A NEW POST-EVENT APPROACH TO DETERMINE WOODY
DEBRIS VOLUMES IN TORRENTIAL CATCHMENTS
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ABSTRACT

The protective effect of forests during gravitational-fluvial damage events in torrent catchments is undisputed. However, woody debris from

these areas can lead to adverse effects as well. During the investigation of a flood event at the Oberbergbach (Neustift im Stubaital, Austria),
a method was developed to determine the volume of woody debris mobilized. Data from drone surveys after the event were compared
and completed with the data from the Austrian Forest Inventory (OWD. As a result, areas with mobilized trees caused by the event could
be identified. The OWI data enabled the determination of the woody stock of the mobilized areas and subsequently the total volume of

woody debris during the damage event.

INTRODUCTION

The Oberbergbach (municipality Neustift im Stubaital, Tyrol, Austria) is a tributary of the river Ruetz, with a total length of 14 km and a
catchment area of 62.5 km2. The difference in altitude from the highest point (3,474 m a.s.l.) of the catchment area to the confluence with
the Ruetz is 2,500 m. In July 2022 this catchment was affected by heavy rainfall, thunderstorms, and hail. These caused substantial fluviatile
solids transport and river faults. Approx. 20,000 m3 of debris material was deposited in debris basins and around 1.5 ha were flooded. The
Forestry Technical Service for Torrent and Avalanche Control (WLV), Tyrol Section contracted the Department of Natural Hazards of the
BFW (Austrian Research Centre for Forests) to investigate this damage event with emphasis on the determination of forest effects and woody
debris. To identify affected areas, the BFW started by carrying out aerial surveys with drones and photogrammetric analysis of the recorded
aerial photographs.

In the scientific literature, the effect of forest on run-off reduction is established (e.g. Kohl et al. 2005, Markart et al. 2021, Bingbing et al.
2022). However, during flood events, tree material can be mobilized through slides or bank failures and the woody debris often causes

negative effects on the run-off/transport behaviour of a torrent (increased transport of material, blockages...), see Figure 1.

Figure 1 : Photo taken after the damage event in July 2022 (foto credits: WLV)
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To assess the effects of woody debris, the following questions must be answered: In which areas is the woody debris mobilized and what

are the potential dimensions of the trunks?

METHODS
The part of the torrent that was analysed by the BFW is shown in Figure 2.

Figure 2 : Catchment of the Oberbergbach, investigated area and areas flooded during the event (brown for the Oberberbach and yellow for the subcatchments)

The presented approach enables the quantification of mobilized woody debris during a torrential event. The forest-related data required in
addition to current field surveys, were obtained from data of the Austrian Forest Inventory (OWTI), these are:

e  TForest layer ("forest area" according to OWI definition: minimum area: 500 m2, minimum width: 10 m, minimum canopy: 30 %)

e  Vegetation height layer in 1 m grid

e Stock cubic meter layer (for areas with growth heights > 1.5 m in 1 m grid (m3/ha)
Thus, riverbank vegetation or individual groups of trees are not considered as forest according to the above-mentioned OW1 definition. To

consider these areas as well, they were digitized based on the pre-event orthophotos from 2019 (Figure 3). For these areas, the average value

of Vfm/ha of the OWT areas was used as an approximation to determine the timber stock (Table 1).
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Figure 3: Left: area classified as forest by OWI (green); right: additional areas not marked as forest in the OWI (riverbank vegetation, orange)

Not the entire stocked area of the flooded area contributed to the woody debris occurrence, hence the remaining stocked areas after the

event were digitized, based on drone aerial surveys (Figure 4).

Figure 4: Left: Merged stocked flooded area (orthophoto 2019 and digitized areas, green); right: stocked areas after the event, digitized based on drone surveys (blue).

Table 1 presents key indicators of the affected stocked areas in the flooded area and the resulting woody debris volume, separated for the
main torrent and subcatchments. Due to privacy reasons according to the Austrian Data Protection Regulation (DSGVO), the key indicators

are only displayed for the whole area and individual areas are only evaluated qualitatively.
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Table 1: Key indicators of stocked areas and woody debris volume in the flooded area, separated into the main torrent and the lower reaches of its subcatchments.

RESULTS AND DISCUSSION

During the event of 2022, about 25 % of the potential woody debris in the flooded area (before the event about 560 m3) was mobilized.
Close to the channel of the Oberbergbach, the average tree heights and diameters were comparatively low (mean height 8,5 m). However,
individual trees reach heights of up to 33 m and may jam cross sections and protection buildings. From the torrent subcatchments (as far
as they transported the wood to the receiving water of the Oberbergbach), stronger dimensions were expected, caused by the higher large
mean height (16,7 m).

In the flooded area of the Oberbergbach, about 30 % of the stocked areas were mobilized, causing about 180 m? woody debris. Based on
the available data, it was not possible to determine the quantity of woody debris, which was redeposited in the torrent or reached the re-
tention basin. The subcatchments contributed only about 10 % (because they are only partially covered by forest (due to the altitude), and

the woody debris didn’t always reach the receiving water of the Oberbergbach).

CONCLUSIONS

With the presented prototype of an approach, the sources of woody debris, mobilized in a torrential catchment during a damage event, can
be localized. The approach requires aerial photographs taken directly after the event and up-to-date data from the OWI. The tree dimen-
sions and mobilized volume can be determined with satisfying accuracy. However, no quantitative statements on woody debris deposition
are possible so far. A documentation of the woody debris deposited for example in bottlenecks or mitigation structures would be valuable
information to verify the method. Within the framework of emergency measures, woody debris is usually quickly removed from the depo-

sition areas, thus, a timely survey of the deposited woody debris is desirable.
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