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Abstract. Large woody debris (LWD) exacerbates flood damages near
civil structures and in urbanized areas and the awareness of LWD as a risk
is becoming more and more relevant. The recruitment of “fresh” large
woody debris has been documented to play a significant role of the total
amount of wood transported during flood events in mountain catchments.
Predominately, LWD recruitment due to hydraulic and geotechnical bank
erosion and shallow landslides contribute to high volumes of wood during
floods. Quantifying the effects of vegetation on channel and slope
processes is extremely complex. This manuscript therefore presents the
concepts that are being implemented in a new modelling framework that
aims to improve the quantification of vegetation effects on LWD
recruitment processes. One of the focuses of the model framework is the
implementation of the effect of spatio-temporal distribution of root
reinforcement in recruitment processes such as bank erosion and shallow
landslides in mountain catchments. Further, spatio-temporal precipitation
patterns will be considered using a probabilistic approach to account for
the spatio-temporal precipitation variability to estimate a LWD recruitment
correction coefficient. Preliminary results are herein presented and
discussed in form of a case study in the Swiss Prealps.

1. Introduction

Large woody debris (LWD), also known as coarse woody debris, in-stream wood, drift
wood or large wood, is acknowledged to have important ecological functions and plays a
significant role in river morphology, but it also exacerbates flood damages near civil
structures and in urbanized areas (e.g., [1-4]). The recruitment of “fresh” large woody
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debris has been documented to be a key component of the total amount of wood transported
during floods in mountain catchments, particularly because of streambank erosion,
streambank failure and shallow landslides (e.g., [5-10]). The term ‘recruitment’ hereby
refers to all processes involved in delivering woody material into water bodies through
hydromorphodynamic or gravitational processes at any time (e.g., [11-13]); ‘hydraulic bank
erosion’ is the result of flowing water applying hydrodynamic forces onto the streambank
[14] removing sediment from the streambank [14-16]; and ‘geotechnical bank erosion’ is
the failing of streambanks under gravity [14, 17].

Although numerous studies have quantified the stabilizing effects of vegetation for bank
and hillslope processes (e.g., [18-28]), few studies incorporate the spatial distribution of
mechanical and/or hydrological effects of vegetation influencing LWD recruitment. The
objective of this manuscript is to present a new model framework that aims to consider the
effects of the spatio-temporal distribution of vegetation on hydraulic and geotechnical bank
erosion (BankforMAP) and shallow landslides (SlideforMAP, [25-27]) in mountain
catchments.

2. Materials and methods

2.1. Model framework

Hydraulic and geotechnical bank erosion is modeled in BankforMAP, where erosion and
subsequent LWD recruitment scenarios based on hydraulic geometry relations [29-32],
physical parameters (i.e., material properties) and probability are considered. Hydraulic
geometry are power functions reflecting the change of width, mean depth and velocity with
increasing discharge at a given cross section. It further also emphasizes the importance of
the amount and size of sediment, roughness and channel slope, or gradient. Based on the
principles of hydraulic geometry, it is feasible to find relations between governing
processes and geometric parameters influencing recruitment and mobilization of LWD. The
material properties are calculated applying the bank surface toe erosion model BSTEM [33-
35], where a matrix of numerical experiments is set up to calculate important processes-
based parameters to represent a range of possible conditions in the channel network. The
results then represent potential areas along the channel where possible scenarios can lead to
erosion and LWD recruitment.

Potential shallow landslide occurrences are modeled using the existing model
SlideforMAP: SlideforMAP is a spatially explicit model that calculates the probability of
shallow landslides occurring on a slope considering the mechanical effects of vegetation
per scenario (i.e., root reinforcement). In both BankforMAP and SlideforMAP, the effects
of vegetation are implemented by using tree detection algorithms: The algorithm FINT [35-
36] detects the position of treetops and extrapolates tree dimensions (tree height and
diameter on breast height). This information is used to incorporate the location and
dimension of trees to further implement root reinforcement.

To account for natural heterogeneity of precipitation, a stochastic approach is being
implemented: Spatio-temporal precipitation patterns are difficult to model due to their
complex nature. In accord to [38], we intend on using probability distribution functions to
account for the incomplete knowledge of data available for precipitation estimations. The
spatio-temporal precipitation pattern is then used to estimate a correction coefficient to give
a more robust estimation on LWD recruitment volumes.
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Fig. 1. Idealized schematic of the overlapping scenario-based results from BankforMAP and
SlideforMAP. Left without and right considering the effects of vegetation. The blue cells represent
spatio-temporal precipitation variabilities, and the yellow, red, light and dark green cells represent
modelled spatio-temporal process probabilities.

Finally, the overlapping of scenario-based results from BankforMAP and SlideforMAP
generate a probability matrix with potential LWD recruitment volumes explicitly
considering spatial structures of forests and the effect of root reinforcement. This
probability matrix visualizes conceptually the probability of hydraulic and geotechnical
bank erosion, as well as shallow landslides contributing to LWD recruitment in mountain
catchments (fig. 1). The spatio-temporal precipitation variability will be used to calculate a
correction factor thus the magnitude of the processes is precipitation dependent.

2.2. Site description of the case study

The preliminary results are discussed in the context of a case study in the Swiss Prealps:
The Zulg is a mountain stream with a catchment area of approximately 89 km? and a length
of approximately 23 km. It merges into the Aare River northwest of the city Thun at
46°46°28°> N and 7°36°13”" E (fig. 2). The modeled results are compared with case studies
and event history analyses.
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Fig. 2. Zulg catchment in the Bernese Alps (left), general map of Switzerland (upper right) and the
zoom for the case study in the “Sulzigraben” (lower right). Source: Swisstopo.
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The spatial distribution of shallow landslide probabilities is modeled using SlideforMAP
for the Sulzigraben, a tributary merging into the Zulg by Innereriz at 46°47°10>” N and
7°49°21” E, during a precipitation event with a return period of 100 years (fig. 3). In
SlideforMAP, shallow landslide probabilities can be estimated considering root
reinforcement (with vegetation) or without consideration of root reinforcement (no
vegetation). The position of the treetops (yellow points) were modeled with FINT. To
consider the trees that are affected by landslides, only trees within 80 meters from the
channel network were selected that lie within the area of probable shallow landslide
occurrences. The buffer of 80 meters was chosen, because SlideforMAP does not contain a
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Fig. 3. Shallow landslide probabilities modeled with SlideforMAP. Shallow landslide probability with
no vegetation (no root reinforcement), shallow landslide probability with vegetation (root
reinforcement), trees detected with FINT incl. trees detected within the area of probable landslides
(no vegetation) and 80 m of the channel network, and trees detected with FINT incl. trees detected
within the area of probable landslides (with vegetation) and a distance of 80 m of the channel network
(from upper left to lower right). The background map is a LiDAR derived digital surface model from
swisstopo.

3. Results

Our preliminary results present potential LWD recruitment from shallow landslides. Based
on our analysis, potential LWD recruitment without considering root reinforcement in
SlideforMAP would result in 1882 trees, or approximately 13’600 m* of wood recruited
(table 1). Potential LWD recruitment considering root reinforcement in SlideforMAP
would result in 395 trees (79 % lesser trees), or approximately 9°400 m* of wood recruited
(31 % lesser wood). Compared to a recent study [39] that investigated potential LWD
recruitment for the Sulzigraben, 17'640 m? wood was estimated considering shallow
landsides and geotechnical bank erosion. A correction coefficient was however not applied
to consider spatio-temporal precipitation events and our preliminary analysis were not
validated in the field yet.
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Table 1. Potential LWD recruitment volumes based on three different approaches.

Case study
SlideforMAP without Slldefo.r MAP with (Sh?llOW

. vegetation (present landslides and

vegetation oo .
condition) geotechnical
bank erosion)
Potential LWD
recruitment volume 13°600 9’400 17°640
[m’]

4. Discussion and outlook

Although LWD research has arisen over the last few decades, quantifying the role of
vegetation on channel and slope processes is extremely complex owing to differences in
species characteristics and has often been over generalized so far. Our model framework
incorporates physical laws and probability to estimate potential LWD recruitment scenarios
considering the effect of vegetation. The advantage of the proposed framework is that it
allows to localize arecas where vegetation (particularly trees) can increase slope and bank
stability, giving detailed information to stakeholders where to focus their efforts in forest
management.

As the preliminary results show, shallow landslide probabilities account for spatio-
temporal heterogeneities and areas where potential LWD recruitment occurs can be
investigated to mitigate the risk. Randomly scattered precipitation with randomly generated
intensities based on observations can further generate numerous possible scenarios that
affect the triggering of e.g. shallow landslides or peak discharge events affecting hydraulic
and geotechnical bank erosion. This allows us to “correct” the potential LWD recruitment
volumes by including a correction factor. The inclusion of a correction factor has however
not been implemented yet and its implementation is in the development phase.

The results from SlideforMAP hence need to be modeled considering spatio-temporal
precipitation patterns to include a correction coefficient. Further, only trees within 80
meters from the channel network were selected because landslide runout is not considered
in the model yet. A runout model will also be implemented in the near future. BankforMAP
and precipitation probabilities need to be adapted and refined. Further, the model
framework needs to be validated in the field as well as tested and applied in other (sub-)
catchments.
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