by control dams with slots and inclined rakes, were developed. At the end of the 

19th Century the first “forest-technical service” was founded in France (today: RTM), to establish an integral watershed management by the 

combination of forest and technical measures. The protection concepts were extended to the whole catchment area (LÄNGER, 1999). After 

the World War II with more efficient construction methods, construction of measures became cheaper and less time-consuming. Thus, new 

mitigation concepts had been developed. One of these new methods was the design of debris control drain structures and slit structures 

with the purpose of debris retention and temporary storage. Since 1980 the increased knowledge led to further improvement of mitigation 

methods.

METHOD
The information obtained from ongoing maintenance and inspection of protection measures and event analysis is used to adapt the protec-

tion systems to ensure they are 'fit for the future'. This adaptation is not focused on individual protective structures, but rather considers the 

entire catchment area as a functional chain of measures. This section begins by discussing the upper parts of the catchments and concludes 

with a detailed definition of the displacement process for each torrent section. Based on this definition, appropriate measures can be de-

termined from the upper parts to the fan. This includes necessary improvements to existing protective measures, as well as considerations 

for maintenance and clearance costs.

DISMANTLING OF PROTECTION MEASURES UPPER CATCHMENT
Beginning with measures in the upper parts of the catchments, it is crucial to enhance the protective forest situation. Severe weather condi-

tions, including snow loads, storms, and Bark beetle infestations, have caused immense damage to the protective forest areas in Austria. To 

provide a prompt and precise resolution to this problem, "Technical measures" have been implemented to ensure the validation of protective 

functions following abiotic/biotic damage in high-elevation afforestation. High-altitude afforestation involved the utilization of potted plants 

such as cembra pine, larch, and spruce. Accompanying the implementation process were various tending strategies, including browsing 

protection, thinning, utilization of pale arrays, snowpack-stabilizing structures, and cross-felling.
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figure 1 a, b, c: Tending strategies in the form of thinning, an array of pales, and cross-felling

DISMANTLING OF PROTECTION MEASURES MIDDLE REACH AND ON THE FAN
STRUCTURE TYPES FOR ENERGY DISSIPATION

To mitigate the energy of the primary torrential displacement process, known as 'Debris flow,' measures involving energy dissipation and 

a high concentration of solids and woody debris are implemented. This measures reduces the dynamic impact downstream reaches of the 

stream channel an exposed settlement areas by slowing and depositing the surge front of the debris flow. The dissipation of energy from 

debris flow can either be achieved by slowing down the flow (breaking the surge front) or by altering the displacement process. This objec-

tive can be achieved with the use of structures that directly impact the debris flow process ("debris breaker") or by constructing dams that 

cause energy dissipation in the spilling pool ("drop structure"). An example of such an event is the flood that occurred at Karthäusenbach/

Salzburg on the 29th July 2008 provides a prime illustration of mitigating the kinetic energy of debris through drop structure, water, and 

storing bedload in a retention basin situated downriver from the dams. The integration of slot structures downstream with the drop structure 

was also effective. A proportion of the debris was contained in the basin. 

Due to the rising impact of debris flow resulting from climate change within the catchment area, the slot structure has been reconstructed to 

incorporate structure fins for energy dissipation. This design effectively mitigates hydro-abrasion or spalling caused by debris impact through 

integrated steel armor plates installed across the heavily utilized parts of the structures.

figure 2 a, b: Slot structure (Left picture) and adapted slot structure with structure fins covered with steel armor plates (right picture)

STRUCTURE TYPES FOR FILTERING

The filtering of debris means the temporary depostion of coarse bedload during flood peak and the controlled spilling of sediments with 

descending flood discharge. The intermediate storage of the accumulated material is designed to balance hazard mitigation and a healthy 

riverine environment. The function of filtering includes all kinds of structures that serve the selective retention of coarse solid components 

like boulders or driftwood from the flow process. Filtering structures have to be designed in a way that fine-grained bedload can drift 

through without being retained. The filtering should be limited to those solids that cause the clogging of bridges and narrows in the lower 

reach. As dosing/filtering structures large slot grill structures are used. This type of structure controls the transport and deposition processes 

of sediment, boulders, and woody debris. The flood event at the torrent Leisnitzbach/Salzburg on 9. August 2014 is a good example of a 

self-acting emptying of a sectional inclined rake structure. This event with driftwood generated a temporary storage of bedload behind the 

structure. The inclined structure remained free on the left side so the bedload could pass the structure during the flattened flood hydrograph. 

886CONFERENCE PROCEEDINGS | INTERPRAEVENT 2024



figure 3 a, b: sectional inclined rake structure after the event with self-acting emptying (left), machine cleared (right)

figure 4 a, b: A gentle slope of the filter part results in the floatation of woody debris thus parts of the bedload can pass through

STRUCTURE TYPES FOR DOSING

The “closed” system concerning sediment transport has been converted into an “open” system. Due to the opening of the check dams con-

tinuous sediment transport was made possible. Furthermore, the ability of the fish to pass throw the dams was restored, hand in hand with 

the requirements of the EU Water Framework Directive (WFD). Before these measures (opening of the check dam) were put into practice, 

extensive studies were carried out, which showed the possible effects of opening the system. The possible bedload transport was deter-

mined with simple calculations up to complex modeling. 

figure 5 a, b: Slot structure (Left picture) and adapted slot structure with structure fins covered with steel armor plates (right picture) – Marislbach/Zederhaus
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figure 6 a, b: sediment retentions dam at hm 38,00 Bizauerbach/Bizau

figure 7 a, b:  stabilization dam – Leisnitzbach/Tamsweg

RESULTS 
In Austria, lessons learned from repeatedly witnessing natural disasters the management of torrential processes to ensure the protective 

function in alpine catchments is a major challenge. Observing the historical development shows the constant change of activities in different 

catchment parts, design types, and constructions over time.

UPPER CATCHMENT

A two-stage strategy can yield good results. Firstly, accurately “Technical measures” ensuring the protective function of the protective 

function after abiotic/biotic damage. Secondly, targeted forestry-biological measures can ensure long-term and sustainable protection. This 

include afforestation with suitable tree species cembra pine, larch, and sycamore and tending strategies in the form of browsing protection, 

thinning, and cross-felling for a long time project period. Rapid protection has been done by an array of pales, snowpack-stabilizing struc-

tures, and rockfall and debris flow nets.

figure 8 a,b: snowpack-stabilizing structures, array of pales and cross-felling (left), rockfall nets after storm event
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MIDDLE REACH AND FAN

Hand in hand with technical progress, lessons learned from events in the light of climate change as well as a higher process understanding 

the constructions are constantly improved. Different conclusions could be drawn for each dam type. For slowing and depositing the surge 

front of the debris flow a reduction of the opening widths of breaker dams proved to be necessary to optimize the function. 

figure 9 a, b: adjustment of the opening widths; function fulfillment events 2022 and 2023

Structures intended for filtering have to be designed so that sediment can pass through the openings into the lower reaches of the torrent 

both during the approaching flood wave and during its tail end. The size of the openings of dosing structures is of principal importance to 

prevent the deposition of fine-grained bedload in the vulnerable lower reaches of torrents. Only rough estimates of the transport capacity 

of such lower torrent reaches are currently available for designing dosing structure opening widths. Other reasons for the development of 

adjusted systems with an integrative catchment view up to the receiving stream are the high and still rising maintenance and clearance costs. 

figure 10 a, b: clearance route to maintain bedload and woody debris; depositing debris and bedload material in the vicinity of the dam

DISCUSSION
Modern protection concepts in flood control are designed to optimize various functions within a chain of protective structures. The pro-

tection concepts are 'made-to-measure' meeting each catchment's very special requirements. The intention is to maximize the protection 

systems efficiency by taking advantage of the interaction between the different structures functions.

The method described can adapt protection systems to ensure they are 'fit for the future' by considering the entire catchment area as a 

functional chain of measures. The discussion begins with the upper parts of the catchment and the definition of the displacement process 

of each torrent section, which leads to necessary improvements to existing protective measures and considerations for maintenance and 

clearance costs.

The most urgent requirement is to enhance the protective forest situation. This process should start at the higher levels of the catchments. 

To swiftly and precisely address the issue, we implemented technical measures such as pale arrays, snowpack-stabilizing structures, and 

cross-felling. These measures serve as a guarantee for ensuring the protective functions following any abiotic or biotic damages in high-el-

evation afforestation. We compared the effectiveness of these stabilization measures with those of check dams in the upper sections of 

spring ditches. Lessons learned from climate change events and a better understanding of the process of slowing and depositing the debris 

flow surge front conclude that reducing the opening widths of the debris flow breaker is necessary to optimize the energy dissipation and 
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deposition function.  An example of this is the above described modification following the 2017 debris flow event at Rosadiergraben in the 

municipality of Zederhaus. The opening widths at the Murbrecher was significantly reduced and a clearing access road was constructed. 

These adjustments served their intended purpose as the energy from the debris flows in 2022 and 2023 was dissipated, and the storage area 

was filled with coarse-grained debris flow material. The material removal was made technically and economically feasible thanks to the 

adapted clearing route. In addition, structures positioned beneath a filtering structure must be designed to allow sediment to pass through 

openings into the lower reaches of the torrent during both the leading and trailing edges of the flood wave. The size of the openings in 

sorting dams is crucial to prevent the accumulation of fine-grained bedloads in the delicate lower reaches of torrents. The integrated steel 

armor plates on heavily used parts of structures help prevent hydro-abrasion or spalling caused by debris, bedload, and woody debris im-

pacts. Maintenance and clearance costs are rising; therefore, fitted systems with an integrative catchment view up to the receiving stream 

have been developed. To maintain bedload and woody debris, all structures should be installed with clearance routes (example Karthäusen-

graben fig. 10). Additionally, designated sites were established to store debris and bedload material near the dam, enabling cost-effective 

and eco-friendly material supply in the aftermath (example Karthäusengraben fig. 10).

figure 11: integral function chain concept – make protection measures fit for the future
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